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Via

Kontrollmessungen an Brückenkonstruktionen

Control Measurements of Bridges

Mesures de contröles de ponts

A. SZITTNER
TU Budapest, Lehrstuhl für Stahlkonstruktionen

Budapest, Ungarn

Die Mitarbeiter des Lehrstuhles für Stahlkonstruktionen der
TU Budapest haben in den letzteren Zeiten an den in Ungarn gebauten

verschiedenen Brückenkonstruktionen Kontrollmessungen
durchgeführt, um die wirkliche und theoretische Kräftespiele gegenüberzustellen.

Die Messungen wurden in fünf Gruppen klassiert:
1. Traditionelle Probebelastung,
2. Lastenzug-Einflusslinie,
3. Dynamisches Verhalten der Brücken,
4. Peststellung des Brückenzustandes,
5» Kontrollmessungen während des Baues.
Die Mess- und Auswertungsmethode bzw. die Polgerungen werden

auf Grund der Messungen an den untenstehenden Strassenbrückenkon-
struktionen vorgestellt:

a/ Hängebrücke mit Spannweite 44 + 290 + 44
b/ Verbundkonstruktion mit Kastenträger (Spannweite: 30 ra)

c/ Durchlaufende Fachwerkbrücke mit Eisenbeton-Pahrplatte
als Verbundkonstruktion mit Querträger (Spannweite:
3x70 m)

d/ Durchlaufende Verbundkonstruktion mit Kastenträger
(Spannweite: 3x25 + 40 + 2x25 m)

e/ Durchlaufende Vollwand-Verbundkonstruktion mit Freikabel-
Vorspannung (Spannweite: 57 + 67 + 57 m)»

1. Traditionelle Probebelastung
Der Inbetriebnahme der Brücken geht immer ein amtlicher Pro-

zess, die Probebelastung voran, wo den Vorschriften nach, nur die
Durchbiegungen gemessen werden sollen» So wird das Kräftespiel und
das Verhalten der Konstruktion im Ganzen kontrolliert« Im
wissenschaftlichen und praktischen Sinne ist es aber auch wichtig, die
wirklichen Spannungen und Beanspruchungen der Brückenelemente mit
den theoretischen Werten, gewonnen an den mathematischen Modellen,
zu vergleichen.
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Durch die Messungen werden
die örtlichen Spannungen und Spannungsspitzen,
die Knotenpunkt-Nebenspannungen,
die Querverteilung und Torsionssteifigkeit, und
die Fahrbahn-Mitwirkung

kontrolliert.
Als Mess-System wurden bei den obenerwähnten Aufgaben Deh-

nungsmess-Streifen (DMS) mit Messverstärker und mit
Registriereinrichtung, oder Dehnungsmesser mechanischen Systems angewendet.

Über die Messungen der örtlichen Spannungen kann nichts Neues
gesagt werden. Um die Knotenpunkt-Nebenspannungen festzustellen,
wurden die Spannungen (Dehnungen) neben den ausgewählten
Knotenpunkten auf jedem Stab bei der Stabmitte und neben dem Knotenblech
in den 4 Eckpunkten der Querschnitten gemessen. Auf Grund des
Bernoulli-Navier-Satzes werden aus den Messergebnissen die Werte
<5l, ßZ, ßZ, und c>w gerechnet. Auf der Brückenkonstruktion nach

Abb.4. in den Knotenpunkten 25 und 28 wurden die Nebenspannungen
festgestellt. Bei den Gurtstäben sind die gemessenen Werte ein
wenig höher als die gerechneten Werte nach Hartmann-Melan [l],
aber bei den Diagonalen, wo die Stabkräfte bzw. die <5]>j_Spannun-
gen im absoluten Sinne kleiner sind, sind die Nebenspannungen
prozentuell viel höher. Auf Abb.l. wurde die Tendenz vorgestellt,
dass die Knotenpunkt-Nebenspannungen mit der Zunahme der Ausnüt_
zung des Stabes sich vermindern. Die Nebenspannungen waren immer
beachtlich [2].

Auf dieser Brücke
wurde auch die Querverteilung

kontrolliert. Die
Messergebnisse und die
Werte - gerechnet nach
Cornelius [3J - zeigten
weder bei symmetrischer,
noch bei asymmetrischer
Belastung gute
Übereinstimmung. Die Messergebnisse

unterstützten viel
mehr eine Rechenmethode
wobei die Konstruktion
als einfacher Träger auf
zwei Stützen gerechnet
wurde (Abb.2.;.

An der selben
Konstruktion wurde auch die
Mitwirkung der
Fahrbahnkonstruktion überprüft.
Die Spannungen in dem
Untergurt sind wegen der
Mitwirkung der Fahrbahnplatte

etwa 20-30 % kleiner,
als die ohne Mitwirkung
gerechneten Werte.

Dementsprechend sind aber
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Abb.l.
die Obergurt-Kräfte durch die Verkürzung des Hebelarmes der Zug-
Druckkraft etwa 10-15 % höher, als die Werte einfach berechnet.
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Diese Differenz vermindert sich bedeutend neben den Stützen, wo
die Fahrbahnplatte untergebrochen ist.
2. Lastenzug-Einflusslinien

Im Laufe der traditionellen Probebelastung werden die bei
einer genau bestimmten Achsenanordnung gemessenen und berechneten

Deformationen und Span-
nungen verglichen. Man
bekommt aber ein besseres

Bild über das
Verhalten der Konstruktion,
oder Konstruktionselemente,

wenn die Belastung

mit der Hilfe
eines in der Fahrbahnachse

sich langsam
bewegenden Schwerlastwagens
wirkt, und die Spannungen

und Deformationen
mit einer Registriereinrichtung

aufgenommen
werden. Die auf Grund
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gerechneten Werte werden
den wirklichen Regist-
ratumwerten gegenübergestellt.

Abb.3« zeigt die
Gegenüberstellung der
Lastenzug-Einflusslinie

bei einer Verbund-
Konstruktion mit Kas-

p tenträger l 30 m).
Abb.^. Die auf ßen verschiedenen

Punkten des Kastenträgergurtes gemessenen Spannungen zeigen
gut die Spannungsverteilung der Brücke. Der Durchschnittswert der
Hessergebnisse stimmt sehr gut mit dem gerechneten Wert (4].
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Auf Abb.4. sind die Lastenzug-Einflusslinien für die
Stabspannungen eines durchlaufenden Fachwerkträgers zu sehen. Der
Ursprung der Abweichung zwischen den gerechneten und gemessenen
Spannungen ist auch jetzt die Mitwirkung der Fahrbahnplatte.
Deswegen ist die Obergurtkraft etwa 20 % höher, die Untergurtkraft

etwa 10 % niedriger, als die ohne Mitwirkung der Fahrbahnplatte

gerechneten Werte. Bei dem Obergurt 23-25 gab es in der
Seitenöffnung infolge der Fahrbahnplatten-Unterbrechung keine
bedeutende Differenz, aber in der Mittelöffnung war die Differenz

schon beachtlich.
In dem Gurtstab 26-28, wo die Stabkräfte etwas kleiner sind,

ist die Abweichung ein bischen grösser. Die Differenz meldet sich
besonders in dem Charakter der Einflusslinie. Bei den Diagonalen
25-28 und 25-26 ist die Abweichung nicht bedeutend.

Die Lastenzug-Einflusslinien geben ein sehr gutes Bild über
die Querverteilung der kastenartig ausgebildeten Brückenquerschnitten.

Als Beispiel werden die Messergebnisse einer mit
äusseren Kabeln gespannten, schrägen, durchlaufenden Verbundkonstruktion

erwähnt (Abb.5«). Wegen des schrägen Grundrisses und der
asymmetrischen Fahrbahn-Anordnung sind die Spannungen in den drei
Hauptträgern verschieden, andererseits wegen der besseren Beton-
qualität etwas kleiner, als die nach dem Entwurf gerechneten
Werte.

3. Dynamisches Verhalten der Brücken

Die meisten Bemessungsvorschriften berücksichtigen die aus
der Bewegung stammende dynamische Zusatzlast mit einem sogenannten

dynamischen Faktor, der von der Art der Brücken abhängt und
mit der Spannweite sich vermindert. Bei einer konkreten Konstruktion

ist die Zusatzlast proportional mit der Nutzlast. Diese
Voraussetzung wurde durch die experimentellen Werte nicht unterstützt.
Deshalb bestrebte man theoretisch oder experimentell einen
Zusammenhang, der das dynamische Verhalten der Brücken treu spiegelt.
Die Grunderscheinungen und die Grundgleichungen der Lösung sind
theoretisch klar (Effekt von Timoshenko, Zimmermann, usw.), aber
eine allgültige Superpositionsregel oder ein Zusammenhang der
dynamischen Wirkung ist wegen der zeitlichen und räumlichen
Zufälligkeit der Lasten unmöglich zu finden.

Aus diesem Grunde hat der UIC-ORE (Internationaler
Eisenbahnverband, Forschungs- und Versuchsamt) für Eisenbahnbrücken
eine umfangreiche Experiment-Serie angefangen und die Messergebnisse

ausgewertet. In der zusammenfassenden Veröffentlichung [5]
hat der ORE die eindeutige Folgerung festgestellt, dass es unmöglich

ist, die wirkliche dynamische Wirkung in geschlossener Form
sogar bei zwangsbahnartiger
Eisenbahn-Belastung
festzustellen. Die Anwendung des
dynamischen Faktors als
Bemessungsmethode spiegelt das
wirkliche Kräftespiel nicht.

Abb.6.

dm

mm
slotAS

äin
stat
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Gleichzeitig mit den anderen Probebelastungen wurde in dem
Geist der Arbeit von UIC-ORE auch dynamische Probebelastung
durchgeführt, wo die Lastkraftwagen auf der Brücke in verschiedenen
Gruppen und mit verschiedener Geschwindigkeit gefahren wurden.

Die Auswertung der Registraten wurde nach der Abb.6 gemacht.
So wurden die charakteristischen Werte von 0. tf.. /*.=

/din/^tat und Ae= ^din " ^stat für ^de Fahrt festgestellt.
Mit verschiedenen Lastgruppen wurde erreicht, dass die Ausnützungder Träger verschieden sei. Als Ausnützung wurde ein prozentuelles

Verhältnis zwischen dem Messwert SZ, und dem Rechenwert
^stat.max genommen.

So wurden die Ergebnisse als Funktion der Ausnützung erstens
auf Grund des dynamischen Faktors M zweitens auf Grund des
dynamischen Mehrwertes A ^"aufgezeichnet. Wenn die Hüllkurve dazu
eingezeichnet wird, ist der Charakter des dynamischen Faktors,
bzw. des dynamischen Mehrwertes sehr schön zu sehen.
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Als Beispiel wird auf den Abbildungen 7. und 8. die Auswertung

der Messergebnisse der Brücke von Tiszafüred (Fachwerkträger
und Vollwandträger siehe auf Abb.3,+) ; auf der Abb.9. die Auswertung

der Messergebnisse der Elisabeth-Brücke, und auf Abb.10. die
Auswertung der Messergebnisse einer durchlaufenden Verbundkonstruktion

vorgestellt.
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Auf Grund der Messergebnisse wurden die nachstehenden
Folgerungen festgestellt:

a/ Der Wert von ^in/^tat
ist kein Konstant, es vermindert

sich mit dem Wachsen der
Ausnützung.

b/ Der dynamische Mehrwert

(^in - 6^tat) vermindert

sich in Tendenz, oder
stagniert«

c/ Die dynamische
Vollbelastung der Strassenbrücken
ist unmöglich. Unseren
Erfahrungen nach ist die maximale

Ausnützung etwa 60-70 %,

d/ Bei der Dimensionie-
Abb.ll. rung der Strassenbrücken wäre

auch richtiger, so wie es von
UIC-ORE vorgeschlagen wurde, statt des dynamischen Faktors den
dynamischen Mehrwert anzuwenden (Abb.11.) •

o>,
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<o*a

ÜA

Ausnutzung

4. Feststellung des Brückenzustandes
Bei den neueren Brückenkonstruktionen, besonders bei den

Stahlbeton- und Verbundkonstruktionen, wurden auf Grund des
Vorschlages von I. Illesy die Eigenfrequenzen der Konstruktion auch
gemessen. Es ist nämlich selbstverständlich, dass die nicht gut
sichtbaren mechanischen Aenderungen (Risse, Stützenbewegungen
usw.) auch die gut messbare Eigenfrequenz verändern können. Die
Eigenfrequenzmessungen sind auf den neueren Brücken durchgeführt
und ständig kontrolliert worden. Über die Erfahrungen kann noch
nicht berichtet werden.

5» Kontrollmessungen während des Baues
Im Laufe der Bauzeit ist es sehr wichtig, besonders bei den

durchlaufenden Verbundkonstruktionen und bei den vorgespannten
Konstruktionen das wirkliche Montage-Kräftespiel und die Wirkung
der verschiedenen Montagephasen (Stützensenkung, Belastung,
Vorspannung usw.) zu beobachten. Diese Aufgabe benötigt eine
Messmethode, wo die Messprozesse während der verhältnismässig
langweiligen Bauzeit weitergeführt und die Messelemente aufbewahrt
Werden können. Ausserdem soll die Wirkung der Temperaturänderung
beseitigt werden. Bei solchen Aufgaben wurde als Messinstruraent
der Setzdehnungsmesser Bauart Pfender sehr gut angewendet, der
mit einer Messlänge von 100 mm, mit entsprechender
Temperaturkompensation, eine Genauigkeit vont 20 kp/cm2 sichert. Mit dieser
Methode wurde in Ungarn der Bau von zwei durchlaufenden
Verbundkonstruktionen in der Bauzeit durch mehrere Monate ständig
kontrolliert.
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Zus ammenfas sung

Der Lehrstuhl für Stahlkonstruktionen der TU Budapest hat
an verschiedenen neugebauten Stahlbrücken Kontrollmessungen
durchgeführt. Mittels dieser Messungen wurden die auf theoretischem

Grunde gerechneten Werte des Kräftespieles, der Querverteilung,

der Torsionssteifigkeit, der Knotenpunkt-Nebenspannungen,
das dynamische Verhalten der Strassenbrücken und das

Kräftespiel in verschiedenen Bauphasen kontrolliert. Der Diskussionsbeitrag

gibt einen Überblick über die Messmethoden und die
Ergebnisse.

g. 43 Vorbericht
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Actual Traffic Loadings ort Highway Bridges and Stress Levels
in Bridge Members

Charges de trafic actuel sur ponts-routes et niveaux de sollicitations
dans les membrures des ponts

Gegenwärtige Verkehrslasten auf Strassenbrücken und Beanspruchungs-
Niveau in Brückenelementen

EIICHI MURAKAMI TETSUO KUNIHIRO
Director Chief, Bridge Section

Honshu-Shikoku Bridge Authority Public Works Research Institute
Ministry of Construction

MINORU OHTA
Deputy Chief, Second Design Room
Honshu-Shikoku Bridge Authority

HAJIME ASAKURA
Research Engineer, Bridge Section
Public Works Research Institute

Ministry of Construction

Japan

1. Introduction
The design live load specified in the design specifications for

highway bridges in Japan, as shown in Fig. 1 and Fig. 2, is fundamen-
tally based on a 20 ton truck and traffic rows composed of a 20 ton
truck and 15 ton trucks. The T-load in Fig. 1 is used for design of
slab and floor system, while the L-load shown in Fig. 2 is used for
design of main girder and main truss. These loads have been used
since 1956, but the increase in both weight and number of trucks in
these years is so remarkable that the loads shown in the current
specifications have reached the state which may not be necessarily
appropriate in contrast with the actual traffic Situation. Besides,
there exist a great number of old bridges which were designed for
smaller load, than that of current specifications, and the safety of
those bridges under the present heavy load is posing a problem.

In Japan, various surveys of actual traffic loadings and stress
levels in highway bridge members are being carried out for the
purpose of obtaining the data in re-examination of design live load,
and also for control of safety of existing bridges.
2. Stress levels in bridge members '

Stress levels caused in the main girder of 18 plate girder
bridges (with span length of 20 to 60 m) and for each member of a
truss bridge (with span length of 80 m) under the ordinary traffic
loading were measured.

In measuring, the device enabling to automatically count up the
frequency by each stress level separately was used. This device is
composed of the strain detector in which differential transformer
is used and recording device which classifies the detected strain
separately by four class levels, and count up the respective frequency,
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Table 1. Percentage of
various vehicles

The bridges for which the survey was made were selected from
those which are located on the main national highways served for
heavy traffic. The traffic amount per 24 hours at the survey
point counts 10,000 to 40,000 vehicles, and the average traffic
volume for the entire survey points was about 20,000 vechicles,
the percentage of various types of vehicles being as shown in
Table 1.

The measurement was curried out for 3 to 5 consecutive days.
The result of measurements for plate girder bridges and a truss
bridge are indicated in Fig. 3 and Fig. 4, respectively. In those
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figures, the frequency at each stress level is shown per one day
(24 hours). The relation between the ränge of the ratio of stress
level measured in girder bridges to the calculated stress due to
the current design live load (L-load) and the frequency caused per
the traffic volume of 10,000 vehicles is shown in Fig. 5.

In the case of truss bridge shown in Fig. 4, the values of
measured stress of floor system is greater than those of truss
members. However, the ratio of measured stress level to design
live load stress for floor system is smaller than that of truss
members. This is supposed to be due to the fact the reinforced
concrete slab supported by the stringers and floor beams may take
Charge a portion of the function of stringers or floor beams.
Such a function of reinforced concrete slab was not considered in
the design calculation.

According to the fact mentioned above, it is known that the
live load stress caused in each member of bridge under ordinary
traffic load is some 300 kg/cm^ at most, which is fairly at lower
level as compared with the calculated stress level due to design
live load.

Actual Status of wheel load 2)3)

For the purpose of confirming the actual weight of wheel load
of vehicle having great influence on the slab and floor system,
measurement of weight of wheel load was carried out at 34 points
on national highways in Japan.

The device used for the measurement is composed of weighing
part and recording part. The weighing apparatus is the weighing
meter consisting of a sheet of steel plate and four loadcells
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supporting the plate on its four corners. The weighing meter is
installed in the reinforced concrete pit in such a way that the
loading plate makes a part of the road surface covering the pit,
so that the weight of wheel passing over the plate is detected
without stopping the vehicles. The recording part has the function
of classifying counting automatically each frequency of the
detected weight by every 12 classes of level.

The survey points were selected from among the points located
on main national highway, and besides, where the traffic is
especially crowded. The traffic volume per 24 hours for the lane
where the wheel load was measured indicated about 5,000 vehicles
at point where the traffic volume was the least, and about 28,000
vehicles where the traffic volume was the most.

The measurement was carried out for 1 to 7 days for each
point. It was made clear, as the result of the survey, that the
frequency by different level of wheel load showed considerable
difference according to the survey point, but on the same point,
approximately the same frequency distribution was observed.

Fig. 6 represents the frequency measured by various weight
of wheel load. As known from Fig. 6, although about 801 of the
whole number of wheel load measured is one ton or less, and the
number of heavier wheel load decreases rapidly, the fact that
the number of wheel load exceeding design wheel load of 8 ton
(which is approximately the same as the wheel load of HS20 of
AASHO, see Fig. 1) amounts to 0.161 of whole number of wheel load,
namely, that there exist about 32 vehicles of which wheel load
exceeds design wheel load of 8 ton, per 10,000 vehicles, may not
be ignored from the point of view of design of new bridges or
maintenance and safety of the existing bridges. The reason of
the existence of wheel loads heavier than design wheel load is
due, needless to say, to the Operation of large size trucks which
are loaded more than the statutory loading limit.

In Japan, the expansion of truck size has been advanced in
these years to reduce the cost of transportation. At the same
time, the instances of damages of reinforced concrete slab have
become remarkable. As one of the causes thereof, the Operation
of vehicles with weight heavier than design wheel load may be
mentioned.

Besides, on aecount of the fact that the weight and number
of wheel loads of trucks increased, the importance of performing
fatigue design came to be claimed on steel plate deck where
welding is used abundantly. In applying fatigue design, it is
necessary to know the value and number of repetition of stress
imposed during the expected life of bridge. From the point of
view of fatigue, the effect of random wheel loads with different
weights and numbers of repetition on steel plate deck may be
evaluated by means of "equivalent number of repetition" of design
live load stress due to design wheel load (8 ton), denoted by
the following expression:

Neq Ki-K2-Nt (1)

Where N : Equivalent number of repetition of design live load" stress
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Number of total passing wheel loads during the
expected life of the bridge

K, ,K 2- Coefficients

Ki in Equation (1) is the coefficient used for Converting
the wheel load with certain weight into design wheel load of 8

ton, which may be expressed as Equation (2):

K

Where T

l =Zp(t) (ift-^
Weight of wheel load

(2)

P(T): Probability of occurrence of T

k : Coefficient determined from S-N diagram (the slope of
S-N diagram in logarithmic sclae.)
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longitudinal rib of steel plate deck
which is commonly used in Japan,
is approximately 0.2.

P(T) in Equation (2) is given
by Fig. 6, and P(x) in Equation (3),
by Fig. 7. Such data, actually
observed concerning the weight and
the passing position of wheel load
are indispensable for the fatigue
design.

4. Actual Status of vehicle row
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L-load, shown in Fig. 2,
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Fig. 9 Traffic patterns
load in comparison with the above design L-load, a survey on traffic
pattern was carried out in the following procedure:

1) 73 survey points were selected (Table 2). These points are
the places on the main national highways where the traffic is
crowded and apt to be congested including a lot of large size
vehicles

2) At each survey point, traffic pattern extending over 300 m

on the roadway was photographed intending to take as many heavy
trucks as possible in the overlooked picture. Ten times of the
photographing was carried out, and selected one case of pictures
which appeared to be most congested in traffic, as they were
assumed to represent the maximum of vehicle row load at the point.
3) Distinguishing the loading condition of each vehicle with
or without cargo, as well as the type of each vehicle from the
photograph, the figure of traffic pattern (Pattern I), as ülustrated

in Fig. 9a, which shows exactly same arrangement of vehicles
as on the photograph was prepared. For the weight of different
types of vehicles and different loading conditions, corresponding
average values were established referring to the table of size
and weight of motor vehicles in Japan.

4) On the basis of Pattern I, hypothetic pattern such as Fig. 9b
(Pattern II) in which the half of traffic lanes is congested,
while the opposite half lanes is smooth, and Fig. 9c (Pattern III)
in which the whole lanes are perfectly congested, were prepared.
In this case, the clear distance between two consective vehicles
in the congested State was taken as 1 m, with reference to the
vehicle distance observed on highways actually at the time of
congested. Pattern II is the State which is usually observed
in Japan, and Pattern III is the State which is very rarely
observed.
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5) In regard to Pattern I, II and III, the maximum bending
moment Mo and maximum shear force So, which are imposed in a
simply supported girder under each loading pattern, were calculated

by means of electronic Computer. In this case, Mo and So
were obtained for nine cases of the span length of 20, 40, 60,
80, 100, 150, 200, 250 and 300 meters.

6) M/Mrj and So/Sß were calculated, which are the ratio of Mo
and So due to "actual vehicle load" obtained in 5), to beinding
moment Mt) and shear force Sq due to "design load" showed in
Fig. 2.
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The values of Mo/Md and So/
observed points were gathered up
and a histogram of Mo/Md and So/
that the form of distribution of
as the normal distribution. The
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Fig. 10 was obtained in this way, indicating the features
of magnitude of actual vehicles load in Japan. From Fig. 10, the
following facts may be understood:

1) The magnitude of vehicle row load under normal traffic
condition (Pattern I) is considerably low, the average value of
the loading effects (moment and shear) in main girder is equal
to 301, at most, of those due to design live load regardless of
the number of traffic lane and of span length, and even at the
level of (m+3if) it is only 601, at most, of the loading effects
due to design live load.

2) Under the semi-congested State of traffic (Pattern II), that
is usally occured in Japan, the average value of the loading
effect imposed in main girder ranges from 40 to 601' of that due
to design live load, and the level of (m+3(F'),corresponds approximately

to the level of design live load.

3) When vehicles are congested with clear distance of 1 m over
the whole lanes (Pattern III), the average value of loading
effect imposed in main girder is presumed to be 60 to 801 of
that due to design live load, and the level of (m+(T) correstjonds
approximately to the level of design live load.

4) So/Sq is usually larger than Mo/Md-
Namely, the current design live load in
Japan is not well-balanced between
bending moment and shearing force in
main girder.

Fig. 11, comparison of loading
effects due to design live load of
well-known HS 20 Loading of AASHO
(1969) and "Brücken Klasse 60" of
DIN 1072 (1967) to those due to
Japanese design live load, may
facilitate understanding the
consideration made in this report.
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loading effect in various countries
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5. Conclusion

The following conclusion may be introduced concerning the
load on highway bridges in Japan, on the basis of the results
measured on the stress levels in bridge members, and on the wheel
load and vehicle row load:

1) The live load stress imposed in main girder and main truss
under usual traffic condition is 300 kg/cm2 or so at most, which
is considerably small as compared with the calculated design
live load stress.

2) Vehicle row load under normal traffic condition is in
considerably lower level as compared with the current design vehicle
row load, but under the State in which the whole lanes are
perfectly congested, there is a little chance that the vehicle row
load may reach to the level of design load. Considering the
fact that semi-congested state of traffic in which the half of
traffic lanes are congested while the opposite half lanes are
smooth is usually observed wherever in Japan, it seems to be
suitable to determine the design load for main girder on the
basis of such loading condition.

3) The relation between the weight and frequency of vehicle
wheel load shows fairly big divergence according to area, but
nearly constant trend on the same point. Generally speaking,
the actual condition of wheel load is that it has no such
allowance to design load as is seen in the vehicle row load, and
the existence of such heavy wheel load exceeding design wheel
load is amounting to a number which may not be ignored.

4) Since vehicle wheel load (single vehicle load) is in the
severer condition than in the case of vehicle row load in
comparison with the current design load, considerable unbalance of
load carring capacity between main girder and floor system has
been arisen. In order to design a bridge of which each member
is well balanced in strength, it will be necessary, so long as
the current design load is employed, to use larger safety facto
for the floor system than that for main girder.

r
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Summary

As the result of our surveys of wheel load, row load of
vehicles and of stress in bridge members, it was made clear that
the magnitude of vehicle row load or corresponding stress in main
girder has considerable allowance in comparison with the current
design live load and corresponding stress, under any traffic
loading condition except perfectly congested states, while the
single vehicle load sometimes exceeds the design load and poses
a problem in relation to the safety of slab and floor system.
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Mesure des variations de reactions d'appuis d'ouvrages hyperstatiques
en beton precontraint ou mixtes

Messungen von Variationen von Auflagerreaktionen bei statisch unbestimmten,
vorgespannten oder Verbundbauwerken

Measuring of Variations of Support Reactions at Undetermined Prestressed

or Mixed Structures

S. BRETONNIERE M. DIRUY
Laboratoire Central des Ponts et Chaussees

Paris, France

1. INTRODUCTION

L'etude experimentala du comportement ä. long terme des ouvrages
presente nombre de difficultes, eu egard aux techniques delicates de
mesures in situ qu'elle implique. En ce qui concerne les ouvrages
hyperstatiques, la mesure permanente des reactions d'appuis constitue

un puissant moyen d'etude de la redistribution des contraintes
due aux phenomenes ä long terme imputables a la nature des matSriaux
constituants, ä leur rheologie (retrait et fluage du beton, relaxation

des cäbles de precontrainte) ainsi qu'aux variations climatiques
environnantes (hygrometrie, temperature, ensoleillement).
De telles mesures necessitent des capteurs devant repondre ä

des criteres tres particuliers :

- grande sensibilite, les variations de force ä mesurer etant
parfois tres faibles par rapport ä la charge permanente,

- absence totale de derive, l'evolution des reactions devant
pouvoir etre suivie ä tres long terme,

- insensibilite aux sollicitations diverses d'ordre thermique
ou mecanique (mouvements relatifs tablier-appui).

Les dynamometres ä deformation Slastique presentent une
derive due au fluage du corps d'epreuve qui ne peut etre eliminee
que par une reprise periodique du zero du capteur. Cette Operation
dans le cas des appuis de pont necessite le dechargement du dynamo-
mätre par un dispositif special reprenant les efforts. L'influence
des sollicitations perturbatrices, mecaniques ou thermiques, est
egalement difficile ä eliminer d'oü la mise au point d'un nouveau
procede qui utilise une cellule de Charge ayant les qualites requises.
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2. PRINCIPE DE LA CELLULE DE CHARGE
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dtprtJilon ei
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CKaniiar«. 2.

CapWur de.

Joi nr

EZ^Z
Chä rnbrc. 1

il cJ üppupporcil d appui

Vers ponr de- mesure.
de deplacement

Fig. 1 *¦ Schema de fonctionnement

La cellule de Charge directement interpos§e entre l'appui de
l'ouvrage et le tablier, est constituie par 3 blocs rigides superposes

(voir fig. 1 ci-dessus).
Ces blocs sont en contact par des faces planes rectifiees (A

et B) ou par des surfaces spheriques (B et C). Deux chambres mena-
gees dans B peuvent etre alimentees indSpendamment sous pression
d'huile au moyen d'une petite pompe ä main.

La pression dans la chambre 1, developpe ä partir d'une certaine
valeur une force qui Squilibre la reaction d'appui et entraine

le soulevement de B. Le deplacement relatif "d" de A et B, mesure
par un capteur incorpore ä la cellule, est fonction de la pression
hydraulique mesur§e par un capteur independant de la cellule. II

faut atteindre un icarte-
P i>

5o üo 120r d0)

Fig. 2 - p f (d)

d'etalonnage la valeur de la reaction d'appui

ment de 50 ä 60 /* pour
eliminer tout contact entre
B et C et obtenir, pour des
deplacements inferieurs ä
120 y> une Variation lin§-
aire de p en fonction de d.
La pente ol, de cette
droite, traduisant la rigidite

de l'ouvrage, est
obtenue par des mesures de
p de 10 }*• en 10 J+ La
pression p pour d 0,
obtenue par extrapolation,
fournit d'apres la courbe
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Toutefois le fonctionnement correct du dynamometre n'est assure
que si la reaction d'appui R est centree sur la chambre 1 sans
aucun moment entre les blocs A et B. Dans ce but, avant toute
mesure, la chambre 2 est mise sous pression d'huile pour permettre ä
l'Slement C de rotuler sans frottement sur coussin d'huile.

3. CARACTERISTIQUES METROLOGIQUES

La force maximum mesurable avec une cellule de Charge est fonction
de la pression admissible dans la cfiambre et de sa surface.

La pression normale de service est de 250 bars et peut atteindre
exceptionnellement 400 bars, ce qui permet de realiser des

cellules pour des forces de plusieurs centaines de tonnes.

Les erreurs de lin§arit§ dues ä la cellule de Charge provien-
nent des variations possibles de la surface efficace de la chambre
1 ; le montage particulier du Joint d'etancheite permet de limiter
cette erreur ä 0,2 % pour des variations de pression comprises
entre 2 bars et 400 bars.

La fidilitS est tres bonne et le pouvoir de resolution
inferieur ä 5.10~4 de la force mesuree. La cellule ne presente aucune
hysteresis mesurable (verifie lors d'etalonnage au l/1000e pres en
laboratoire sur des cellules de force 100 KN).

Des variations de temperature entrainent des modifications de
la section efficace de la chambre de l'ordre de 0,1 % pour AT 40°C.

La precision des mesures est etroitement liee aux caracteristiques
de la chaine de mesure de pression qui peut etre reetalonnee

frequemment. Pour des domaines de Variation de force tres etendus
pouvant entrainer des variations de pression comprises entre 1 bar
et 400 bars, il est necessaire d'utiliser plusieurs capteurs d'eten-
dues de mesure diffirentes. Dans le cas des reactions d'appuis les
variations excedent rarement + 15 % et la pression nominale du capteur

est donnee en consequence.

Ce procede peut fournir la valeur des reactions d'appui avec
une precision inferieure ä + 0,2 % ä condition de disposer des
moyens d'etalonnage en force.

4. UTILISATION PRATIQUE

Pour effectuer les mesures deux Operateurs sont necessaires,
l'un pour imposer la pression d'huile en fonction des deplacements
desires, l'autre pour mesurer cette pression gräce ä un capteur ä
jauges de deformation et un pont de mesure statique de haute
precision.

Pour les mesures de reactions d'appui, oü chaque extr§mit§ de
travee est equipee de deux cellules de charge, on releve successivement

les valeurs. Dans ces conditions la pente de la partie
lineaire de la courbe p f (d) est surtout liee ä la rigiditä de
torsion de l'ouvrage, la rigidite de flexion intervenant tres peu.
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APPLICATIONS

5.1 Modele de pont mixte

Une ossature mixte acier-beton a fait l'objet d'une etude re-
cente comportant notamment une serie de mesures ä moyen terme
(quelques mois) ayant pour but une meilleure connaissance des effets
du retrait de la dalle de beton sur le comportement de l'ouvrage. Ce
dernier, construit dans le hall d'essais du Laboratoire Central des
Ponts & Chaussees comportait 2 travees de 9,5 m (voir schema fig. 3)II reposait sur 6 appuis par l'intermediaire de 6 pesons hydrauliques

de capacite 100 KN (10 T) (photo de la fig. 3 Plusieurs
sections etaient en outre equipees par divers moyens de mesures :

jauges ä fil resistant, extensometres mecaniques et optiques, son-
des de temperature, dispositifs optiques de mesure des fleches. Des
dalles temoins constituees du meme beton que celui du modele
devaient permettre de mesurer le retrait libre du mat§riau pris seul.
Les mesures ont debute en meme temps que le coulage de la dalle. Les
courbes de la fig. 4 resument les mesures de reactions d'appuis
effectuees d'abord ä intervalle tres rapproche (1 h pendant la prise
du beton) puis quotidiennement, ceci pendant 3 mois. La temperature
et l'hygrometrie ambiantes furent maintenues sensiblement constantes

pendant toute cette pgriode (t 21° + 2 H =60 1+10%). Les
pesons etaient disposes de la fagon suivante :

pesons 1 et 4 - appui extremite gauche

pesons 5 et 6 - " " droite
pesons 2 et 3 - " central
On pouvait v§rifier le poids du modele (constant aux pertes

d'eau du beton pres) en faisant la somme des rSactions d'appuis
apres chaque mesure.

Le calcul des reactions hyperstatiques effectue ä partir des
mesures extensometriques est en parfaite concordance avec les
rSactions mesurees ä l'aide des pesons hydrauliques. On remarque
pendant la prise du beton l'influence des phenomenes thermiques
differentiels sur les r§actions d'appuis. La perte de poids due au
decoffrage apparait egalement ainsi que les charges additionnelles
qui furent ensuite ajoutees aux extremites de l'ouvrage pour com-
penser un delestage trop important de ces appuis du au retrait, et
qui risquait d'annuler les reactions d'extremite.

Par exploitation conjointe des valeurs des reactions d'appuis
et des deformations mesurSes, on a pu suivre 1'Evolution de divers
parametres, notamment celle du coefficient d'equivalence / n Ea
et du retrait libre £r) I EB

A la suite de ces essais il a ete proc§de ä une dinivellation
de l'appui central et ä l'itude du fluage-relaxation consicutif.
L'interpretation des mesures est en cours.
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Fig. 3 - Essais d'une ossature mixte acier-beton

5.2 Ponts hyperstatiques en beton precontraint
5.2.1 Pont de Champigny-sur-Yonne

Ouvrage ä 3 travees continues de 35 - 70 - 35 m de hauteur
constante (voir fig. 5 Fin de construction : Avril 1970. Les
cuiees de cet ouvrage ont ete equipees chacune par 2 pesons hydrauliques

de capacite 1000 KN (100 T), situes entre le tablier et les
appuis neoprSne-teflon. Les mesures qui ont et§ entreprises aussi-
töt apres construction et sont poursuivies actuellement ont pour
but prineipal de contribuer ä l'etude de la redistribution des
contraintes dues aux phenomenes de retrait-fluage-relaxation dans
l'ouvrage. Elles sont effectuees une fois par mois environ. Les
variations des reactions d'appuis mesurees sont modulees par les
variations journalieres de la temperature du beton. Celles-ci sont
surtout dues ä 1'ensoleillement qui provoque un gradient thermique
entre les parties superieure et inferieure du tablier ; ce gradient
amene une deformation differentielle des fibres longitudinales des
hourdis et des ämes d'oü variations de courbure de l'ouvrage et
redistribution des reactions entre les piles et les cuiees. Le
calcul des variations de reactions imputables ä ce phenomene
thermique est possible si l'on connait la distribution des temperatures
dans une section. On a donc place convenablement des sondes thermiques

qui renseignent ä chaque instant sur la temp§rature du beton
et permettent d'etablir des corrections aux mesures de reactions
sur cuiees.

Les courbes de la fig. 5 resument les mesures dejä effectuees.
Apres correction les courbes presentent une allure assez reguliere

3. 44 Vorbericht
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ascendante (8 tonnes pour 1 an) qui peut etre due ä 1'adaptation de
l'ouvrage par fluage relaxation. L'interpretation de ces resultats
ne fait que dibuter et ne sera serieusement engagee que lorsque
les mesures auront ete faites sur un laps de temps süffisant (2 ans
environ).

Parallelement, l'influence de 1'ensoleillement sur l'ouvrage a
ete gtudiee par des campagnes de mesures continues s'etendant sur
24 heures au moins. Au cours de l'une de ces campagnes des variations

de 24 % de la reaction sur cuiee ont ete constatees (fig. 5
11 s'agit probablement d'un cas extreme pour cet ouvrage mais des
variations journalieres de 15 ou 20 % sont courantes l'ete. De
telles constatations incitent assurSment ä la riflexion car
l'ouvrage de Champigny n'est pas exceptionnel par sa Situation geogra-
phique et nombre d'ouvrages de meme type doivent subir des conditions

climatiques plus severes.

5.2.2 Pont de Tourville (sur la Seine)
Une etude analogue ä. celle concernant le pont de Champigny a

ete recemment entreprise sur un ouvrage en Beton Precontraint ä 3

travees continues de 60 — 90 ~60 m mais d'inertie variable.
Des pesons hydrauliques sont disposes sur les cuiees et la

reaction par cuiee est de l'ordre de 2000 KN. Les mesures ont
dibute en Mai 1971 et il est trop tot pour en donner des resultats
interessants.

RESUME

Un dynamometre hydraulique tres sensible, sans derive, et de
haute fiabilite a ete mis au point pour les mesures de reactions
d'appuis des ouvrages.

Deux types d'applications en ont ete faites :

1) Modele de Pont Mixte Studie en hall d'essais -
Etude du retrait de la dalle de beton et des effets d'une
denivellation d'appuis.

2) Ouvrages en beton precontraint : Champigny-sur-Yonne et
Tourville.
Etude de la redistribution des reactions d'appuis due ä

1'adaptation par fluage-relaxation de l'ouvrage.
Etude de l'influence des gradients thermiques sur la valeur
des reactions d'appuis.
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Aerodynamic Behaviour of the Cable Stayed Bridge Toyosato Ohhashi

Comportement aerodynamique du pont haubane de Toyosato Ohhashi

Aerodynamisches Verhalten der seilabgespannten Toyosato-Ohhashi-Brücke

I. KONISHI S. KOMATSU H. INOUE
Prof. Dr. Prof. Dr. Chief of Bridge Department

Department of Civil Engineering Department of Civil Engineering Osaka City, Japan
Kyoto University, Japan Osaka University, Japan

Abstract
This paper describes the aerodynamic behavior of a cable-stayed girder bridge.

The wind tunnel experiment was conducted at relatively large Reynolds numbers by
using a sectional model, which was 1/20 scale of a prototype.

The results show that the cable-stayed girder bridge with a trapezoidal
closed cross section is always stable against a horizontal wind. However, some
restricted motions could occur in an inclined wind to a horizontal direction with
a comparatively low wind velocity and not so large amplitudes.

To make clear the aerodynamic behavior of the prototype in turbulent flow,
the Observation of atmospheric turbulences at the site where the prototype was
constructed has been continued. By analyzing the structures in the atmospheric
turbulence, it was recognized that the restricted motions, which had been
observed in the wind tunnel experiment by using a smooth flow, would not occur
in the prototype which was subjected to a natural wind fluctuating at random.

1 Introduction
The authers have been concerned about the response of flexible structures

to a wind. Such structures as Suspension bridges, tall Stacks and cable-stayed
girder bridges are known to be vulnerable to the effect of a wind. It has been
known that a large number of bridges and Stacks were damaged or destroyed by
winds. Especially, the failure of the Tacoma Narrows Bridge which is a Suspension
bridge having a main span 853 meters long is known to be a remarkable aeeident.
This bridge was destroyed by twisting vibrations which oecurred at a relatively
low wind speed of 19 m/s. After this aeeident, many treaties on aerodynamic be-
haviors of Suspension bridges were presented.

F. Bleichl) suggested that the aerodynamic instability of Suspension bridges
showed a flutter as experienced with the wings, and applied to the Suspension
bridges the general theory previously applied to an aeroplane by Theodorsen and
others. Kany studies have been done since Bleich presented his report. According
to the fact that in most cases Suspension bridges have complex cross sectional
shapes compared with wings, experimental values can not agree well with the
theoretical results.

Recently, G. V. Parkinson2' has suggested that a gallopping oscilation of a
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prismatic bar is to be considered as a nonlinear self-exited oscilation. And he
stated that this theory well fit the experimental result for bluff cross section
like The Tacoma Narrow Bridge.

The above-mentioned studies are mainly concerned with the aerodynamic
stability of Suspension bridges in a smooth flow. On the contrary, it has been
pointed out that the effect of a turbulence of a natural wind must be considered.
A. C. Davenport3) has applied a noise theory to determine the response of a
Suspension bridge in a turbulent flow.

The aerodynamic behavior of a bridge is different from each other, because

it has different cross sectional shape, dimensions and dynamic characteristics.
So, none can predict exactly its behavior without carrying out a wind tunnel
experiment.

The authers conducted a wind tunnel experiment to investigate the aerodynamic
stability of a cable-stayed girder bridge, Toyosato Ohhashi Bridge. (Fig. 1).
Catastrophic motions and restricted motions were observed in this experiment.
It was concluded that the formers appeared at so high wind velocities and the latters

would not occur in a natural wind.
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Fig. 1 General view of Toyosato Ohhashi Bridge

2. Wind Tunnel Experiment

2.1 Model
To perform a wind tunnel experiment, such a sectional model as indicated in

Fig. 2 was selected. The model was reduced to 1/20 of the prototype. It
consists of two kinds of parts, one is the moving model of 2.5 meters long (4 in
Fig. 2). It has a supporting shaft along the center axis of the model (2 in Fig.
2). The other parts are end plates and dummy models of O.I meter long (1 and 3

respectively in Fig. 2). The existence of the end plates and dummy models will
be useful for eliminating three-dimensional effects of a wind stream.

The model was manufactured minutely so that it might resemble the prototype

in detail, and its weight and moment of inatia were 68.8kg and 65.8kg.cm,
see. respectively.
2.2 Test Procedures

The model was supported horizontally in the wind tunnel by using eight coil
Springs so as to move vertically in the plane of the tunnel cross section and
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Fig. 2 Prototype and its wind tunnel
model.

rotate about the supporting shaft and
fixed by piano wires not to move windward.

Natural frequency of the vertical
Vibration of the model was varied

by changing a spring constant, and
natural frequency of the rotational
Vibration was varied by changing a
distance between the opposite Springs.
Structural damping of the model was
varied by using magnet dumpers, changing

an intencity of magnetic forces
and a location of the dampers, and
damping coefficients of the both of
vertical and rotational Vibration were
controlled freely.

Accelerations and displacements
of the vibrating model were measured
by accelerometers of wire strain gauge
type and linear transformers,
respectively. Wind pressures were
measured by an alcohl manometer.

The tests were conducted at Reynold's numbers of 1.0xl05/2.0xlO^, which were
considerably higher than at ordinary dynamic tests.

Static tests were conducted at constant Reynold's numbers of 6.7x105 and
l.OxlO6.

The typical examples of the dynamic tests are shown in Table 1.

2.3 Test Results
(a) Static Tests

The drag, lift and moment coefficients of air forces were calculated with
measured data. There are no significant differences among each coefficient which
is obtained at the different Reynold's number. These coefficients of the air
forces are compared with the other types of models, namely a truss type and a

wing type as indicated in Fig. 3.

(b) Dynamic Tests
i) Catastrophic Vibrations

When an angle of attack for the
model is zero degree, no catastrophic

Vibration can be observed in all
the ränge of wind velocity,
corresponding test numbers are A-l, 2, 3

in Table 1. When the angle of attack
exists, catastrophic vibrations occur
at relatively low wind velocities,
corresponding test numbers are B-l, 2
and C-l, 2, 3, 4 in Table 1.

ii) Restricted Vibrations
When the model has a positive

angle of attack, vibrations are
observed at lower wind velocities
than the velocity at which the
catastrophic vibrations occur. These
vibrations disappear when the wind
velocity increases to some more high Fig.3 Coefficients of air forces com-
values. These phenomena are so cal- pared with the other types of

bridge sections.
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led "restricted vibrations". Amplitude response curves of these phenomena are
shown in Fig. 4 (a) and Fig. 4 (b).

Table 1. Summa ry of tests and results
Test

number deg.
N,z

c/s
Nß
c/s

Vc
m/s

Uz
m/s

Tz
see m/s

Ttv
see

Sz S8

A-l 0 4.28 5.25 119 - - - - - -
A-2 0 3.08 3.82 108 - - - - - -
A-3 0 3.11 3.27 200 _ _ _ - - -
B - 1 3 4.25 5.25 67 4.3 480 24 100 0.18 0.17
B - 2 3 5.00 5.22 52 4.1 400 17 105 0.18 0.17
C - 1 5 1.30 2.66 72 4.6 169 30 55 0.11 C.15
C - 2 5 3.07 3.83 59 4.0 250 31 - 0.11 0.14
C - 3 5 3.08 3.16 46 4.1 244 38 51 0.11 0.15
C - 4 5 3.10 2.57 86 4.8 185 31 - 0.11 0.19

Note: Nz, Ne
Vc

Vz,
Tz,

V-S

TO

Sz, So :

Suffixes

Frequency of model.
Critical Velocity for catastrophic Vibration.
Wind Velocity at which restricted Vibration occur.
Time during which amplitude of restricted Vibration is
growing.
Strouhal number of model.
and 6 indicate vertical and rotational vibrations
respectively.

It is well known that in case of
the catastrophic Vibration, the amplitudes

grow rapidly in a short time to
catastrophic magnitude from a rest
position. On the contrary, the
restricted vibrations observed in these tests
were mild. It took a very long time
to attain to stationary amplitudes.

The vertical or rotational
Vibration appeared independently
with proper natural frequency. In
some cases the both vibrations were
observed at the same time, each
frequency of the both vibrations were
near its natural frequency and not
combined together.

The damping coefficients of the
model were changed and the corresponding

response curves are shown in Fig.4
(a). The amplitudes decrease as the
damping coefficients increase, but no
strong relation between the amplitudes
and the damping coefficient can be
found in these tests.

The wind velocity at which the
restricted Vibration attains its
maximum stationary amplitude is
different in each test which has a
different natural frequency and an^le
of attack. If the Strouhal numbers
of the vibrating model are defined
as follows: S=Nh/V, where N is vertical

or rotational natural frequency
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of the model, h shows horizontal projection of a height of the model and V is wind
velocity at which the amplitude response attains the muximum value. In cases of
angle of attack <K =5°, corresponding test numbers are C-l, 2, 3, in Table 1, the
Strouhal numbers are S £ 0.17 for the rotational vibrations and S * 0.11 for the
vertical vibrations respectively. In cases of angle of attack «.=3°, corresponding

test numbers are B-l, 2 in Table 1, the Strouhal numbers are S £ 0.17 for
the both of the vertical and rotational vibrations.

K. Klöppelt and T. Yamaguchi5) measured the Strouhal numbers of the models
whose cross sectional shapes were similar to the model handled in this paper.
They showed that the Strouhal numbers of the models were about S 0.12. Their
models were simply designed and made of wooden plates, on the contrary the model
herein was closely resembled to a prototype having handrails, wheel guards, etc.
According to the cross sectional shape of the models, the frequencies of wake
voltices discharged from the models seem to be different from each other sensi-
tively. Those of the model herein were slightly higher than those of their
models, and the Strouhal numbers of the model herein were slightly enlarged.

3. Safety of Prototype

3.1 Critical Velocities for Catastrophic Vibrations
From the previous section the critical velocities at which the model caused

catastrophic Vibration were obtained. The models were arranged to satisfy the
aerodynamic similarity, so the critical velocities of the model prototype could
be calculated from those of the model. The critical velocities of the prototype
are shown in Table 1. In cases of angle of attack °<!=0°, the critical velocities

are very high. If a safety factor for the critical velocity of a catastrophic
Vibration is assumed as f 1.2*), the allowable maximum wind velocity is

estimated from the critical velocity in Table 1 to be Va=Vc/f=Vc/l.2 In cases
of angles of attack «=3° and oi =5°, the critical velocities are relatively low
compared with a stormy wind velocity.

It will be necessary to examine if such critical velocities are dangerous
for the prototype or not. It is useful to apply the relation^) between angle of
attack and velocity of a natural wind observed at the Severn Bridge in England
and the Akashi Narrows Bridge in Japan to examin the above question. (Fig.5).
According to the results of the above observations, the maximum wind velocity
drops as the angle of attack increases, the maximum wind velocities are found to
be 27 m/s and 10 m/s for the angles of attack of the wind<x=3° and 5° respectively,

where the velocities are the average values during 30 seconds.

The prototype has been constructed at an open field, so that the above-
mentioned fact is applicable to this case. Namely, the prototype does not
cause a catastrophic Vibration corresponding to the model which has a positive
angle of attack.

*) This value is specified at "Standard Specification for the design
of the Honshu-Shikoku Renrakukyo (Long Span Suspension Bridge)
against wind" 1967 (in Japanese).

3.2 Safety against restricted Vibration

It has been studied that a restricted Vibration appears at a very low wind
velocity, for example a vertical Vibration occurs at the wind velocity V 4m/s
if a natural wind flows having a positive angle of attack <X =5°.

The amplitudes of restricted vibrations of the prototype were predicted
from the experimental data, using the theory by F. B. Farquarson' /, The theory
is based on the following assumption that the aerodynamic damping in the wind
of a given velocity can be expressed by a power series equation of amplitude.
The amplitudes of the prototype predicted with the above theory are shown in
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Table 2. In this calculation a Vibration mode of the prototype was assumed to
be of the first mode. In cases of vertical vibrations the amplitudes of the
maximum fiber stresses are not so large, and in cases of rotational vibrations
the amplitudes of the maximum shearing stresses are relatively large, however
the corresponding wind velocities at which the amplitudes attain the maximum
values are higher than those of the vertical vibrations.

Table 2. Maximum amplitudes and stresses of prototype due to
restricted vibrations and corresponding wind velocities.

Test
number deg

Vertical Vibration Rotational Vibration
>/ max

cm
tr- max2
kg/cm m/s

& max
deg

T max
kg/cm m/s

R-l ¦, 2,6 32 ^,2 0,36 3W 30
B - 2 3 5.1 62 4.6 0.28 244 30
C - 1 5 14.5 177 7.6 0.80 700 34
C - 2 5 13.9 170 8.3 - - 40
C - 3 5 11.0 134 8.1 0.38 311 37
C - 4 5 11.6 141 8.5 0.52 455 30

As indicated above, the vertical restricted vibrations occur at very low
wind velocities when the wind has an angle of attack. It is doubtful if the
prototype actually vibrates in a natural wind as indicated in the next section,
because the natural wind flows horisontally in average for time and space at
an open field, and has an angle of attack fluctuating positively and negatively
at random with a relatively high frequency. On the other hand, the restricted
vibrations grow very slowly, it takes more than 100 seconds long to attain the
maximum stationary amplitude from the rest position in the cases of the vertical
vibrations.

4. Aerodynamic Behavior of Prototype in Turbulent Flow

To see whether the above assumption is true or not, the observations of
natural wind have been made at the point
where the prototype was constructed, and
at the same time the behavior of the
bridge due to wind has been obser-ved.

No restricted Vibration has been
able to be observed so far. Vertical
components of the wind were analyzed
with the observed data. One of these
is shown in Fig.6, in which the füll
lines show the theoretical values
calculated from the power spectrum of
vertical component of a wind proposed
by H. A. Panofsky and R. A. McCormicÖ).
This figure shows the maximum angle of
attack of a wind as a function of time
during which an angle of attack is
averaged. In this case the mean wind
velocity is about 10 m/s. The angle
of attack of a wind decreases as the
time increases.
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It can be concluded that a wind
does not continue to flow in the
constant direction at negative or positive

angle of attack for a long time,

Fig.5. Wind velocity and angle
of attack.
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and such a wind can not develop
a restricted Vibration at all.
That is to say, it is recognized
that there is no natural wind
which enables the prototype to
cause the restricted Vibration
which was observed in the wind
tunnel experiment.

5. Conclusions

The following results could
be obtained from the wind tunnel
experiment concerning to the
cable-stayed girder bridge.
(1) When no angle of attack of
a wind exists, this type of
bridge is considerably stable in
terms of an aerodynamic stability.
(2) When a positive angle of
attack of stationary wind exists
the model gives rise to the
restricted vibrations at very low
wind velocities.
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Fig. 6 Maximum angle of attack of natural
wind.

(3) Both vertical and rotational
amplitudes of the restricted vibrations of the prototype in the stationary wind
were predicted. As a result, it was found that these amplitudes would not grow
to a significant quantity.
(4) It takes more than 100 seconds for the Vibration to attain a maximum
stationary amplitude from its rest position in case of vertical Vibration of the
prototype.

(5) From the field measurements, it was found that a natural wind could not
cause the restricted vibrations. Besides, no Vibration of the prototype has
been observed up to now.
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Summary

Zu make clear the aerodynamic characteristics of a cable-stayed bridge
(Toyosato Ohhashi Bridge) with trapezoidal cross section, the wind tunnel
investigation has been carried out using two-dimensional model with linear
scale of 1:20 in comparatively high Reynold's number.

The investigation has shown that the aerodynamic instability will not be
induced in high wind which may be experienced at the site of actual bridge.

The small stationary amplitude vibrations, so-called restricted vibrations,

grew up slowly in smooth airflow inclined upwards 5 degrees to
horizontal. However, it is recognized from studying the three-dimensional effect
of actual bridge that the restricted Vibration may not be considered to occur
in turbulent airflow such as natural wind which has been measured at the site.
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