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"Measurements and interpretation of dynamic loads on bridges"
Final report ECSC-contractnr. 7210~-KD/606.F4.6/80

Summary

This report describes the first and second phase results of
measurements of traffic loadings on three Dutch steel high-
way bridges and the induced stresses. The aim of this
investigation is to study the relation between traffic,
traffic loadings and stresses in bridge components in order
to allow a better fatigue analysis of bridges. The research
program is part of an European program in which Belgium,
France, CGermany, Great Britain, Italy and The Netherlands
were participating. The project was financially supported

by the European Coal and Steel Community.



"Mesures et interpretations des charges dynamiques dans les
ponts"
Rapport final 2é&me phase, CECA-convention 7210/606.F4.6/80

Resume

Cet rapport presente les resultats de la lére phase et la
2éme phase de mesures des charges de la circulation sur
trois ponts d'arcier hollandais et des contraintes causées.
La but de cette recherche est l'etude de la relation de la
circulation des charges de la circulation et des contraintes
dans les elements constitutifs des ponts pour obtenir une
analyse meilleure de la fatigue des ponts. Le programme de
la recherche est un element d'une programme Européenne dans
le quel prendent part la Belgique, la France, l'Allemagne,
l'Angleterre, 1l'Italie et les Pays Bas. Une assistance
financiére avait obtenu de la Communauté Européenne du

Charbon et de l'Arcier.



"Messung und interpretation der Verkehrsbelastungen wvon
Stahlbricken"
Schlussbericht Zweite Phase, EGKS-Konvention 7210/606.F4.6/80

Zusammenfassung

Dieses Bericht prdsentiert die erste und zweite phase
resultaten der Messungen von Verkehrslasten und der Bean-
spruchungen an drei holl&dndischen Stahlbriicken.

Das Ziel von diese Forschungsarbeiten ist die Untersuchung
nach die Beziehung zwischen die Verkehrslasten und die
Beanspruchungen der Brlickbauteile um der Widerstandsfdhig-
keit gegen Ermiidung von Stahlbriicken besser zu kdnnen
analysieren. Das Forschungsprogramm ist ein Teil von das
europdischer Programm wo die in Belgien, Frankreich,
Deutschland, Grossbritannien, Italien und den Niederlanden
vorgenommenen Untersuchungen wurden koordiniert.

Das Project wurde durch die Europdische Gemeinschaft fir

Kohle und Stahl finanziell unterstiizt.






1. Introduction






INTRODUCTION

For years bridges have been designed using existing codes
derived mainly from the behaviour under static loading.

A lot of data available from laboratory tests have imoroved
the knowledge about stability and static strength of connec-
tions. The ratio between traffic load and dead load,
however, is increasing in modern steel bridces due to lower
dead loads and higher design stresses. This leads to the
conélusion that a fatigue analysis of bridges becomes more
and more important. A

The fatigue behaviour of a bridge component is influenced

by many parameters such as notches (stress concentrations),
steelqualities (including heat affected zones due to welding)
and corrosion. A very important factor however, is the
variations in stresses which the bridge component will see
during life. These irregulary varying stresses (stress time
history) have to be known and interpretated before they can
be used for fatigue life estimates. The knowledge about
stress-time histories is hard to get from calculations. Even
when the stress induced by a certain load on a certain place
is well-known, the lack of information about the load-time
history in combination with the lateral distribution of the
loads on the bridges will make it impossible to calculate
stress time histories.

On the other hand measurements of only stress—-time histories
will be a wast of time and money.

Measurements during long times would be necessary and even
then future changes in traffic can not be taken into account.
Therefore in this investigation traffic, traffic loadings and
the induced stress-variations have been measured to be able
to study the relations between them.

As stated above stress time histories have to be interpre-
tated before they can be used for fatigue life estimates.
There are a number of different methods available to do this
on a statistical basis. Most widely used are the counting
methods from which stress-spectra can be derived. In this

report the rainflow and level crossings methods are used for



analysing stress—-time histories.

These stress-spectra cannot be used directly for bridge
design. They have to be compared with static stress
expectancy and extrapolated and corrected for the traffic,
the bridge will see during life, with help of the above

mentioned relations.

In 1976 the ECSC-Executive Committee F4 installed a
working group cailed "Dynamic loads on bridges" which
overall objective is to derive improved and simplified
analysis of the traffic induced stresses in steel bridges
for the purpose of design against fatigue. The countries

)

participatingl executed a coordinated researchprogram
The final reports of the first phase were presented in

1979 (see Ref. 6-1).

The results of the Dutch contribution to the second phase

of the researchprogram are presented in four technical

progress reports (1-7-1980 until 1-7-1982) (see Ref. 6-2).

This final report deals with the complete Dutch contribu-

ion to the first and second phase of the European inves-

tigation consisting of:

- measurements of the traffic and classification of the
data

- measurements of the stresses in some bridge components;
analysis by means of rainflow and level crossings methods;

- recording of the influence planes statically as well as
dynamically

- calculation of the influence planes

) Participating institutes:

- Transport and Road Research Laboratory - Crowthorne

- Laboratorium fir Betriebsfestigkeit - Darmstadt

- Laboratoire Central des Ponts et Chausées - Paris

- Université de Li&ge, Institut du Genie Civil - Lié&ge

- Universita di Pisa, Laboratoria Officialle par le
experience dei material da Construzione - Pisa

- Technische Hogeschool Delft, Stevin laboratorium -

Staalconstructies = Delft



(these subjects will be treated in chapter 3 of this

report)

- extrapolation of measured axle loadspectra and stress-
spectra

- fatigue loads of vehicle types, axle loads and stress-
data

- damaging potential of the population of commercial
vehicles, axle loadspectra and stress-spectra

- fatigue life expectance calculations using the regulations
for calculations of fatigue loaded welded joints in the
Netherlands

- relationship traffic-data to stress-data; the effect of
temperature of asphalt surfacing; relative contribution
of front and rear wheels to fatigue damage

(these subjects will be treated in chapter 4 of the report).

More detailed information about the meéasurements (shorter
periods, other traffic circumstances and the like) on the

three bridges is given in the detailed reports (see Ref. 6-3).






2. Bridge descriptions and location of the measuring points.
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BRIDGE DESCRIPTIONS AND LOCATION OF THE MEASURING POINTS

Introduction

Three bridges have been chosen which satisfy the following
criteria:

- a single carriage way bridge

- a bridge with two lanes only

- a bridge with a simple structural system

= a bridge in a road where the traffic pattern is not

disturbed by exits or entrances close to the bridge.

The first bridge is situated in highway 44 crossing the
river "Oude Rijn" at the "Haagsche Schouw".

The second bridge called the "Rheden Bridge" is crossing
the river "IJssel" near Arnhem in highway 12.

The "Leiderdorp Bridge" situated in highway 4, also crossing

the river "Oude Rijn" is the third measured bridge.

Haagsche Schouw Bridge

This bridge consists of two parallel indepent movable
bascule bridges. The west bridge was chosen for serving
the southbound traffic (Amsterdam to the Hague).

The structure is composed of two main steel girders and a
number of cross girders with longitudinal stringers on top.
The deck is made of wooden boards with an asphalt top layer.
Figure 2.1.1 on page 2-6 shows some dimensions of this

bridge.
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In a cross-section, various straingauges were applied in
order to determine the distribution of the stresses in that
cross-section (see figure 2.1.2. on page 2-7 ). From this
it appeared that the stress-pattern in the upper flange is
disturbed by secondary effects such as transverse bending

of the flanges. Therefore the definite measurements were



made with straingauges only applied on the bottom flanges.

At each measuring point four active straingauges were used
and combined in such a way that the resulting measured value
is not sensitive to variations in temperature and transverse
bending of the girder (complete wheatstone Bridge see fig.

2.1.3. on page 2-8 ).

Figure 2.1.4. on page 2-9 give the location of the measuring
points. The numbers 1, 2 and 3 on a cross-girder, the num-

bers 4 - 21 on various stringers.

It appeared that the analysis of the stresses in points 1
and 4.12 gave a lot of problems due to the dynamic response
of this bascule bridge. For that reason only the points

2-3 and 13-21 were measured permanently.

Rheden Bridge

= e o e e e o e o > = =  — —  — — —

This bridge consists of two parallel ihdependent bridges.
The south bridge was chosen for serving the eastbound
traffic (Rotterdam to Oberhausen).

The main structure is composed of two main steel girders
with five spans (45 + 50 + 105 + 50 + 45 = 295 meters) and
a number of cross girders which are welded to the steel
deckplate.

The longitudinal stringers are stiffners of the deckplate
(orthotropic deck) which has an asphalt top layer.

Figure 2.2:1. on page 2-10 gives some dimensions of this

bridge.

Just as the "Haagsche Schouw Bridge" the straingauges were
attached to the bottom side of the longitudinal stiffners
and one cross girder. |

Figure 2.2.2. on page 2-11 shows the location of these

measuring points. The number 1 and 2 on a cross girder,



the numbers 3-18 on various longitudinal stiffners.
The measuring points 3-10 at a midspan point and 11-18 at
the point where the continuous stringer is supported by

the cross girder.

Leiderdorp Bridge

This bridge consists of two parallel indepent movable
bascule bridges. The west bridge was chosen for serving
the southbound traffic (Amsterdam to the Hague and
Rotterdam) .

The structure is composed of two main steel girders and

a number of cross—-girders. On top of this primary construc-
tion a secondary orthotropic deckplate construction is
bolted (see figure 2.3.1. on page 2-12). This secondary
construction is a replacement for the structure as given
in figure 2.3.2. on page 2-12, where on top of the cross-
girder several longitudinal stringers and a deck made of
wooden boards was fixed.

More about the constructive performance of the present
structure and some dimensions of this bridge are given

in figure 2.3.3. on page 2-13.

All the straingauges were applied on the orthotropic deck-
plate construction. At each measuring point four active
straingauges were used and combined in such a way that the
resulting measured value is not sensitive to variations in
temperature and transverse bending of the girder.

Figure 2.3.4. on page 2-14 give the location of the measuring
points on various longitudinal stiffners of the deckplate and

on various cross—girders of the deckplate.
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3. MEASUREMENT OF TRAFFIC LOADS AND STRESSES IN THE BRIDCE
STRUCTURES

.1. Introduction

This chapter of the final report contains results of

measurements on three Dutch bridges.

Installed weighbridges and magnetic coils recorded the
traffic in terms of axle loads, axle distances, vehicle
length, vehicle speed and vehicle intervals. The lorries
were classified according to their number of axles in 19
types of which 5 types are dual lorries subdivided into
different axle distances.

Installed straingauges on several stringers and cross

girders recorded the stresses in the bridge structures.

A computerprogramme was made to record the traffic loads

and inductive loop output and to detfect the peakvalues of
the measured stresses. Other computerprogrammes were made
to arrange the data in a convient order (statistical process)

with the help of the laboratory computer.

The relation between the load on the bridge deck and the
stresses in the measuring points has been recorded by
measuring the influence planes statically as well as dyna-

mically.

For one bridge the measured and calculated static influence
planes are compared together and an investigation took place
to deduce the traffic from the peakvalues of the measured

stresses on the bridge. |Ref. 6-4]|
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Instrumentation

Measurement of vehicle characteristics

To determine the features of the traffic weighbridges and
inductive loops have been installed in the pavement behind
the bridge (see figure 3.2.1. on page 3-9 ).

The weighbridge in the slow lane measures the wheelloads

of the righthand wheels of the vehicles in that lane and
the weighbridge in the fast lane measures the wheelloads of
the lefthand wheels of the vehicles in that lane.

The demands on the flatness of the road in the vicinity of
a weighbridge are rather high. Therefore it is doubtfull
whether one will always succeed in installing a good
functioning weighbridge close to the bridge.

Besides, measuring with weighbridges has more disadvantages
namely the high costs and the hampering of the traffic in-
volved with the installation and maintance of the weigh-
bridges as well as the alterations in the traffic flow
between the measuring points on the bridge and the weigh-
bridge. Therefore an investigation has been done to deduce
the static axle loads, from the measured stresses in the

Haagsche Schouw Bridge. |Ref. 6-4].

Weighbridges (loads, lateral distribution)

The weighbridges consits of a steel frame iﬁ which two
steel measuring plates are fitted. The steelframe is held
by resinmortar in a pocket cut-out in the asphalt pavement.
The deflection of a weighplate is proportional to the wheel
load exerted. It was measured with straingauges.

The traffic distribution in the lateral distribution was
determined coarsely by detecting loads in the fast and
slow lane while a fine determination was made using the
measurings of the stresses in the longitudinal girders or

stiffners of the bridge.
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The weighbridges were recommended by the Government
Laboratory for highway designs and installed under their
supervision. Figure 3.2.2. on page 3-9 shows a weighbridge
as installed while figure 3.2.3. on page 3-10 gives the

dimensions of it.

Inductive_loops (speed, vehicle length, axle distance)

An inductive loop consists of a copper wire, placed in a
groove in the pavement which is then filled with a resin

mortar.

When a vehicle passes over the loop the reactance of the
loop changes. The speed and length of a vehicle can be
determined from the difference in time of passing two
subsequent loops and their distance apart.

The distance between two vehicles can be determined from
the difference in time of the loop being passed over and
the vehicle speed. The axle distance can be determined
from the vehicle speed and the difference in time of

touching the weighbridges by the wheels.

The "Dienst Verkeerkunde" of "Rijkswaterstaat" installed

two inductive loops in each lane. Figure 3.2.4. on page

3-10 shows four inductive loops as--installed.

An alternative method to determine the axle loads

e e e e = o e D S o e e o T D e D S e e e D O e D e e S e e e e e e S

From figure 3.2.5. on page 3-11 appear, that every passing
of an axle causes a maximum in the measured stresses. Such
a maximum is mainly determined by the magnitude of the
static axle loads.

Deviations will occur due to:

a. dynamic effects of the bridge

b. dynamic effects of the vehicle

c. presence of other vehicles

d. lateral position of the vehicle

e. width of the track of the vehicle.
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From mentioned research appears that the volation between
the axle loads and axle distances of a passing vehicle, an
influence plane of the bridge structure and a signal gene-
rated by a transducer can be presented by a convolution.

The axle loads and axle distances can be solved from this

by means of inverse filtering. This method is rather
laborius, because the detection has to take place on line,

a simplified solution has been searched for.

It appeared that the influence of the lateral position of
the passing vehicle on the measured results can be minimized
by weighing and summing the signals of several transducers.
For this method of detection it is necessary to know several
influence planes. The determination of these plane appear
to be very difficult as a cause of practical and theoretical
limitations.

Reasonable usefull results were obtained by approminating a
solution of an overdetermined system by the last square
method.

Finally can be concluded that the method to detect the
traffic depends on the measuring situation and the construc-
tion of the bridge.

Measurement of stresses

At each measuring point on the bridge structure, four active
straingauges were positioned and connected in such a way
that the resulting measured quantity is not sensitive to
variations in temperature and transverse bending of the

girder (complete wheatstone bridge see chapter 2).

The data aquisition system was based in the Raytheon 704
mini computer. The addition of a highspeed reader and high
speed punch increased the possibilitiés-e.g. greater data
storage.

A computerprogramme was made to record the traffic loads and
inductive loop output and to detect the peakvalues of the
measured stresses. Al these quantities were recorded on

punch tape.
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Other computerprogrammes were made to analyse ‘the signals

and to arrange them in a convient order

process,

see chapter 3.3) with help of the laboratory

computer.

(statistical

Figure 3.2.6 on page 3-12 shows the block outline of the

measuring system and figure 3.2.7 on page 3-13 shows the

measuring lorry including the measuring system and his own

current supply.

List of figures

w W w w
P

w

N NDNDN
s & s a

O = W N
S R

[e)}

Weighbridges and inductive loops
configuration

Photograph of an installed weighbridge
Dimensions of a weighbridge

Photograph of instalted inductive loops
Digitalised recording of measuring
point 14 of the Haagsche Schouw Bridge
Blockoutline of the measuring system

Photograph of measuring equipment

Page

3=9
3-10
3-10
3=-11

3=12
3-13



DIVIDER

' ! [:::} FAST LANE
DRIVE DIREGTION .
5 : [:::::} [::::J | o

2
g 8
S MAGNETIC _COIL
: - UNWelcuaringe
|55, 125 150 _ 100 150 _ EMERGENCY LANE
SHOULDER :

Weighbridges and inductive loops configuration

Figure 3.2.1

Photograph of an installed weighbrige

Figure 3.2.2



—
&

L
R

)
Pty
IR

7.8
. ,_ L65/508

“ril RESIN MORTAR
9

58

Dimensions of a weighbridge

Figure 3.2.3

Photograph of installed inductive loops
Figure 3.2.4.




-1200

400 1200 2000

~ =400

2009

1200

400

-400

w
|

11

... An A

}
i 2
V 20C0 400 a0

a0 o goead 1200\ Mf 18dd |
. i *»MSC=TYD

| Lo s

400 g0/ 1?@0\ J.e:oc\ 7 &ooo @00 &Aoo
, | “MSC=TYD

Digitalised recording of measuring point 14
on the. Haagsche Schouw Bridge
Figure 3.2.5



—
ne=-==--0

—
=——

w

9°z"¢ °Inbtg

sense lipe

pulsgenerator
H . int sense - switches
Seasuring poInts amplifier + 04-- - —-13
Y ) ﬁ]te 1 1
: 0 D-A
. E sanple/hold anplifier Computer Convertor
© low level ‘ Multiplexgr . Raythéon 704
15 5 DATA | —————
Lol LA, o
16 Convertor
High Tlevel 3l K
| Teletype
upt -
control
STart N
control can nr. [
1 =——>~' Digital
output

hand control

uritten
output +
cancel nr.

uU93sAs burtansesu

Y3 JO SUTTINO 00Td

¢T-¢



Photograph of the measuring equipment

Figure 3.2.7



3.3. The processing of the data

3.3.1.1. Type_classification_of_ vehicles

To arrange the traffic data in a convenient order, the
vehicles are grouped into types according to their number
of axles as given in figure 3.3.1. on page 3-18.

In group 1 all vehicles are placed, which do not belong to
other groups. All vehicles with two axles but with diffe-
rent axle distances are classified in groups 16 up to and
including 20.

In group 21, all two axle vehicles are placed which have

only one axle greater than 8 kN.

3.3.1.2. Preliminary data_analysis

Each punch tape containing the measured quantities has been
analysed according to the mentioned system of vehicle
identification in periods spanning a train of vehicles which
are less then 300 m apart. '

Figure 3.3.2. on page 3-18 shows a part of the preliminary

analysis of the traffic data.

3.3.1.3., Statistical process of the traffic data

3.3.1.3.1. Axle load code and axle distance code

All axle loads are denoted by two numbers. The first one
of which represents the class the vehicle belongs to.

The second indicates the number of the wheel counting from
the front of the vehicle to its rear.

When the later is a zero obviously it is not a wheelnumber
but the figure to which this number pertains is the-average
of axle loads of the specified type.

Just as the axle loads, the axle distances are grouped both
into classes according to their magnitude and to their
location between axles.

Both, axle load codes and axle distance codes are indicated

in figure 3.3.3. on page 3-18.
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8.3.1.3.3,

3:3:1.3.4%,

Freguency_ distributions_of axle loads g

The frequency distributions of axle loads are divided over
eight frequency distribution tables and two cumulative

relative frequency curves (see table III.3.1l. on page 3=19) «

The numbers of axle loads of a specific type andrmagnitude
are tabulated over 80 axle load classes with a maximum of
160 kN. At the bottomlines of the columns the sum of the
vehicles of aAspecific type and the mean and standard
deviation of the columns are given. A sum of all measured
axles per lane with a specific class of magnitude are given
in the column headed "sum" of table 4 and 8(see table

IIT:3:da) s

Cumulative relative frequency curves are plotted for axle
loads greater than or equal to 8 kN for both lanes. The
loads are occumulated from the largest class to the class

of 10 - 12 kN and divided by the total value.

With a method analogues to the one used for the axle load
data, the axle distances are divided over four frequency
distribution tables (see table III.3.2. on page 3-19 ).

The axle distances determined as stated in section 3.3.1.3.1.
are grouped both into 80 classes according to there magni-
tude and to their location between the axles with a maximum

of 8.1 meter.

The numbers of commercial vehicle intervals per lane are

tabulated over 30 classes with a maximum of 145 meter.

After analysing the traffic in periods spanning a train of
vehicles which are less than 300 m apart, the measured
stresses in these periods are analysed by rainflow counting

and level crossings counting.
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All stresses are counted including the values caused by the
cars of which axle loads were not counted (< 8 kN).
Both are worked out in frequency tables and in modified

relative frequency curves.

e e e e e e s — e e D e ) e - e S e o D o e —

Applying the rainflow counting method, the load time course
is looked after a time axle directed down. AIt is considered
as a collection roofs via the rain flows down.

Following rules must be applied:

The minimum and maximum value of the load time must be
fixed. The whole course is divided in three periods namely:
1st start till fdrst extreme

2nd first extreme till second extreme

3rd second extreme till end

The load interval always starts at the innerside of a peak-
value. When the starting point of an interval is a minimum,
a half fluctuation is counted between this minimum and the
most positive maximum that occurse before the load becomes
more negative than the starting point of the interval.

When the starting point of an interval is a maximum, a half
fluctuation is counted between this maximum and the most
negative minimum that occurs, before the load becomes more
positive than the starting point of the interval.

Figure 3.3.4. on page 3-19 shows an example of the.rain flow

counting method.

Rainflow counts as well as level crossing counts are worked
out in modified relative frequency curves. Usually, of course,
a relative frequency is defined as the frequency of the in-
dividual divided by the sum of all frequencies.- Since this
definition was not used here, the word modified is inserted.

This may lead to function values greater or lower than 1.
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The rainflow counts are gathered in frequency tables and
modified cumulative relative frequency curves.

In the frequency tables the rainflow counts of a specific
measuring point are tabulated over 40 stress range classes
with a maximum of 80 N/mmz.

Modified cumulative relative frequency curves of rainflow
counts are plotted. The rainflow counts are occumulated .
from the largest class to the lowest class. The results
are divided by the number of axle loads larger or equel to

10 kN which passed over the bridge.

The levelcrossings counts are gathered in frequency tables
and modified relative frequency curves.

In the frequency tables the levelcrossings of.a'specific
measuring point are tabulated over 80 level classes with

a minimum of =59.9 N/mm2 and a maximuﬁ of +78.8 N/mmz.
Modified relative frequency curves of levelcrossings counts
are plotted. The.lévelcrossings counts are divided by the
number of axle loads larger or equal to 10 kN which passed

over the bridge.
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3.4.

1

Results of measured stresses, due to vehicles of which the

axle loads, axle distances and vehicle intervals have been

measured to

Introduction

For the three bridges about 250 hours of measurements have
been analysed. These measurements contains results of

measured stresses, due to vehicles of which the axle loads,
axle distances and vehicle intervals have been measured to.
Due to the measuring system, ten measuring points could be

measured per measuring period at the same time.

In this chapter for each of the bridges one period of
measurements, mostly the largest, is given.

Results of other periods are summarised in the detailed
appendix=-reports (see Ref. 6-3) and available at the labora-

tory.

Date of measurements

Table A-III.4.1. and A-III.4.2. on page A-1 up to A-3 of
appendix A shows the analysed hours and the date of measure-

ments of the Haagsche Schouw Bridge.

Due to roadworks the results of the Rheden Bridge had to be

split up into three main periods:

- Group A : Traffic in both, fast and slow, lanes (during
61.71 hrs)

- Group B : Traffic in the slow lane only (during 22.81 hrs)

- Group C : Traffic in the fast lane only (during 13.27 hrs)

The subdivision of these periods and the date of measurements

are given in Table A-IIT.4.3. up to A-III.4.6. on page A-4

up to A-8 of appendix A

A view of the analysed hours and the date of measurements of
the Leiderdorp Bridge are given in Table A-III.4.7. and
A-III.4.8. on page A-9 up to A-1ll of appendix A.
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The cumulative relative frequency curves of the measured
axle loads > 8 kN and the number of axle loads > 10 kN per
hour for the three bridges are given in figure 3.4.3.1. on
page 3-25. From this figure it appears that there is a
difference between the traffic distribution in the slow
lane and fast lane of each bridge. Besides that, it is
remarkeble that concerning the axle load curves of the slow

lanes, there is a lot of difference between then.

So it can be concluded that:

-1. The heavy weighing commercial vehicles are concentrated
in the slow lane

-2. The traffic distribution on the three bridges diffefs

much.

Concerning the number of axle loads > 10 kN per hour it
appears the slow lane of the Leiderdorp Bridge gets the
highest frequence (1024) against 615 on the Rheden Bridge
and 176 on the Haagsche Schouw Bridge.

The period of 82 hours of measurements on the Haagsche Schouw
Bridge is subdivided into 13 shorter periods and the period
of 62 hours of measurements on the Rheden Bridge is sub-
divided into 18 shorter periods to investigate the difference
between the results of the slow lane and the fast lane. '
Results of this investigation are available in the detailed
reports |Ref. 6-3|, only a view graphs are given in figure
3.4.3.2. - 3.4.3.5 on page 3-26 up to 3-27.

For the Haagsche Schouw Bridge it appears that 6036 axle
loads > 10 kN are enough to record the cumulative relative
frequency curves of the axle loads in the slow lane.

To obtain this curve with sufficient accuracy for the fast
lane on the other hand, it appears that this curve

-calculated after measuring 1476 axle loads > 10 kN in 82

- hours - is hardly enough to extend this graph for a longer

period.



For the Rheden Bridge 3500 axle loads > 10 kN appeared to
be sufficient to recorded the cumulative relative frequency
curves of the axle loads in the slow lane and 7964 axle
loads > 10 kN measured in the fast lane during 62 hours
appreared to be not sufficient.

Although in principle one would expect the fast lane curve
to coincide with the slow lane curve, such a result is im-

possible to obtain in a finite measuring time.

3.4.3.2. Frequency_ tables of axle loads and axle distances

Appendix B of this report gives for each of the three

bridges the frequency tables of measured axle loads and

axle distances for one period of measurements.

A view of these frequency tables is given in Table III.4.3.1.
on page 3-28.

3.4.3.3. Mean values of axle loads and axle distances

Mean values of the measured axle loads and axle distances
as they are presented in the frequency tables of chapter
3.4.3.2., are gathered for each of the three bridges in
table ITII.4.3.2. to IITI.4.3.4. on page 3-29.,

From these tables it appears that the differences between
the values for a specific type on the three bridges differs
much. So it is not possible to give for each vehicle type
unanimous values of axle loads and axle distances which are

operative for the three bridges.

3.4.3.4., Distribution of the wvehicle types over the traffic

Results of different distributions concerning the measured
vehicles on the three bridges are given in table IIT.4.3.5.
on page 3-30.

One reads:

-=1. 16 - 30% of the total traffic has axle loads > 8 kN

-=2. 10 = 24% of the traffic consists of commercial vehicles
-3. the number of commercial vehicles per bridge, amounts

93 - 305 vehicles per hour.



The distribution of the vehicle types 1-20 over the two

lanes of each bridge are given in table III.4.3.6 on

page 3-30. In this figure one reads for example:

-1. 49.1 - 92% are dual-axle lorries

-2. other frequent types are type 9, an artic, 2-axle
tractor with a 2-axle semi-trailer and type 4, an rigid
2-axle commercial vehicle with a 2-axle drawbar trailer.

-3. 44.1% on the fast lane of the Haagsche Schouw Bridge is
presented by typel7, a dual-axle lorry with axle dis-

tances between 2.6 and 3.1 meter.

The frequencies of occurence of commercial vehicles in the

slow lane of the three bridges are listed in table III.4.3.7.

on page 3-31.

Results shows that:

-1. 49 - 80% are dual-axle lorries (type 16-20)

-2. 10 - 25% are artic tractors with a semi-trailer (type
8-13)

-3. 5 - 14% are rigid commercial vehicles with a drawbar

trailer (type 4-7).

Splitting up the results into the total number of axles per
vehicle a distribution for the slow lane of the three bridges
can be given as tabulated in table III.4.3.8. on page 3-31.
It appears that:

-1l. 2—axle commercial vehicle amounts 49 - 80% |[of the total
-2. 3-axle commercial vehicle amounts 7 - 11% |number of
-3. 4-axle commercial vehicle amounts 9 - 20% |commercial
-4. 5-axle commercial vehicle amounts 2 - 13% |vehicles

-5. 6-axle commercial vehicle amounts .1 - 5%

3.4.3.5. Frequency distributions of vehicle_ intervals

The frequency distribution of commercial vehicle intervals
for both lanes of the three bridges is given in table
IIT.4.3.9. on page 3-32. The cumulative distributions of
these frequency distributions are given in figure 3.4.3.6.
on page 3-32. Information about intervals greater than

145 m is not available.



3.4.3.6.

It appears, concerning the percentage of intervals, that:

-1. 82 - 96% in the slow lane and

84
~2. 67
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=3+ 38
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93% in the fast lane > 100 m
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View of the axle load histograms and axle distance histograms
in fast and slow lane during one period of measurements on
three Dutch bridges.
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e g
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(=4
3 4 a Q{2
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35 sL 1-8
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Contents Appendix --B- of Stevinreport 6-83-6
Table III-4-3-1
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Distribution of all vehicles over the traffic
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Vehicle type distributions 1 -20 on three Dutch bridges
Table III-4-3-6
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Frequency of occurence of commercial vehicles
in the slow lane of the three Dutch bridges
Table III-4-3-7
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3.4.4.1. Bridges_studied_for_ the ECSC_research_program

Fiftheen roadbridges and three railbridges were surveyed
during the first and second phase of the research.

Table III.4.4.1. on page 3-35 shows for each bridge, the
locality, the type of deck, type of structures, span and
number of traffic lanes. The bridges were selected to
provide a variety of different structural types. The most

frequent was the type with an orthotropic deck.

3.4.4.2. Frequency curves of axle loads

Figure 3.4.4.1. on page 3-35 shows the axle load distribution
recorded for the slow lane for the roadbridges i.e. the
number of axles n. heavier than Q divided by the number of

Q
axles n heavier than 10 kN.

The maxiﬁum loads measured on  axles varied between 125 and
205 kN; these were highly variable values and always exceeded
the authorised loads.

One might nevertheless be tempted to establish three traffic

groups according to loads, i.e.:

- traffic of heavy axles occuring often in the vicinity of
ports on the continent: Rio Verde, Caronte, Saint Nazaire
and Haagsche Schouw

- medium traffic: Monthéry, Autreville, Rheden, Limburger
bahn, Leiderdorp and Forth

- ligth traffic: Manchester Road and Wye.

In conclusion, the composition of road traffic exhibits

significant variations with the country and local circum-

stances. The maximum axle loads observed also vary from
region to region, and always exceed the authorised wvalues.

In appreciating these loads, one must realise however, that

the measurements include the dynamic effects of the vehicle

itself, but not the dynamic response of the bridge.
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The table III.4.4.2. on page 3-36 shows for the roadbridges
the frequency of principal vehicle types, the duration of
measurement and traffic intensity.

The composition of road traffic indicates differences
between the traffic observed in the various countries.
Thus, in France, Netherlands and Great Britain the most
common vehicle is the 2-axled lorry (32 - 84%) followed by
the articulated lorries (13 - 48%); rigid lorries with
trailers are less frequent.

In contrast, in Germany rigid lorries with trailers are the
most frequent (60%), whilst articulated lorries are less
frequent. In Italy 32% of the heavy lorries comprised
vehicles with seven and eight axles.

The diversity in the composition of the traffic will affect
the choice of the "convoy" to be defined for calculating

fatigue in bridges.

Figure 3.4.4.2. on page 3-36 shows the cumulative frequency
distributions of vehicle intervals for the slow lane of the
roadbridges.

It appears that the frequence of vehicle intervals greater
than 100 meter varies between 8% in Caronte against 52% in
the Limburger Bahn.

e e e e e e e = o e e
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E.C.S.C. RESEARCH: Measurements and Interpration of dyn.amic loads on bridges

BRIDGE TESTED

Traffic Bridge Country Deca; Structure Span(max) | Number of lanes
CARONTE F O | rigid frame 147 6
AUTREVILLE F » | plate girder 90 6
MONTLHERY F " " 12,7 2
SAINT.NAZAIRE F . | cable stayed 404 3
HAAGSCHE SCHOUW NL L | plate girder 22 2

Road RHEDEN = NL o] - 105 2
LIMBURGER BAHN D 5 " a7 6(3)
FORTH GB . | suspension 1006 4
MANCHESTER GB ' .+ | box glrder 33 2
WYE GB » | cable stayed 235 4
RIO VERDE 1 » | box girder 95 2
BISCHOFSHEIM ) L | plate girder 53 1

Rail FRANKFURT D » | truss 53 2
RHEING AUWALL b 0 | plate girder 21 1

#* O: ortotropic L:longltudinal girder

Table IIT.4.4.1.

RESULTS OF RESEARCH ECSC.: Measurements and interpretation of dynamic loads on steel bridges

7 Comperison of road traffic: AXLE LOADS (slow lane)
Q(kN) ’
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Figure 3.4.4.1.
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Rainflow counts as well as levelcrossing counts of measured
stresses in the bridge structures are presented in histo-
grams and frequency curves. Results of measured stresses
are presented in Appendix C of this report using histograms.
A view of the appendix pages containing the results is given
in table ITII.4.5.1. on page 3-44.

In the following paragraphs some results of the stress
measurements will be treated using the frequency curves as

mentioned before in chapter 3.3.2.3.

3.4.5.1. Haagsche_Schouw_Bridge

3.4.5.1.1. Measured_stresses_during 66 _hours

Figure 3.4.5.1. on page 3-45 shows the modified relative
frequency curves of levelcrossings as well as the modified
cumulative relative frequency curves.of rainflow counts of
the measuring points 2 and 3 on a crossgirder of the Haagsche
Schouw Bridge.

These_curves of the measuring points situated on several
longitudinal girders in one cross-section of this bridge
are given in figure 3.4.5.2. on page 3-46. From these
figures it appears there is a lot of difference between the
stress pattern of mp3 in the fast lane and mp2 in the slow
lane. The same phenomena occurs by the measuring points on
the longitudinal girders situated in one cross-section of
the bridge.

It is clearly seen that the stress distribution in measured
cross-section differs markedly. The stresses which are
exerted in several points, especially where the traffic is
not frequent, are not only smaller but also occur less than
in the points where most of the heavy traffic runs. Even
in the slow lane there is much deviation.

From table III.4.5.2. on page 3-47, showing precentaly the
number of counted maximym peakvalues of measured stresses-
in various measuring point of this cross section, it

appears that about 58% of the traffic runs in the same
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track on the bridge. So it is to be expected that a
simulation of the stress distributions can give a realis-
tic result if the lateral distribution of the traffic will
be taken into account.

Another important effect associated with the lateral dis-
tribution is the number of axle loads it takes to reach

the final stress distribution.

Figure 3.4.5.4. on page 3-48 shows that about 9000 axle
loads » 10 kN are enough to construct the stress distri-
bution of the measuring point where 58% of the traffic runs.
In general a slightly longer time is taken than in the case

of the axle loads.

stress distributions in_a cross _section of_ the bridge

The modified cumulative relative frequency curves of rain-
flow counts and the modified relative frequency curves of
level crossings of the measuring points 3-10 are given in
figure 3.4.5.5. on page 3-49 for a period of 44.91 hours

of measurements.

Measuring points 3-10 were situated at the same midspan
point on various longitudinal stringers in one cross section
of the bridge structure.

Analogues to the results of measured stress distributions on
the Haagsche Schouw Bridge it appears that there is a lot of
difference between the stress pattern of the measured points

due to the lateral distribution of the traffic on the bridge.

Above mentioned frequency curves of the measuring points 11-18
are given in figure 3.4.5.6. on page 3-50 for a period of

8.86 hours of measurements.

The measuring points 11-18 were situated on the same longi-
tudinal stringers as measuring points 3-10 but in this case

on the point where the continous stringer is supported by the

cross girder.
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Compering figure 3.4.5.5. and 3.4.5.6. it appears that the
difference between the stresses on the point where the
continuous stringer is supported by the cross girder in the
various stringers due to the lateral distribution is not so
much as in the case of the midspan points on these longitu-

dinal stringers.

Table III.4.5.3. on page 3-51 gives for the wvarious measuring
points precentaly the number of counted maximum peakvalues

of measured stresses in a measuring period.

For the midspan points on various longitudinal stringers in
one cross section it sppears that mp5 gets 60% of the total
number of maximum peakvalues. For the points where the
continuous stringer is supported by the cross girder in one
cross section it appears that two measuring points 13 and 14
gets both about 40% of the total number of maximum peakvalues.
So it can be concluded that about 60% of the traffic was
driving in the same track and that the division of maximum
peakvalues is strongly dependent of the different influence
lines on transverse as well as the longitudinal direction.
Just as for the Haagsche Schouw Bridge it appears that about
9000 - 10.000 axle loads > 10 kN are enough to construct the
stress distribution of the measuring point where 60% of the

traffic runs (see figure 3.4.5.11 on page 3-54).

Figure 3.4.5.8 on page 3-52 gives the modified cumulative
relative frequency curves of rainflow counts and the modified
relative frequency curves of levelcrossings on the stresses
in a midspan point of a stringer and a point where the con-
tinous stringer is supported by the cross girder during

7.96 hours of measurements. |

Figure 3.4.5.9 and 3.4.5.10. on page 3-53 gives the sﬁatic
influence lines of these points.

Comparison of the frequency curves and influence lines

proves that there is a goad correlation.
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3044545301,

Figure 3.4.5.16 on page 3-55 shows the modified relative
frequency curves of levelcrossing of measuring points 101
and 104 on a cross stiffner of the bridgedeck and figure
3.4.5.14 on page 3-55 the same curves of measuring points

at a midspan point of several longitudinal stringers in one
cross section of the bridge. The modified cumulative rela-
tive frequency curves of rainflow counts of measuring points
101 and 104 are given in figure 3.4.5.15 on page 3-55 and
the same curves of measuring points on the longitudinal

stringers in figure 3.4.5.13 on page 3-55.

Analogues to the results of measured stresses at the

Haagsche Schouw Bridge and the Rheden Bridge it appears that
the stress distribution in the measured cross section of the
bridge structure differs markedly.

Knowing the axle load distribution in fast and slow lane (see
chapter 3.4.3.) it is not surprising that the stresses which
are exerted in certain measuring points are smaller and

occur -less than measuring points where most of the heavy
weighing vehicles runs. Even in the slow lane there is much

deviation.

Calculating the number of maximum peakvalues of measured
stresses in the measuring points situated in the slow lane
it appears that 95,5% is concentrated in an area of 855 mm

of the cross section of the bridge (see table III.4.5.4 on

page 3-56) .

The transverse distribution of wheelpositions on this bridge
is measured by counting the offside rear wheels of commer-
cial vehicles. Results of figure 3.4.5.17. on page 3-56 shows
that the transverse distribution of wheelpositions agree with
the stress distribution of the bridge structure. About 88%

of the counted wheels is concentrated in the ares of 855 mm.



SedebHs3els

3.4.5.3.2.2.

Figure 3.4.5.19 on page 3-57 shows the modified relative
frequency curves of level crossings of the measuring points
6. 2. 23 and 26, situated on one longitudinal stiffner of
the bridgedeck at the midspan location in several cross
sections of the bridge.

The modified cumulative relative frequency cruves of rain-
flow counts of these measuring points are given in figure
3.4.5.18. on page 3-57'. From these figures it appears that
there is a difference between the stress distribution of
these measuring points and the total number of stress cycles.
These differences are caused by the different lengths of the

influence lines of these points.

Different details

Figure 3.4.5.21. on page 3-57 shows the modified relative
frequency curve of level crossings of measuring points 7 and
19. The modified cumulative relative frequency curves of
rainflow counts of these points are given in figure 3.4.5.20.
on page 3-57. From these figures it appears that there is a
lot of difference between the stress distribution of these
measuring points. However, it corresponds with the influence

lines of these points.
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View of the rainflow counts and levelcrossing counts
histograms on three Dutch bridges
APPENDIX =-C~ STEVINREPORT 6-83-6
Duration of Rainflowcounts (RF)
Page Bridge SREON measurements or
points
liin hours Levelcrossings (LC)
el al x [2,3,13-16,18-21] 4,25 RF
2 a c
2| &
3 g &7 |i14,15,20 11,45 RF
4 O =l . LC
833
3 % E|& |2.3,13-18,20,21) 66,04 B
6 o @ LC
1 , frero 44,91 .
8 $ LC
9 e [1,2,11-18 8,86 B
10 3 IC
&
a1 a 1-6,11-14 7,96 RE
12 7] . LC
= RF
13 g |a |i-6,11-14 19,96
14 . & o)
z 2
15 a % 1-10 2,85 RE
16 2 LC
E I
17 & 10 10,17 RE
18 é LC
[]
19 & 1,2,7-10,15-18 3,10 RF
20 LG
21 1-6,23,24,27,28 4,03 RE
22 LC
23 4 7-16 5,06 RE
24 a P LC
25 & o frzas-22 3,00 RE
26 & 5 LC
2 8 |8 k.s,9,22-26 5,41 RF
28 = : LC
a
29 9 101-114 5,60 RE
30 = Lc
% A: Traffic in fast and slow lane

B: Traffic in the slow lane

C: Traffic in the fast lane

Contents Appendix - C-
Table I1X.4.5.1.

of Stevinreport 6-83-6
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HAAGSCHE SCHOUW BRIDGE
Duration of measurements 66,04 Hrs
Measuring Precentaly

point Txack division (%)
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13 B = B' 1,2 ~

16 c-c 57,7
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17 E - E' 8,8
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Lateral distribution of the traffic
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3+4.64 1.

3.4.6.2.

Table III.4.6.1. on page 3-59 shows that the highest stress
range (90 N/mmz)was measured on the girder anchor of the
roadbridge of Monthery (span 12.7 m). On the girder anchor
of the bridge of Limburger Bahn (span 45 m) 50 N/mm2 was

reached during 6 hrs. recording.

Some remarks

The extreme stresses measured were moderate, having regard
for the level of loads measured on the axles (195 kN at
Monthery and 160 kN at Limburger Bahn).

Contrary to wideley held views, there is a need to be con-=
cerned with the resistance to fatigue by all the elements
of roadbridges i.e. the elements subjected to individual
action by the wheels, as well as those that are acted upon
by loads distributed (spread) over a large surface of the
bridge.

Variations in stresses due to vibration are more important

for certain elements of roadbridges.

Railbridges do not appear to be subject to any more fatigue
damage (risk) than roadbridges, in so far as the level of

stresses and the number of cycles are concerned.

The shape of the histogram-curves of axle weights resembles
the shape of histogram-curves of the corresponding stresses,
and the number of stress cycles is in the neighbourhood of
the number of axles observed during the same period having

including vibrations.



3~59

E.C.S.C. RESEARCH:
Measurements and interpretation of dynamic loads on bridges

MAX.MEASURED STRESSES

Ag
Bridge Position L(m)|(N/mm?)
CARONTE - 8 ® 186 20
MOMNTLHERY 1 12,7 30
i ) 12 © 45| 65
. 1% © 55| 70
AUTREVILLE 9 66 36
SAINT. NAZAIRE 2 ® | 300 2
" 3@ | 180 3
- 6 © | 400 15
HAAGSCHE SCHOUW| 2 ® | N 60
@ w® | s 60
RHEDEN T® 6 44
B 12O | 13 63
LIMBURGER BAHN | 101 48 50
i m 48 27
i , 151 @A | 12 36
" 206© | 34| 50 |® cross beam
FORT @ | - -84 Mean beam
MANCHESTER . 5© | 45| 64 |© stiftner
WYE 5© | - 84 | (© cable
RIO VERDE ® 48| e |® Longitudinal beam
i . © 34| 37 |® peck plate
" ©| o8| 60 |® sheet

Maximum measured stresses of» the E.C.S.C. research
Table IIT.4.6.1.



Results of measured stress data in relationship of influence

lines

Influence planes are a well known method of relating the load
on the bridgedeck to the stresses in the measuring points.
To construct the influence planes from experiments it is
necessary to apply very concentrated loads of an appreciable
magnitude at a great many points on the bridgedeck.

This presents a lot of practical problems. Instead a set of
four points was used, i.e. a dual axle lorry with calibrated
wheelloads.

The lorry was placed in a number of fixed positions and at
each position the stresses at all the measuring points were
taken and recorded.

Using a special algorithm'the influence planes of an‘axle

load instead of a single point load could be calculated.

Results of statical measured data

To specify the stress in a measuring point due to an axle
load situation in a specific location, for each of the three
bridges a coordinate system is used as given in figure 3.5.1.
to 3:5:3. on page 3-61 to 3-62.

The results of the influence factors of several measuring

points on the bridge structures are given in the appendices.

To get an indication of the dynamic effects a lorry has been
driven with different speeds in the same tracks as used for
the static measurements.

Results of the Haagsche Schouw Bridge are presented in table
III.5.1. on page 3-63 as ratios between the dynamic influence
factor and the static influence factor. An universal ratio

cannot be given.
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Measured ratios between the dynamic influence factors and the

static influence facters.

Measuring points

1,03

Track Speed 2 3 13 14 15 16 18 19 20
km/h
S - 0,95 1,06 1,03 1,12 0,90 1,09 0,90 - -
5 0,87 1,17 1,03 1,09 1,00 1,08 1,00 - -
5 0,92 1,08 0,95 1,06 0,92 1,00 0,90 - =
25 0,9¢ 1,13 1,02 1,16 0,94 1,18 - - -
30 0,90 1,21 1,08 1,12 1,10 1,14 0,90 - -
8-8!
40 0,90 1,08° 1,01 1,04 1,08 0,93 0,75 - -
42 0,91 0,97 1,03 1,04 1,04 1,02 0,85 . -
45 0,93 0,97 0,95 0,93 0,74 0,92 - - -
45 0,95 1,06 0,95 1,03 0,95 1,08 0,90 - -
46 0,94 1,22 0,95 0,95 1,00 0,93 0,80 - -
47 0,92 0,83 0,95 0,99 0,98 1,02 - - -
5 0,91 1,02 - - - 1,23 0,92 0,92 0,98
5 - - 1,17 1,09 1,02 1,08
5 0,97 1,05 - - - 1,30 1,08 0,95 1,05
-1 25 1,02 1,06 - - - 1,23 1,13 0,95 1,07
25 0,95 1,04 - - - 1,10 1,13 0,98 1,07
25 0,97 1,03 - - - 1,10 1,05 1,00 1,03
41 0,82 0,97 - - - 1,13 0,94 1,02 0,97
41 0,97 1,02 - - - 1,44 0,9 0,94 1,08
41 0,92 - - - 1,28 1,03 0,95 1,05

Measured ratios between
dynamic and static
influence factors

Table III.5.1.



Comparison hetween computed and measured stress data

Simulation of stresszspectra

For the Haagsche Schouw Bridge the axle loads counted in a
period of 4.25 hours and the influence lines associated with
a measuring point are put together to calculate the theore-

tical level crossings and rainflow counts.

The cumulative relative distribution curves of the measured
axle loads in the fast lane as well as the slow lane are
given in figure 3.6.1. on page 3-66. The results of level
crossings and rainflow counts measured during 4.25 hours are
given in table III.6.1. and III.6.3. on page 3-67.

The theoretical level crossings and rainflow counts for this
period are given in table ITII.6.3. and III.6.4. on page 3-67.

Both, measured and calculated values are plotted in modified
cumulative relative distribution curves per measuring point
(see i.e. figure 3.6.2. and 3.6.3. on page 3-68).

The measured curves show a remarkable larger number of cycles
than the calculated curves, due to the dynamical behaviour of
this bridge. This behaviour can be seen in figure 3.6.4.
where the analogues recording of a number of measuring points
are presented and the position of a lorry indicated with
photographs.

A considerable number of cycles occur after the vehicle has
left the bridge. So it does not come as a surprise that the

emperical values do not coincide with this calculation.

In order to be able to put together design criteria for
bridges with respect to fatigue, it is important to assess
the actual stresses in relation to the stresses calculated
with a design model.

Most design models used in bridge design are implifications
of reality in such a way that the éalculated stresses are
higher than the actual stresses, so a reducing factor on

the calculated stresses can be applied.
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To verify this, the Haagsche Schouw Bridge was calculated

according to a more advanced model than the model that was

used when the bridge was designed.

This calculation was assuming that stringers and cross
girders are in the same grating. The reason for this design
model was to keep the calculating costs down. A limited
investigation showed that the mentioned way of calculation
did not cause a great deviation.

As a control-calculation the position of the measuring lorry,
as given in figure 3.6.5. on page 3-69 was used.

The results of the Stardyne-program relating to the measured

values are given in table III.6.5. on page 3-69.

It appeared that the calculated stresses were about 30%
higher than the measured values. Partly this was caused by
the theoretical loadingsystem because the axle distance and

wheel distance are smaller in practice.

Figufe 3.6.6. on page 3-69 shows the stress pattern in

longitudinal stringers of a cross section of the bridge.

Taking the wooden deck in account means more stiffness of
the longitudinal stringers with a better spreading of the

stress patterns. This causes a reduction of the maximum

‘stresses and describes the measured stress pattern better.

The deflection on the spot of the lower stresses became
greater. So this leveling '  did not occur in the cross

section of the bridge.

Figures_and_tables

List of figures i Page
3 Measured axle loads 3-66
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Measured point|measured value aN/.m: calculated value o.‘(/m2 feflection %
1 7,08 3,16 33,3
2 5,81 8,60 48,0
3 8,66 : 11,55 33,4
4 0,71 2,45
5 7,85 10,60 - 35,0 -
6 7,95 10,70 34,6
7 4,18 5,38 28,7
8 9,99 14,35 4,36
9 3,98 4,97 2349
ﬁ ;ﬁ 4 Iﬁz . Comparison between measured
12 = 0,20 1,37 and calculated values (2)
13 1,94 4,26 :
14 13,15 18,95 35,1 Figure 3.6.6
15 14,27 19,32 35,9
16 9,68 9,93 2,3
17 24,12
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The cumulative relative frequency curves of the measured axle
loads shows that the traffic distribution on the three Dutch
bridges differs much and the heavy weighing commercial
vehicles are concentrated in the slow lanes. Leaving the fast
lane out of consideration the results for the slow lanes can
be summarised as follows:

- 3500 - 6000 axle loads 2> 10 kN are enough to record the
cunmulative relative frequency curves of axle loads.

- It is not possible to give for each vehicle type unanimous
values of axle loads and axle distances which are operative
for the three measured bridges.

- Distribution of the wvehicle types over the total traffic
showed that 10-24% of the traffic consists of commercial
vehicles, corresponding 93 - 305 hours.

- Besides type 9, an artic, 2-axle tractor with a 2-axle
semi-trailer and type 4, an rigid, 2-axle commercial vehicle
with a 2-axle drawbar trailer, the dual-axle lorries are the
most frequent types (49 - 80%).

- The frequence of vehicle intervals greater than 50 meter

varies between 82 and 96%.

Measured stresses

The modified relative frequency curves of levelcrossings as
well as the modified cumulative relative frequency curves of
rain flow counts shows that the stress distribution in a cross-
section of the bridges differs markedly. The stresses which
are exerted in several points, especially where the traffic
is not frequent, are not only smaller but also occur less
then in the points where most of the heavy traffic runs.

Even in the slow lane there is much deviation. It can be
concluded that about 60% of the traffic drives in the same
track on the bridges and that the stress distribution in a
cross—section is dependent on the difference of the influence

lines.
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About 9000 - 10.000 axle loads >10 kN are enough to con-
struct the frequency curves of the measuring points where
60% of the traffic runs.

Comparison of measured stress spectra in combination of
measured influences shows that there is a good correlation

between them.

Measured and calculated influence lines

An universal ratio between the dynamic influence factors and
the static influence factors on the "Haagsche Schouw Bridge"
can not be given. Another influence of the dynamic loads of
the "Haagsche Schouw Bridge" showed that the number of cycles
is larger than the number of cycles that can be calculated
with the help of static influence lines.

A limited investigation with computed static influence lines
for the "Haagsche Schouw Bridge" showed that the calculated

stresses were about 30% higher than the measured values.

More information about dynamic factors will be given in the
French final report and the Italian final report will be
presenting a comparison of measured and calculated influence

lines of several European road bridges.
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Analysis of the traffic data and stress data in

fatigue terms
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SOME ANALYSIS OF THE TRAFFIC DATA AND STRESS DATA

Introduction

This chapter of the final report contains results of the
analysis of the traffic data and stress data of chapter 3

in fatigue terms.

Using a standard axle load of 100 kN, the "equivalent axle
load method" and the "characteristic axle load method" the
measured and extrapolated axle load spectra are worked out

in a way they are relevant to fatigue.

The damaging potential of different axle load classes of the
measured and extrapolated spectra and the damaging potential
of the commercial vehicles have been calculated using a fifth
power relationship.

Comparison for the threevbridges have been made using measu-
rements of the Government Laboratory for highway designs of

ten axle load locations in The Netherlands.

Fatigue life expectance calculations are made using the re-
gulations for calculations of fatigue loaded welded joints

in The Netherlands. The damaging potential of different
stress range classes of the measured and extrapolated spectra

have been calculated.

Besides some attention has been payed to the relationship
of traffic data to stress data; the relative contribution of
front and rear wheels to fatigue damage and the effect of

temperature of asphalt surfacing.



4.2.1.1.

4.2.1.2.

Traffic data

One of the methods to describe an axle load spectrum in a
way 1t is relevant to fatigue, is the "standard axle load
method".

Figure 4.2.1. on page 4-14 shows cumulative axle load spectra
related to a 100 kN standard axle of measured traffic on
three bridges. In this figure the number of axles occurring
in each loadrange have been converted to an equivalent

number of 100 kN standard axles using a fourth power rela-

tionship.
Q n, = number of axles in a
ni( i )4 i
100 loadrange
: Q. = midvalue of that load-
Bim, =t ) i
i'10 range

From this figure it appears that the curves are significantly
different, except the phenomenon that only a very small
percentage of the total damage is caused by the large propor-
tion of axles weighing less than 30 - 40 kN.

The contribution of high axle loads and axle loads < 40 kN

to fatigue damage potential, could perhaps be ignored with-

out introducing great errors.

Another method to describe an axle load spectrum in a way

it is relevant to fatigue, is the equivalent axle load method.
The quivalent axle load Qm and its associated number of
cycles n - can be fixed by calculating the centre of gravity
of the distribution of damaging potential of axle loads, as

follows:



The equivalent axle load Qm gives a value close to the load
class which gives the largest damage in fatigue.
The number n_ corresponding to Qm as well as Qm itself are

independent from the slope of the fatigue life curve 3 and 4.

For the three bridges values of Qm' no and the distribution
of damaging potential of measured axle loads in the slow -
lane and fast lane have been calculated. Results as given
in figure 4.2.2. on page 4-15 shows that the equivalent axle
load Qm for the slow lanes varies from 85 - 94.4 kN and its
associated number of cycles n_ from 3752 to 8939 cycles.

For the fast lanes Qm varies from 56,5 - 73,4 kN and n_ from
286 - 1342 cycles.

4.2.1.3. Characteristic axle load (see ref. 6-6)

The characteristic axle load method is a method to calculated
an axle load such that N-axles of that load has the same
fatigue damage potential as the N-axles of the axle load
spectrum.

If fatigue damage potential is proportional to the a'th power

of axle load then:

a rn, Q -
CAL = T 5 a = shape of the fatigue life curve.

Characteristic axle loads have been calculated for the Rheden
Bridge, Haagsche Schouw Bridge and the Leiderdorp Bridge

using a fifth power relationship.

This method will be used in the following chapters to describe

an axle load spectrum in a way it is relevant to fatigue.



4.2.2.1. CAL of the commercial vehicles

The values of CAL, calculated for the different vehicle types

and axles in the slow lane of each bridge are given in

table IV.2.1. and IV.2.2. on page 4-16and IV.2.3.a on page 4-17.

In table IV.2.3b values of CAL have been calculated using a

third, fourth and fifth power relationship.

With respect to the most damaging types, it appears that;

- for the Rheden Bridge it are type 3. 9 and 7.

- for the Leiderdorp Bridge it are type 7 and 13, both
vehicles with 6 axles,

- and for the Haagsche Schouw Bridge it are type 10 and 12,

both an artic, tractor with a semi-trailer.

A review of the values of CAL including mean values and the
standard deviation for the different vehicle types in slow
lane of the three bridges, is given in table IV.2.4. on page
4-18.. It appears that type 7, a rigid 3-axle commercial
vehicle with a 3-axle drawbar trailer and type 10 an artic,
2-axle tractor with a 3-axle semi-trailer are the most

damaging commercial vehicles.

4.2.2.2. Damaging_potential of the population of commercial_ vehicles

Using the characteristic axle load per vehicle type the
fatigue damaging potential of the population of each vehicle
type has been calculated on the assumption that it is propor-
tional to the fifth power of axle load.

In table IV.2.5. on page 4-18/the commercial vehicle types
have been listed according to the damaging potential and the
results have been normalised so that the total has a value

of one.

It appears that the two most damaging types of the population
of vehicles on the Rheden Bridge and the Leiderdorp Bridge
are type 9 and 10, both an artic, 2-axle tractor with a 2 or
3-axle semi-trailer. For the Haagsche Schouw Bridge it

appeared to be type 9 and type 2 a 3-axle lorry.



4.2.3.1.

4.2.3.1.1.

4,2.3.1.2.

Mentioned vehicle types produce together 40 - 50% of the
total fatigue damage.

Actual svectra

———————— f iy

Characteristic axle loads

For the slow lane as well the fast lane it is possible to
calculate a value of CAL for the total measured axle load
spectra. Values of CAL for the two lanes of the three bridges
are given in table IV.2.6. on page 4-19, and it appeared that;
- the characteristic axle load for the slow lanes varies
between 66 - 70 kN and for the fast lane between 40 -
52 kN.
- the characteristic axle loads of two almost similar spectra

are the same, independent of thé number of axle loads.

Using a fifth power relationship, it is possible to calculate
the damaging potential of the load classes of the measured
axle load spectra. Results for the slow lane of the three
bridges are given in table IV.2.7. on page 4-19,

The measured axle loads are divided over eight axle load

classes and for each class the percentage of damaging poten-

tial and the percentage of the number of axles are given.

In table IV.2.7. one reads:

- 1less than 1% of the total damage is caused by axle loads
< 40 kN

= over 99% of the total damage is caused by 37 - 43% of the
total number of axle loads > 8 kN

- 4 - 10% of the total number of axle loads > 8 kN causes
54 - 64% of the total damage. These axle loads amounts
80 = 120 kN on the Rheden Bridge and the Leiderdorp Bridge
and 100 - 140 kN on the Haagsche Schouw Bridge.

- the highest axle loads class 140 - 160 kN causes on the
Rheden Bridge and the Leiderdorp Bridge less than 5% of
the total damage. For the Haagsche Schouw Bridge this
percentage amounts 16.6% (Extrapolation seems to be neces-

sary)



4.2:3+25

4.2:3.241.

In chapter 3 of these report, only results of measurements
between 07.00 - 19.00 hours have been given. Extrapolating
measured spectra, it is necessary to know the distribution

of the traffic through the day (07.00 - 0.700 hours).

For the Rheden Bridge 24 hours of continous measurements

have been analysed and compared with not-continous measure-
ments. Results as given in appendix D of this report showed
that for the Rheden Bridge 18750 vehicles with 12227 axle
loads > 10 kN were registrated in 24 hours continous measure-
ments (09.00 - 09.00 hours). These measurements took place
in 1978.

Results of measurements carried out by RWS
figure 4.2.3. on page 4-20. This figure shows the average

1)

are given in

number of vehicles per annum or a months in 1978 (based on
the average number of vehicles a working day) .

Taking into consideration above mentioned measurements and
250 working days a year, the number of axle loads > 10 kN

in one hundred years amounts 3.108.

That means extrapolating the measured axle load spectra, a
maximum axle load of about 187 kN (see figure 4.2.4. on

pvage 4-20).

The same extrapolation are made for the Haagsche Schouw
Bridge and the Leiderdorp Bridge. For these two bridges
the traffic counts of RWS are given in figure 4.2.5. and
4.2.6. on page 4-21/4-22 and the extrapolated spectra for
one hundred years in figure 4.2.6. and 4.2.8. on page 4--21/
4-22. The maximum axle load of the extrapolated axle load
spectra for the Haagsche Schouw Bridge amounts 240 kN and
for the Leiderdorp Bridge 230 kN. The characteristic axle
loads of the extrapolated spectra varies between 72 - 79 kN.

11 Traffic countings of the "Dienst Verkeerskunde of Rijks-

waterstaat".



4.2.3.2.2. Damaging potential of different axle load classes of the
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Calculating the damaging potential of each axle load class
of the extrapolated axle load spectra for the Rheden Bridge
it appears that 92.4% of the total damage is caused by 26.6%
of the total number of axle loads > 10 kN which have a value
of 60 - 140 kN (see table IV.2.8. on vage 4-23).

Even when the total number of axle loads > 10 kN amounts
1.10" (+ 300 years) the highest axle load classes can be
ignored because the damaging potential is neglectable small
(see table IV.2.8 on page 4-23).

Figure 4.2.9. and 4.2.10.0on page 4-24 shows the different axle
load spectra, damaging potential of axle load classes and
characteristic axle loads for above mentioned periods.

The same calculations are made for the Haagsche Schouw Bridge
and the Leiderdorp Bridge. Results of the damaging potential
of each axle load class of the extrapolated axle load spectra

are given in table IV.2.9. and IV.2.10.0on page 4-23.

The axle load spectra for 100 years and the damaging potential
of axle loads for the three Dutch Bridges are compared in
figure 4.2.11. on page 4-25 and table IV.2.11 on page 4-25.
For these bridges it can be concluded that axle loads < 40 kN
are not important with respect to the damaging potential of
the axle load spectrum in the total life of the bridge. Axle
loads > 160 kN can be ignored at the Rheden Bridge and the
Leiderdorp Bridge and axle loads > 200 kN at the Haagsche

Schouw Bridge.

The Government laboratory for highway designs is among other
things in charge of measuring axle loads in the slow lane of
several highway locations.

In this chapter the damaging potential of measured axle load
spectra at the locations will be compared with the results

of the three bridges as given in the previous chapters.



The date of used measurements and code of the locations are
indicated in table IV.2.12 on page 4-26. At each location
axle 'loads 20 kN have been measured and grouped over seven
axle load classes. The total number of axles and the propor-
tionally division of the axles over the seven axle load
classes are given in table IV.2.13. on page 4-26.

Tabel IV.2.14. on page 4-26 gives for each of the ten locations
the damaging potential of the different axle load classes
also proportionally.

The mean values including the standard deviation of the
damaging potential of each axle load class and the values
concerning the three bridges are given in Table IV.2.15 on
page ~4-27.

The grouping of the measured axle loads by the Government
Laboratory is not the same as the classification used for

the three bridges, but still it is possible comparing them

together.

- For the ten locations of the Government laboratory it
appeared that 42.9 - 55.8% of the total damage is caused
by the number of axle loads in two axle load classes. For
eight locations these axle loads amounts 100 - 135 kN and
for the other two 80 - 120 kN, just as for the actual and
extrapolated axle load spectra at the Rheden Bridge and
the Leiderdorp Bridge they caused 54.0 - 63.4% of the
total damage.

For the Haagsche Schouw Bridge 56% of the total damage of
the actual spectra is caused by axle loads between 100 -
140 kN and for the extrapolated spectra the percentage
amounts 43,9% and axle loads between 120 - 160 kN.

- The highest axle loads class of the Government laboratory
(> 150 kN) causes on the ten locations 6.6 - 21.1% of the
total damage and for the highest axle loads classe (140 -
160 kN) of the actual spectra at the three bridges it is
5 - 16.6% of the total damage.

Extrapolation of the actual spectra showed that dependent
on the spectra, the damaging potential of higher axle load
classes (> 180 kN or > 200 kN) 1is neglectable small.
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Conclusions

Results showed that about 92% of the total damage is caused

by 23 - 37% of the total number of axle loads. The axle

loads amounts 60 - 140/160 or 180 kN and the number of axles
2.107 - 1,2.108 dependent on the different axle load spectra.
Due to the high number of axle loads it is reasonable to con-
cluded that the fatigue damage potential is proportional to

the fifth power of axle load or stress range.

Assuming that the fatigue damage is proportional to the fifth
power of axle load, an axle load of 73 kN for the Rheden Bridge
and an axle load of 79 kN for the Haagsche Schouw Bridge and
the Leiderdorp Bridge is calculated, such that N-axles of that
load has the same fatigue damage potential as the N-cycles of
the load spectra.

Furthermore it appeared that two vehicle types, mostly the
artic, 2-axle trailer with a 2 or 3—axle semi-trailer produce
together 40 - 50% of the total fatigug damage of the population

of commercial vehicles.

List of figures Page

4,2.1. Cumulative axle load spectra related to 4-14
a 100 kN standard axle

4.2.2. Eqgquivalent axle loads Qm and its associa- 4-15

ted number of cycles n.
4.2.3. Counted vehicles on the Rheden Bridge by RWS 4-20
4.2.4. Measured and extrapolated axle load spectra 4-20
on the Rheden Bridge

4.2.5. Counted vehicles on the Haagsche Schouw 4-21
Bridge by RWS
4.2.6. Measured and extrapolated axle load spectra 4-21

on the Haagsche Schouw Bridge

4,.2.7. Counted vehicles on the Leiderdorp Bridge 4-22
by RWS
4.2.8. Measured and extrapolated axle load spectra 4-22

on the Leiderdorp Bridge



4.2.9.- Axle load spectra on the Rheden Bridge
4.2.105

4.2.11. Axle load spectra for three Dutch Bridges

List

IV 2.

IV s

IN s
IV

Iv.

IV.2s

IV,2
Iv.2

IV.
IV.
IV .

IV.

IV.2.

IV.2.

IV.2.

Iv.2.

N DD N

N NN N

(100 years)

of tables

i1 Characteristic axle loads Haagsche
Schouw Bridge

2. Idem for the Rheden Bridge

g:gf Idem for the Leiderdorp Bridge

4. Mean values for the different vehicle
types in the slow lane of three Dutch
bridges

S Damaging potential of the population of
vehicles
CAL for the total axle load spectra

« 7 Damaging potential of different axle
load classes of the measured axle load
spectra

.8.~ Idem for the extrapolated axle load

'?6? spectra

11. Idem for the three Dutch Bridges (100
years)

12. Date of measurements of the Government
Laboratory for highway designs

13. The propotionally division of the number
of axle loads 20 kN

14. The propotionally devision of the
damaging potential of the different
axle load classes

15. Damaging potential of axle loads (13

locations)

Page
4-24

4-19
4-19



150

—
[=3
o

*
= o N X
= LEIDERDORP BRIDGE 24 Hrs. ) D-FL ) \'Q-\ b 1;;
= slow lane n=24582 %—3- 3¢ ——— N
e e N U i
=4 fast lane n= 1527 *-¥-%-% *_ v N oy
® 3 £ 03
E \,\\' 5
T RS
< HAAGSCHE SCHOUM BRIDGE 82 Hrs. s s X
= slow lane n=12956 *—k—%—t * . :
fast 1 = 3641 0o ¥ e
o6 ast lane n= By Ko ¥
s *gi
RHEDEN BRIDGE d4SHrs. X
slow lane n=30873 e-e-e-¢ = s :
fast lane n= 8812 e-e-o-¢ i
0
0.001 0.01

0.1
“cumulative proportion of standard axles

Cumulative axle load spectra related to a 100 kN

standard axle

Figure 4.2.1.



20]

10

0 20

0]

101

0

0

30 A

20

10

0 20

40 60 80

RHEDEN BRIDGE
SLOW LANE

100 120 1

Qm=85,0 kN
n =8939
m

40 160kN

83!

|

20 40 60 80

100 120

HAAGSCHE SCHOUW BRIDGE

SLOW LANE

Q =94,4kN
m
n_=3752
m

140 160kN

T
]
!
Lsssws

c=—d

SLOW LANE

40 60
LEIDERDORP BRIDGE

8(

"m

Qm=86,3 kN

=6013

100 120 140 160 kN

.

30
o?
20| | ey
ot ] i
10| .
e d
: 1 I
0 20 40 60 |80 100 120 140
RHEDEN BRIDGE Q,=73,4 kN
FAST LANE 1342
L A
)
o8
"20 p* |
10
=
0 20 40 60 | 80 100 120kN
HAAGSCHE_SCHOUW |Q_=64,6KN
FAST LANE n =286
g gy
30 L1
o8
20 | . T
i :
4 [ !
10 L.
0 20 4060 80 100 120kN
LEIDERDORP-
FAST LANE Q=565 ki
n_ =451
m

Equivalent axleloads Qm and there associated number of cycles n.

Figure 4.2.2.

160kN



4-16

Haagsche Schouw Bridge

slow lane

82 hours CAL

whicle type number of characteristic axle load (kN)
vehicles Type Axle 1 Axle 2 Axle 3 Axle 4 Axle S5 Axle o
1.
2 295 90.9 63.4 103.4 89.8
3. 9 P 56.5 56.6 33.4 48.7
4 245 13 54.8 83.1 75.8 67.7
S 24 80.5 66.1 54.1 70.8 90.5 93.9 81.9
6y 47 84.5 61.5 107.3 74.8 78.2 64.3
T 3 90.7 56.2 116.9 72.0 53.3 70.3
8. 211 78.8 46.4 79.6 89.3
9 314 91.3 59.8 105.6 87.6 91.4
10. 73 100.7 53.3 124.2 83:9 84.5 82.2
11. 2 41.6 Sl 33.2 33.2 36.9
12, 23 99.8 67.2 113.8 76.0 87:9 116.1
13; 35 94.3 65.9 94.7 83.6 33.8 90.3 113.0
16. 517 26.2 28.2 23.2
17. 1313 22.4 17.8 24.5
18. 885 41.4 30.3 46.5
19. 1163 56.9 38.9 64.3
20. 1551 69.8 49.6 78.6
21, 3076 30.2

Characteristic axle loads for the Haagsche Schouw. Bridge
Table IV.2.1.

. Rheden bridge

slow lane 45 hours

s
CcAL = §y EInL®
In

vehicle type number of . characteristic axle load (kN)*
vehicles Type Axle 1 Axle 2 Axle 3 Axle 4 Axle 5 Axle 6
1. 166 66.6
2 539 66.5 49 71 71
3 6 87.7 64.1 95.4 88.7 97.5
4. 711 62.9 48 76.1 62.6 64.0
55 140 71.7 56.7 77.8 63.2 75.8 76.1
5. 338 69.8 54.5 85.8 66.9 61.1 62.9
% 95 77.8 61.9 91.8 70.8 84.6 70.8 70.7
8. 379 69.0 43.7 74.8 82.3
9. 1097 78.1 51.7 86 75.3 83.9
10. 641 75.3 54 93..5 67.9 65.7 71.2
L. 19 70.4 61.1 50.6 70.9 83.0
12, 106 75.0 52,7 72.1 66.7 . 83.6 83.7
13. 120 72.6 57.3 71.9 7453 76.2 71.6 80.0
16. 561 332 33.7 32.6
17. 951 5. 1 22.4 43
18. 631 47.3 32.6 53.4
19. 1276 62.0 37.8 70.6
20. 1364 58.0 42.1 65.2
204 2077 26.8

Characteristic axle loads for the

Table IV.2.2

Rheden Bridge
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5/ tnlL
LEIDERDORP BRIDGE SLOW LANE 24 HOURS CAL =
b In
h teristi
Vehicie| Nunber of | Type Characteristic axle loads ‘
type vehicles Axle 1 Axle 2| Axle 3 Axle 4 Axle 5 Axle 6
i
2 621 64.2 | 49.7 68.0 68.6
3 57 60.5 | 57.2 66.2 61.5 54.3
4 309 68.5 | 55.2 79.8 61.5 67.7
5 83 85.3 | 67.9 86.0 82.6 87.0 94.7
6 158 2.2 | 8.2 81.3 68.3 64.3 106.2
7 74 98.4 | 92.5 97.8 105.2 106.6 81.0 99.1
8 136 6.5 | 45.6 66.3 75.4
9. 752 74.5 | 49.2 3l.1 75.9 78.3
10 310 3.1 [ 54.1 86.8 68.6 73.9 107.3
11 5 50.9 | 45.0 32.0 64.0 37.3
12 40 32.4 | 30.6 72.6 3.7 22.5 "93.4
13 60 9.7 | s1.2 72.3 69,2 96.0 92,5 110.0
16 408 64.3 | 43.6 72.2
17 832 44,7 | 39.5 48.1
1¢ 560 47.6 | 29.6 54,1
19 a7 57.7 | 41.7 £4.9
Ph) 741 £7.% 1 0.4 75.3
2 17 v,y |
Table IV.2.3.a.
9
LZIDERDORP ERIDGE SLOW LANE 24 HOURS
vehicle| tumber of | ca® | cac® | cald
type vehicles
2 621 64.2 | 57.3 | 50.4
3. 57 | 60.5 | 56.5 | s2.1
4 309 68.5 | 64.3 | 59.2
5 83 85.3 | 81.2 | 76.6
6 158 84.2 | 75.3 | 65.6
7 74 98.4 | 92.4 | 85.6
e . 136 66.5 | 61.1 | 55.4
9 752 74.6 | 69.4 | 63.3
10 310 e6.1 | 78.3 | 69.7
11 5 50.9 | 47.2 | 43.0
12 49 82.4. |- 74.5 | 65.7
13 60 90.7 | 84.9 | 78.5
16 408 64.3 | 52.0 | 37.0
17 832 44.7 | 33.3 | 23.2
13 560 47.6 | 39.5 | 31.7
19 807 57.7 | s52.2 | 46.4
[ 4 N . .
= ML |83 RS 8L pahls IV.2.3.B.
21 1783 18.3 | 16.1 | 14.7

Characteristic axle loads for the Leiderdorp Bridge
Table IV.2.3.



Characteristic Axle Loads (kN)
Vechicle Haagsche . Mean Standard
Type Leiderdorp Schouw Rheden values deviation
2 64.2 90.0 66.5 73.9 14.8
3 60.5 51.7 877 66.6 18.8
4 68.5 731 62.9 68.2 Sl
S 85.3 80.5 o b Uy | 79.2 6.9
6 84.3 84.5 69.8 7955 8.4
7 98.4 90.7 77.8 §9.0 10.4
8 66.5 78.3 69.0 71.4 6.5
9 74.6 91:3 78.1 1.3 8.8
10 86.1 100.7 75..3 87.4 12..8
11 50.9 41.6 70.4 54.3 14.7
12 82.4 99.8 75:0 85:7 12,7
13 90.7 94.3 72.6 85.9 11.86
16 . 64.3 26.2 23.2 41.2 20.3
17 44 .7 22.1 35.1 . 34.0 11.a3
18 47.6 41.4 47.3 45.4 b
19 ST.7 | 5649 £2.0 58.9 257
20 67.3 69.8 53.0 €5.0 6.2
21 18.3 30.2 26.8 25.1 6.1

Comparison of the Characteristic axle loads on three Dutch bridges
Table IV.2.4.

Vehicle Rheden Bridge Vehicle Haagsche Schouw Vehicle Leiderdorp
type. 45 hours type Bridge 82 hours type Bridge 24,7 hours

9 0.3114 ; 9 0.2480 10 0.2050

10 0.1879 2 0.1710 9 0.1948

6 0.0689 20 0.1592 ¥ 0.1146
0.0680 10 0.1174 6 0.0933

19 0.0571 4 0.0637 13 0.0617
0.0512 8 0.0558 20 0.0573
0.0445 13 0.0485 2 0.0569

20 . 0.0437 19 == 0.0430 91% 5 0.0524

7 0.0406 12 0.0353 4 0.0522

13 0.0352 91% 6 0.0314 19 0.0288 91% .

5 0.0331 S 0.0126 16 0.0250

12 0.03:2 18 0.0067 . 12 0.0213

21 0.0094 7 0.0034 2 8 0.0149

18 0.0072 21 0.0024 17 0.0083

11 0.0038 1 0.0004 18 0.007¢6

3 0.0031 16 0.0004 3 0.0057

17 0.0025 17 0.0004 11 0.0002

16 0.0013 11 0.0003 S ’

Damaging potential of the population of wvehicles on three
Dutch bridges
Table IV.2.5.



. Haagsche

Rheden Leiderdorp
Lane Schouw

CAL| hrs. CAL hrs. CAL hrs.
S1oi 68 45 70 82 66 24

68 62 70 66
Paak 52 45 40 82 44 24

51 62 40 66

Characteristic axle loads for the total axle load spectra
Table IV.2.6.

Haagsche Schouw Rheden Leiderdorp
Axleload Q Slow lane 82 hrs. Slow lane 45 hrs|. Slow lane 24 hrs.
kN = kN D.pot Ni D.pot Ni D.pot Ni
% 3 % 3 3 %
8 - 20 0.0026 44.63 0.01 30.02 0.0054 32.04
20 - 40 0.27 18.81 0.63 26.98 0.835 27.24
40 - 60 3,51 19.05 4.56 20.66 6.81 22.30
60 - 80 8.81 8.88 13.09 11.01 16.59 9.80
80 - 100 |14.87 1 = 4:27 31.59 757 27.21 5.59
100 = 120 |23.95 2,52 32.24 3.08 R26.61 2.21
120 - 140 |32.01 1.46 14.7 0.61 1733 0.7€
140 - 160 |16.59 0.37 3.8 0.068 4.6 0.10
Diot S ) . 1. % 1. i
Veoes 19147 30787 26571

Damaging potential of different axle load classes
of the measured axle load spectra
Table IV.2.7.
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An average number of vehicles per annum. (Based on the average
number of vehicles a working day.)
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Counted vehicles on the Rheden Bridge by the "Dienst Verkeers-
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Figure 4.2.3.
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Measured and extrapolated axle load spectra on the Rheden Bridge

Figure 4.2.4.



An average number of vehicles a month.(Based on the average

number of vehicles a working day).
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Figure 4.2.5.
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Figure 4.2.6.
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An average number of vehicles a month.(Based on the average

number of vehicles a working day).
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0, EN o = 3.10%(100 years) N, = 1.10'1 (300 years)
kN - kN Damaging potential N, Damaging potential Ny
of axles in % *) of axles in % %)

0 - 20 0.0012 0.7 % 108 0.0007 1.5 = 1020

20 - 40 0.3391 0.8 x 10° 0.3571 3 = 100
40 - 60 38284 0.7 % xof__ﬁ .8 2.5 % 1oiz____1
60 - 30 11.1705 3.8 x 10° | 12.4 1.5 % 10

80 - 100 26.9210 o, , 4| 2.6 % 103 zsl.s 2 ;Zj 92!5 " j: % ig: T
100 - 120 36.5356 1.3 % 10 ] | 6 % |
120 - 140 17.8308 | 2.8 % 105___1 16.6 .t x 10
140 - 160 3.2340 2.4 % 10° 3.3 8.8 % 10
160 - 180 0.1383 5570 0.1286 1.99 % 10°
180 - 200(187)  0.0011 30 0.012 1.0 % 10°
200 - 220 - - 0.000019987

Damaging potential for the extrapolated axle load spectra
of the Rheden Bridge.

Table IV.2.8.

o, I, = 2.6 = 107 N, = 5=z10% (100 years)
kN = kN Damaging potential Ni Damaging potential NL
of axles in % ) of axles in % x)
0 - 20 0.0054 8513 0.0027 1.6 = 10°
20 - 40 0.8849 7239 0.5649 1.4 = 108
40 - 60 6.8132 5924 5.7151 1.1 = 108
60 - 80 16.5895 2604 13.956 5.0 % 107
80 - 100 27.2124 1474 © 25,5851 2.6 x 107
100 - 120 26.61 586 28.4094 1.06 = 107
120 - 140 17.3 201 17.2782 2.8 x 107
140 - 160 4.6 30 6.5624 5.2 2 10°
160 - 180 1.8441 7.8 = 10*
180 - 200 0.0819 1.99 = 10°
200 - 220 0.0007 10
220 - 230 0.0001 1

Damaging potential for the measured and extrapolated

axle load spectra of the Leiderdorp Bridge
Table IV.2.9.

0, TN, = 1.6 = 10 (5 days) IN,, = 7.5 2 107 (100 years)
kN = kN Damaging potential NL Damaging potentiaf N1
of axles in % %) of axles in % =)
0 - 20 0.0026 8546 0.0008 1.9 x 10’
20 - 40 0.27 3601 0.2104 2.0 = 107
40 - 60 3.5080 3648 2.1645 1.6 = 107
60 - 80 8.8027 1701 7.2727 1.0 = 107
80 - 100 14.8662 818 12.7706 5.0 = 10°
100 - 120 23.95 483 19.5238 2.8 = 10°
120 - 140 32.01 279 20.9691 13 & 10°
140 - 160 16.59 71 23.0303 7.0 = 10°
160 - 180 9.8268 1.6 % 10°
180 - 200 4.0087 3.74 = 10%
200 - 220 0.4502 2.54 = 10°
220 - 240 0.0167 6.10°

Damaging potential for the measured and extrapolated

axle load spectra of the Haagséhe Schouw Bridge
Table IV.2.10.
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Figure 4.2.11.

Q; Rheden Bridge Haagsche Schouw Bridge Leiderdorp Bridge

KN - kN m, = 3.10° IN, = 7.5 % 10° I, = 5.108

0 - 20 0.0012 0.0008 0.0027

20 - 40 0.34 0.21 057

40 - 60 3.83 2:17 5.72

60 - 80 11.17 727 13.96

80 - 100 26.92 12477 25,59
100 - 120 36.54 19.52 28.41
120 - 140 17.83 20.91 17.28
140 - 160 3.23 23.03, 6.56
160 - 180 0.14 9,83 1.84
180 - 200 0.0011 (-187 kN) 4.01 0.08
200 - 220 0.45 0.0007
220 - 240 0.017 0.0001 (230 kN)

Damaging potential of axle loads for three Dutch

Bridges

(100 years).

Table IV.2.11.




Highuay Location Code Date of measurcments
nr.
-2p- | A-1 11-12-1978 "= 17-12-19738
15 [Bchteveld | . | a-2 6-11-1978 - 12-11-1378
NB- | B-1 24- 4-1978 - 30~ 4-1978
12 |Veenendaall ;5. | e 10- 4-1978 = 16= 4-1978
~z0B-| C-1 12- 6-1978 = 18- 6-1978
28 |Harderwijk|_yyn.! ca2 22- 5-1978 - 28~ 5-1978
-NOB-| D-1 9- 4=1979 - 15- 4-1979
47 | Ruuzio -zwB-| D-2 7- 5-1979 - 13- 5-1979
-WB~ | E-1 26=11-1979 = 2-12-1979
L -0B- | E-2 17-12-1979 = 23-12-1979

Date of measurements of the Government Laboratory for Highway designs
Table IV.2.12.

=%
Location Auphies’ G Axle load classes ( %¥-division)
Axle loads -

code >20 kN 20-50 kN | 50-80 kN | 80-100 k¥ | 100-120 kN | 120-135 XN | 135-150 x¥ (»150_.23
A-1 38898 39.5 36.1 13.8 7.8 2.0 0.5 0.2
A-2 38296 44.1 32.5 11.6 7.9 2.9 0.8 0.2
B-1 42439 47.7 32.0 11.8 6.4 1.6 0.4 0.2
B-2 39172 39.2 30.7 12.3 9.1 4.9 2.6 1.3
c-1 35760 40.1 33.3 13.1 9.3 3.0 0.9 .4
c-2 . 38172 44.7 32.3 11.3 7.5 2.5 1.0 0.7
D-1 5658 55.1 28.0 9.5 5.3 1.5 0.4 0.2
D-2 5830 38.9 32.9 11.9 10.0 4.3 1.4 0.5
E-1 79301 38.7 32.2 12.7 10.6 4.0 1.4 0.5
E=2 83843 36.9 34.9 11.6 9.4 4.5 1.9 0.8

The propotionally division of the number of axle loads =20 kN
Table IV.2.13.

Location Axle load classes ( i-division of damaging potential!
code : 20=50 kN | 50-80 kN | 80=100 kN | 100-120 kN | 120-135 kN | 135<150 kN| >150 kN
A-1 0.6 11.0 21.4 32.8 17.8 iy 6.6
A=2 0.6 9.2 16.7 31.1 23.6 11.9 6.9
B-1 0.8 12.0 22.4 33.4 171 7.5 6.8
B-2 0.3 4.9 10.0 ©20.0 22.9 20.9 21.3
c-1 0.6 8.3 16.6 32.1 21.9 10.9 9.8
c-2 0.5 8.2 14.7 26.4 18.3 12.5 19.4
D-1 PR 11.9 20.4 31.2 " 18.9 9.5 T.%
D-2 0.4 6.8 12.5 28.6 25.9 15.0 10.8
E-1 0.4 6.8 13.5 30.8 24.0 14.7 9.9
E-2 0.3 6.4 10.9 24.1 24.2 177 16.4

The propotionally division of the damaging potential of the
different axle load classes
Table IV.2.14.



Table IV.2.15.

Axle load classes (kN) 50-60 | 50-80 | 80-100[ 100-120|120-135[135-150| >150 kX
Mean values of A-1 - E2 (1) 0.56 8.6 159 29.1 21.5 51.0 1.5
VStandard deviation of A-1 - E-2 (%) 0.25 245 4.4 4.3 3.2 4.1 5.5
Axle load classes (kN)| §-20 | 20-40| 40-60 | 60-80 | 80-100| 100-120[120-140|140-160|160-180 [180=200 | >20¢%
45 hrs. 0.01 j0.83 4.56 [ 13.09 | 31.59 |32.24 14.7 3.8 °
Rheden
100 years 0.0012{0.34 3.83 | 11.17 | 26.92 |36.54 17.83 3423 0.14 0.0011
Leldss- 24 hrs. 0.0054(0.89 6.81 | 16.59 | 27,21 | 26.61 17:.3 1.6
dorp
100 years 0.0027(0.57 5.72 [ 13596 §25.59 {28.41 17.28 6.56 1.84 0.08 0.00907
Haagsche| 82 hrs. 0.0026/0.27 | 3.51 | 8.81 [14.87 [23.95 | 32.01 | 16.59
Schouw
100 years 0.0008({0.21 2,17 7.277] 12,77 |19.52 20.91 23.03) 9.83 4.01 0.45
Damaging potential of axle loads (13 locations)



Stress data

in the Netherlands (= draft report)

In 1977 the regulations for calculation of welded joints in
unalloyed and low allov steel up to and including Fe 510,
which are predononantly statically loaded, has been published.
The part concerning the fatigue loaded welded joints is still

in preparation.

In the draft report of the regulations it is started from

the stress range concept, so the R-value is leaving out of
consideration.

In the regulations a difference will be made between struc-
turers used for offshore and other structures. What the
difference exactly will be is still under discussion, perhaps
the cutt off stress will be lower than 0,55 Aak.l)

As the new regulations will concern fatigue loaded welded
joints in general, special load spectra will not be mentioned
These spectra must be given in the regulations concerning
special structures, as there are railway bridges, highway
bridges, crane girders etc.

The design method mentioned in the new rules starts from a
stress spectrum which will be translated in a design spectrum
(see figure 4.3.2. on page 4-41). By means of the use of the

damage rule of Palmgren-Miner
1 .
Ees &1

N.
i

the maximum fatigue stress can be calculated.

L) Aak is the characteristic stress range at lO7 cycles for

the given type of welded joints; see figure 4.3.1. on

page 4-41 showing the standard Ac-N curve:



The determination of the potential fatigue damage starts
from a standard Ac-N curve, with a shape like given in
figure 4.3.1. on page 4--41.

- LE Ad is smaller than the value of the stress range

exceeded once in one hundredth of the life of the struc-

ture, than the damage D3 = Q.
- If Ag > Aok the damage D3 can be calculated as follows:
n n n A
i, T2 i 10
D, = ==+ == ...... + =— N, = oF
3 Ni N2 Ni i AG 3

log Ni = A - 3 log Aci
A: Depends on the type of welding joints.

= If 0,55 Aok < Ao < Aok,

as follows:

the damage D5 can be calculated

h n n. B
1, 2 J 10
D = =—/— 4+ =/ oo enn + = N. = or
5 Ni N2 Nj j AO.S
log N, = B - 5 log Ao.
_ 5A - 14
B =73
= > =
If D3 0,25 D5 than Dtot D3 + D5 and
D3.D5
if D3 <0,25 D5 than Dtot = D3 + 5 B;:Bg

In the regulations a number of Ao-N curves are given for

various welded joints. These Ao0-N curves give the charac-
teristic values, that is to say values with a probability
of 95% and a confidence level of 95% (see figure 4.3.3. on

page 4-42 ).



4,3.2.1.

Using a fifth power relationship it is possible to calculate

the damaging potential of each stress range class.

Results of the measuring points 3, 4 5 and 6 situated on

several longitudinal stiffners of the orthotropic steel

deck in one cross section of the Rheden Bridge on the spot

of the slow lane are given in table IV.3.1. on page 4-43.

The follwing conclusions can be made:

-1. The division of the damaging potential of the eight stress
range classes corresponds with the differences between the
cumulative relative frequency curves of rainflow counts as
given in chapter 3.

-2. Concerning the heaviest stress spectrum (mp5) it appears
that 90% of the total damage is concentrated in the
highest stress range classes 40 - 80 N/mmz, so extra-
polation seems to be necessary. Mentioned stress range
classes presents 9% of the total number of stress cycles.

=3. For the meauring points 3 - 6 it holds, that the number of
of stresses in the lowest class 0 - 10 N/mm2 varies be-
tween 62 - 85,6%, the damaging potential of this class
varies between 0,007 - 0,13% and seems to be neglectable

small.

Results of measuring points on several longitudinal stiffners
of the orthotropic steeldeck in several cross sections of the
Leiderdorp Bridge are given in table IV.3.2. on page 4-43
and shows:
=1. Concerning the measuring points at a midspan location of
various longitudinal stiffners it appears that 76 - 87%
of the total damage is concentrated in the three highest
stress range classes namely 50 - 80 N/mmz.
These classes presents 1 - 4%% of the total number of
stress ranges.
-2. Concerning measuring points at a crossing of cross

stiffner and longitudinal stiffner (20 and 21) is



uniformly divided over the six stress range classes
20 - 80 N/mmz. These classes presents 5 - 7% of the
total number of stress ranges.

For the given measuring points it holds that the number

of stresses in the lowest stress range class 0 - 10 N/mm2
varies between 76 - 91%, the damaging potential of this
class varies between 0,004 - 0,086%.

Results of the measuring points 13 to 21 on several longi-

tudinal girders and measuring points 2 and 3 on a cross

girder all situated in the same cross section of the Haagsche

Schouw Bridge, are given in table IV.3.3. on page 4-44.

The following conclusions can be made.

ot

Concerning the division of the damaging potential over
the stress range classes it appears that 60 - 75% of

the total damage is concentrated in two classes

20 = 40 N/mm2 (max. 60 N/mmz).

Extrapolation of these spectra is not necessary, taking
into account the damage of the highest stress range class
50 - 60 N/mm2 which causes about 4 - 5% of the total
damage.

It appears that for the given measuring points the

number of stress ranges in its lowest stress range class

0 - 10 N/mm2 varies between 93,9 -99,5%, the damaging

potential of this class varies between 1 - 2%.
The division of the damaging potential over the different
stress range classes do not change if the 0 - 10 N/mm2

class is to be neglected.

Summarising previous results it can be concluded that:

=L

For the bridge structure with an orthotropic deck the
damaging potentiél of the 0 - 10 N/mm2 stress range
classes is neglectable small (0.004 - 0.13%) the number
of stress cycles in this class varies between 62 - 91%.
The damage of the highest measured stress range class
(70 - 8Q N/mm2) for the heaviest stress spectrum amounts

18,7 - 48% so extrapolation seems to be necessary.



4.3.2.2.

-2. For the bridge structure with longitudinal girders and
a deck of wooden boards the damaging potential of the
0 - 10 N/mm2 stress range class is neglectable small
(1 - 2%), the number of stress cycles in this class
varies between 93,9 - 99,5%. The damage of the highest
measured stress range class (50 - 60 N/mmz) varies be-

tween 4 - 5% so extrapolation seems to be not necessary.

In the same way as the value of CAL of an axle load spectrum
has been calculated (see chapter 3), a stress range can be
determined such that N-cycles of that stress range has the
same fatigue damaging potential as N-cycles of the stress
spectrum. Using a fifth power relationship the values of

1)

the characteristic stress range CSR for several measuring
points situated on one of the three bridges are tabulated in
table IV.3.4. on page 4-44.

It appears that for:

-=1. Rheden Bridge

For several measuring points situated on several longi-
tudinal stiffners of the orthotropic steeldeck in one
cross section on the spot of the slow lane, values of
CSR varies between 18 - 35 N/mmz.

=2. Leiderdorp Bridge

For the measuring points at a midspan location on the
longitudinal stiffners of the orthotropic steeldeck the
characteristic stress range varies between 25 = 47 N/mm2
For the measuring points at the crossing of the longi-
tudinal stiffner and the cross stiffner CSR amounts

about - 20 N/mmz.

CSR =

n



4.3:2:3.

4932361

-3. Haagsche Schouw Bridge

The characteristic stress ranges of the measuring points
on the longitudinal girder as well as the cross girder

varies between 11 - 13 N/mmz.

The determination of the potential fatigue damage of a welded
joints starts from a standard Aoc-N curve. By means of the
use of the damage rule of Palgrem—-Miner Zni/Ni < 1 the
fatigue damage can be calculated.

In the following sections the fatigue life expectance calcu-

lations will be made for several stress spectra.

e e e e e e o e e T e e o S ot o ot e o ot ot e Tt e

For this detail of the structure we have used the maximum
stress spectrum of straingauge 5. The situation of this
straingauge is given in figure 4.3.4. on page 4-45. Using
the measured stress spectrum of figure 4.3.5. on page 4-45
and the Ac-N curve of class 85 with Aoy _ 85 N/mm2 the re-
quired design spectrum can be constructed (see figure 4.3.6.

on page 4-45). From this figure it appears that all counted
1)

I so for each class

stress ranges are smaller than Ao

1) Remark:

The Durch code states that of all stress ranges are
smaller than AOk, no fatigue damage will occur.

However if some stress ranges are larger than Aok (even
i1f the fatigue damage of these ranges is small) the men-
tioned calculation has to be made. This illustrates the
importance of the lower part of the S-N curve on the

fatigue life expectance calculations.



In the measured period of 45 hours Zni/Ni - 1,2155X10-4.
Using the measured axle load spectrum of this period and the
period of 24 hours continous measurements the total damage

for one day can be calculated.

=1

45 hrs N * Zn-i/Ni

1054 nhrs

10

So, (fn /N, )day =(26891/11261) 'x 1,2155%10"% = 5.0858%107°,

that means a fatigue life expectancy of 19.662 days

-1
(= l/Zni/Ni) or with 250 days a year - 78,65 years.

Using the characteristic stress range of gauge point 5 (see
table IV.3.4.: CSR. = 34.47 N/mmz) and the Ao-N curve of

class 85 with Ack = 85 N/mrr{2 it is possible to calculate a

wm

value

N = (85/34.47)5x107 = 9,l2x108, that is the number

of measured stress ranges in a period of 45 hours.

- nguy (26891/11261) "‘x9,12%x10° = 5,1089%10%
- n = 250%5,1089%10% = 1,2772x10"
year
That means a fatigue life expectancy of 9,12x108/l,28x107 =
71,4 year.
If welded joints of class 60 or 30 with Ao, = 60 or 30 N/mm2

k
were situated in the same location the design spectra changes

(see figure 4.3.7. and 4.3.8. on page 4-46). The fatigue life
expectancy would than be 11,69 years in the case of class 65
or 1.24 years in the case of class 30.

In both cases these values are not very realistic but they
give a very clear insight into the neccessity of a good

fatigue design of the bridge structure.



4.3.2.3.2. Stiffner_ of the bridge deck_of_the Rheden_ Bridge_crossing

o o S = e - e o S e e o — — ——

For this detail of the structure we have used the maximum s
stress spectrum of straingauge 13. The situation of this

straingauge is given in figure 4.3.9. on page 4-47.

Using the stress spectrum of gauge point 13 and the Ac-N
curve of class 40 with Adk = 40 N/mm2 the design spectrum
can be constructed (see figure 4.3.10. on page 4-47.
Calculations, which method is already given in section
4,3.2.3.1. give a fatigue life expectancy for this detail

of the structures of 57,92 years.

4.3.3.1. Extrapolation_of_ stress_spectra

For the Rheden Bridge axle loads and stresses have been
measured in several periods. For these periods (see chapter
3), the number of stresses of gauge point 5 have been ex-
pressed in the number of axle loads > 10 kN.

Using the number of axle loads counted in section 4.2. for

the total life of the bridge (100 years), the number of cycles
of gauge point 5 amounts l.lOg. Extrapolation of the measured
spectrum for l.lO9 cycles gives a maximum stress range of

110 N/mm2 (measured maximum amounts 80 N/mmz).See figure
4.3.11. on page 4.48.

Just as for the Rheden Bridge the measured stress spectra of
three measuring points on the Leiderdorp Bridge have been
extrapolated for a total number of stress cycles of l.109.
These number of stress cycles can probably occur in the

total life of the Bridge which amounts 100 years.
Extrapolation of the measured stress spectrum for measuring
point 7 and 9 gives a maximum stress rangezof 120 N/mm2 and

for measuring point 23 a value of 160 N/mm See figure

4.3.12-4.3.13 on page 4.49.



4.343.2

Using the fifth power relationship the damaging potential

of each stress range class has been calculated.

For the Rheden Bridge results of measuring point 5 are given
in figure 4.3.11. on page 4-48 and table IV.3.5. on page 4.48.
The following conclusions can be made.

~1. stress ranges smaller than 30 N/mm2 are not important

-2. stress ranges between 90 - 100 N/mm2 are less important
-3. stress ranges between 100 - 110 N/mm2 are not important

So extrapolation into higher stresses does not have any case.

For the Leiderdorp Bridge results are given in figures 4.3.12
up to 4.3.14. on page 4-49 and table IV.3.6. on page 4.50.
The following conclusions can be made.

-1. Concerning measurement point 23.

- stress ranges smaller than 40 N/mm2 are not important

- stress ranges between 110 - 120 N/mm2 are less important
- stress ranges between 120 = 160 N/mm2 are not important
- stress ranges between 40 - 110 N/mm2 causes 97% of the

7

“total damage; the number of cycles amounts 8.10 .

-2. Concerning measuring point 7

- stress ranges smaller than 30 N/mm2 are not important

- stress ranges between 90 - 120 N/mm2 are not important
- stress ranges between 30 - 90 N/mm2 causes 98% of the
7

total damage; the number of cycles amounts 8.10 .

-3. Concerning measuring point 9
- stress ranges smaller than 30 N/mm2 are not important
- stress ranges between 100 - 120 N/mm2 are not important
- stress ranges bewteen 30 - 100 N/mm2 causes 97% of the

total damage; the number of cycles amounts 3.8 lO7



Summarising previous conclusions it appears that depent on

the measuring point:

-1, stress ranges smaller than 30 or 40 N/mm2 and stress
ranges higher than 90, 100 or 120 N/mm2 are not impor-
tant in relationship of fatigue damage.

—-2. the intermediate stress range classes causes 97 - 98%
of the total damage.

-3. the number of stress cycles in these intermediate stress
range classes amounts 3.8.107 - 8.107 so fifth power

relationship of the fatigue damage seems to be reasonable.

4.3.3.3. Characteristic_stress_range

Just as we have doen for the actual stress spectra it is
possible to calculate values of CSR for the extrapolated
spectra. Results as given in table IV.3.7. on page 4-51 shows
that the difference between a value of CSR of the extrapolated

spectra and the actual spectra is small.

4.3.3.4. Assumptions_for_ further_ analysis

For further analysis of the spectra the following assumptions
are made:

-1. the slope of the S-N curve amounts 1:5

=2 s AOk is the admissible value of the stress range Ack at

lO7 cycles

-3. the relationship between the stress range Ac and number

of cycles N is:

Using above mentioned assumptions graphs have been plotted
which give for several CSR-values the relationship between
Ad and N(N > 107) (see figure 4.3.15 on page 4-51).

In this way it is easy to calculate a minimum value for Ack
if the number of stress range cycles during the lifetime and

the characteristic stress range are known.



4.3.3:5,

For the Rheden Bridge the characteristic stress range of the
extrapolated stress spectra of gauge point 5 in the total
life of the bridge seemed to be 37,6 N/mmz.

Using the characteristic stress range of 37,6 N/mm2 and a

total number of cycles, which amounts l.lO9 in one hundred

yvears the following conclusions can be made:

-1. If NCSRZ) 1.lO9 cycles Aok = 94.4 N/mm2

=2 Ack = 90 N/mmz gives a fatigue life expectancy of 79 vears
-3. Aok = 100 N/mm~ gives a fatigue life expectancy of 133 years
-4, Aok = 110 N/mm gives a fatigue life expectancy of 214 years

Assuming that a lifetime of 75 years will be the minimum to

2

be wished, Ao, must have a minimum of 90 N/mm~. That means

according to tonclusions mentioned before, all damaging stresses
are situated in an area where N > 107. That means for the Dutch
code in the area where the slope of the S-N curve is 1:5 (see
figure 4.3.16 on page 4.52). For the new Eurocode it is even
more clear that it must be in that area (see figure 4.3.17 on

page 4-52).

Much more important are:
a. the situation of the S-N curve itself
b. the reasonableness of the slope 1:5

c. the point under which no fatigue damage will occur

Concerning the last item:

According to the Dutch rules no fatigue damage will occur when
Ao < 0,55 Ao, (N > 2.10°). .

The Eurocode says it must be < 0.63 Aop (N > 107).

For Ao, = 90 N/mm2 it will be 50 N/mm2 respectively 57 N/mm2

k
For Ao, = 100 N/mm® it will be 55 N/mm® respectively 63 N/mm°
For AOk = 110 N/mm2 it will be 61 N/mm2 respectively 69 N/mm2
e = (o5 1o

CSR CSR" °



4.

3.
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Conclusions

=1.

For the bridge structure with an orthotropic deck the
damaging potential of the Q@ - 10 N/mm2 stress range class
is neglectable small (0.004 - 0.13%) the number of stress

cycles in this class varies between 62 - 91%. The damage
of the highest measured stress range class (70 - 80 N/mmz)
for the heaviest stress spectrum amounts 18,7 - 48% so

extrapolation seems to be necessary.

For the bridge structures with longitudinal girders and

a deck of wooden boards, the damaging potential of the

0 - 10 N/mm2 stress range class is neglectable small

(1L - 2%), the number of stress cycles in this class varies
between 93,9 - 99,5%. The damage of the highest measured
stress range class (50 - 60 N/mmz) varies between 4 - 5%

so extrapolation seems to be not necessary.

The Dutch fatigue code states that if all stress ranges

are smaller than Ac no fatigue damage will occur.

'
However, of some sttess ranges are larger than Aok (even
of the fatigue damage of these stress ranges is small)
the mentioned calculation has to be made. This means for
the Rheden Bridge a fatigue life expectancy of about 75
years. This illustrates the importance of the lower part
of the S-N curve on the fatigue life expectance calcula-

tions.

2
Stress ranges smaller than 30 - 40 N/mm and stress
ranges higher than 90, 100 or 120 N/mm2 (dependent on
the spectra) are not important in relationship to fatigue

damage.

The intermediate stress range classes causes 97 - 98% of
the total damage. The number of stress cycles in these
stress range classes still amounts 3,8‘3{107 - 8ﬂ<lO7 cycles.
So a fifth power relationship of the fatigue damage accor-
ding to the Dutch fatigue code and the Eurocode seems to-

be reasonable.
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-3. Calculating a minimum value for Ack, that is the admis-

sihle value of the stress range at 10" cycles, it
appeared that the maximum stress range must be close to
the value of AGk of the welded detail if lifetime of
75 -~ 100 years will be the minimum to be wished.
Therefore the part of the S-N curve with a slope 1:3 is
not important for bridge components with a great number

of cycles.

Important are:

a. the situation of the S-N curve itself

b. the reasonableness of the slope 1:5

c. the point under which no fatigue damage will occur.
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Stress range Number of stress ranges Damaging notential in %

classes in % E
N/mmz mp.3 [mp.4 |mp.5 |mD.6 .3 | .4 .5 | mp.6
0 - 10 85.6 3.2 63.7 62.0 0.13 3.013| 0.008 0.007
10 - 20 10.5 13.0 12.0 16.0 3.74 0.559] 0.26 | 0.45 i
20 - 30 2.6 645 9.1, 110.8 12.14 3.59 |.2.00} 3.87
30 - 40 0.8 345 6.4 5.9 20.60 | 11.50 7.24 {11.29
40 - 50 ! 0.3 2.3 4.8 3.3 26.64 | 23.25 113.34 j22.43

50 - 60 0.1 1.0 2.6 1.4 22.65 | 29.39 126.20 [26.13
60 - 70 .0.02 0.3 1.2 0.5 9.79 ] 22,08 127.17 |21,72
70 - 80 0.004| 0.08 0.4 0.2 4.30 ! 19.91 |18.69 |14.06

* Total number of
stress ranges (77765 [ 115116| 1212877f 92269

Rheden Bridge damaging potential actual stress spectra
Table IV-3-1

Stress range Number of stress in % (actual spectra)
classes 6.41 hours . 3.00 hours 5.01 hours
N/mm2 mp.6 np.23 mp.24 mp.9 mp.26 mp.1l9 mp.21 mp.9 mp.7 mp.9
0 - 10 79.02 | 76.16 86.89 | 88.82 | 78.6 78.55 83.03 90.62 | 76.01 |86.75
10 = 20 8.11 6.80 | 5.48 5.32 7:15 14.52 11.74 4.75 | 10.09 6.34
20 - 30 i 5.13 $.53 3.05 2.55 5.48 | + 5.37 3.74 1.95 6.02 3.06
30 - 40 . 3.42 3.83 1.80 1.42 | . 3.27 1.08 1.03 1.14 3.68 17X
40 - 50 2.18 J.1§ 1.24 0.97 2.68 0.29 0,28 0.77 2.48-| 0.98
50 - 60 b 0% W4 1.74 0.71 0.49 1.46 0.15 0.11 0.38 1.10 0.55
60 - 70 0.66 1.43 0.43 0.29 0.92 0.02 0.05 0.19 0.54 0.34
70 - 80 0.30 1.32 0.41 0.14 0.45 0.03 0.01 0.20 0.09 0.26
sny 35579 | 34259 44763 50417 | 35769 11620 14424 25761 | 17631 | 30491
Stress range Damaging potential in % (actual spectra)
classes 6.41 hours 3.00 hours 5.01 hours
N/mm2 mp.6 mp.23 mp.24 mp.9 mp.26 mp. 19 mp.21 mp.9 mp.7 mp.9
0~ 10 0.009 0.004 0.013 0.02 0.007 0.07 0.086 0.03 0.01 0.017
10 - 20 0.23 0.08 0.19 0.34 0.15 3.15 3.00 033 0.37 0.303
20 - 30 1.86 0.83 1.36 2.10 1.49 15.0 12.26 1,72 2.81 1.88
© 30 - 40 6.63 3.07 4.31 6.28 4.80 16.2 18.25 5.25 9.20 5.65
40 - 50 14.50 9.00 10.42 15.06 | 13.80 15.44 ( 17.65 12.6 21.81 [11.34
50 - 60 21,74 13.37 1635 20.66 | 20.43 21.08 | 18.77 | 17.43 |26.41 [17.54
60 = 70 27.96 25.41 22,99 28.66 | 29.71 5.7 18.93 20.3 29.76 [25.15
70 - 80 26.92 48.14 44,34 26.82 | 29.63 23.4 11.07 4235 9.63 |38.13
»CSR (N/mmz) 30.67 36.57 46.55 26.01 [24.83 20.36 19.71 25.64 | 29.13 |27.56

Leiderdorp Bridge damaging potential actual stress spectra
Table IV-3-2



Stress range Number of stress ranges in % (actual spectra)
classes
N/mmz mp.13 mp. 14 mo. 15 mp, 16 mp.17 mp.18 mp.20 mp.21 mp. 2 mp.3
0 - 10 93.9 94.45 95.41 93.95 96.2 9845 99.48 98.9 9649 98.18
10 - 20 2 5.1 4.93 3:91 4.50 3.4 1.4 0.43 0.93 2.43 b 1y 2 §
20 - 30 0.96 0.51 057 - 0.89 0.3 0.11 0.08 0.12 0.64 0.11
30 - 40 0.03 0.10 0.11 0.25 0.05 0.02 0.007 0.01 0.03 0.0014
40 - 50 —= 0.01 0.059 0.01 0.01 i - - 0.006| -.-
50 - 60 =y = 0.002 == 0.002 0.0009 ~-.- - Sy = V =g
ng 38453 132512} 118085 | 133220 | 116527 | 98240 55917 18938 65377 [69139
Stress range Damaging potential in %
classes .
N/mm2 mp.14 | mp.1S | mp.16
0 - 10 1.75 1.9 1.01
10 - 20 22.24 18.92 12.87
20 - 30 29.55 35.62 29.85
30 - 40 30.40 36.65 45.16
40 - 50 11.57 |  6.97 7.19
50 - 60 4.48 - 3.92
csR (/mm?) | 11,1 | 10,9 | 12,4

Haagsche Schouw Bridge damaging potential actual stress spectra
Table IV-3-3

Characteristic Stress Ranae

Rheden: mp 3 18,44 N/m.m2
mp 4 30,48 "
mp 5 34,47 "
mp 6 30,69 "
Leiderdorp: mo 6 30,67 "
“mp 23 . 36,57 "
mp 24 46,55 *©

mp 9 26,01/25,61/27,56 N/mm>

mp 26 24,83 N/mm’
mp 19 20,36 "
mp 21 19,71 *
mp 7 29,13 "
Haagsche_Schouw:mp 14 1,1 "
mp 15 10,9 "
mp 16 12,4 "

Characteristic Stress Range - values of actual stress spectra
Table IV-3-4
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Table IV-3-5
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Figure 4.3.14

Stress range Humber of Damaaging potential in %
clo: stress ranges in %
np.7 mp.9 mp.223 mp.7 nn.9 mp.23
0 - 10 79.0 39.0 78.0 0.01 0.02 0.003
10 = 20 9.0 4.0 6.0 0.29 0.19 0.05
20 - 30 — 4.0 3.2 5.9 1.63 2.00 0.58
30 - 40 3.6 1.8 3,1 7.39 6.04 113
10 - 50 204 1.0 3.0 18.50 | 11.83 5.59
50 - 60 1.3 0.5 2.0 27.31 | 16.12 11.09
60 - 70 0.53 0.29 1.4 25.69 | 21.55 16.34
70 - 8¢ 0.15 0.15 0.9 14.79 | 22.77 21.58
30 - 90 0.02 5.05 0.49 3.56 | 14.20 21.38
‘| 90 - 100 0.002 | 0.009 0.14 0.57 4.45 10.89
100 - 119 3.8%107°| 0.001 0.052 0.0002| 0.80 6.70
110 - 120 2.0x1075] 2.2¢1073] 0.014 0.0017| 0.03 2.84
120 - 130 s -- 0.0033 g e 1.02
130 - 140 _ . 0.0006 - - 0.29
140 - 150 -- - 0.0001 = g oy 0.037
150 - 160 = - 2.8x10"7  -.- o 0.025
CSR (n/mn®) 29.9 27.46 38.98
=n; 1.10° | 1.10° 1.10°

Damaging potential stress spectra mp.7, 9 and 23, Leiderdorp
Table IV-3-6



Characteristic Stress

Range N/mm

2

actual spectra

extrapolated spectra

Rheden:
mp S5 34,47

Leiderdorp:
mp 7 29,13 29,9
mp 9 ¥ 26,00 27,46
mp 23 36,57 38,98

Characteristic Stress Range values of actual and extrapolated
stress spectra

Table IV-3-7
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Chapter 4.3.1. showed that in regulations for calculations

of fatigue .loaded welded joints in The Netherlands

the slope of A0-N curve have a value of 3 hanging to 5 for

N > lO7 at the characteristic stress range AOk.

To obtain the intended life it is likely that nearly all
stress ranges must be below AGk.

A number Znor5 may therefore be calculated for a stress:
spectrum that is proportional to its fatigue damage potential.
A smimilar number ZnL5 may be calculated for an axle load
spectrum; if stress range is proportional to axle load then

ZnL5 for the axle load spectrum that procuded it.

"Values of Znor5 have been calculated obtained during various

periods of measurements at the Rheden Bridge.
These values and the relationship between them is plotted in

figure 4.4.1. on page 4-56.

The results suggest that the hypothesis that ZnorS is propor-

tional to ZnL5 is reasonable.

In Ref. 6-7 is suggested that the contribution of an asphalt
surfacing provides a factor of safety whose value is unknown
and not yet taken into account during design. At normal
traffic speeds and lower temperatures its contribution to
compisite action could cause lower stresses and hence longer

fatigue life for welds.

Static and dynamic tests on a orthotropic steeldeck of the
Willembrug in Rotterdam (ref. 6-8) were carried out at our
laboratory to investigate the stress distribution of an
orthotropic steeldeck and the influence of the asphalt sur-
facing upon this. '

Figure 4.4.2. and 4.4.3. on page 4-56 and 4-57 shows
testingmachines and testspecimen. Figure 4.4.4. on page
4-58 gives the location of the measured points. The loading
statical as well as dynamical amounts 50 kN on a loadsurface

from 25%32 cm2.



In figure 4.4.5./4.4.6. on page 4-58/59 the magnitude defined

as the ratio between elasticity percentage at a point of the

deckplate with an asphalt surfacing of 50 mm and the elasti-

city percentage in the same point but know without asphalt-

surfacing is plotted against the temperature of the asphalt.

In the first place it appears that increasing temperature
and dynamic loading the contribution of asphalt surfacting

decreases according to loss of stiffness.

Second, at constant temperature but stopped traffic these con-

tribution also decreases, but in this case due to plastic

deformation.

The loading configuation may be important for welds in a
steeldeck; front wheels have single tyres and rear wheels
normally haven twin types. This difference means that a
front wheel may produce higher stresses than a rear wheel
although it is more highly loaded.

Using measured influence line data it is p&ssible to assess
the relative contribution of front and rear axles to poten-
tial fatigue damage.

Comparison of the maximum value of stress produced by the
front and rear wheels, per unit of wheelload has been done

for the Rheden Bridge in table IV.4.4.1. on page 4-59.

Except for the gauges 1 and 2 the front wheel produces a
significantly higher peak stress than the rear wheel per
unit wheelload.

Using stress and axle load spectra it is possible to cal-
culate the relative contribution of front and rear axles to
potential fatigue damage.

In section 4.4.5. it seems to be reasonable suggesting that

; 5
chrs is proportional to InL™.



4.

If the axle load spectrum is split into two, one for front

and one for rear wheels, the following relation may then

be proposed:

5 5 5

Zn% =kFZnFLF +k¥n§?

The values of kF and KR obtained from a multiple linear
regression analysis will relfect the relative contributions
of front and rear wheels to potential fatigue damage.

Some results are given in table IV.4.4.2. on page 4-59.
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Gauge Front wheel- | Rear wheel- | , - peak stress| = peak stress PL-
number load load E Wivses. Jous R wheel load 'P—R
- front wheel - rear wheel
(kN) (kN) (N/ma®/ KkN) (N/mm?/ kN)
1 17.6 51.0 0.2 0.19 1.05
2 18.2 51.8 0.25 0.29 0.86
6 18.4 52.6 1.14 0.93 1.23
7 18.2 51.8 1.54 1.14 1.35
11 17.6 51.0 0.47 0.32 1.47
12 17.6 51.0 0.46 0.32 1.44
13 18.4 52.6 0.55 0.34 162
15 18.2 51.8 . 0.79 0.40 1.98
16 18.2 51.8 0.4 0.29 1.38
17 18.2 51.8 0.73 0.43 1.70
18 18.2 51.8 0.69 0.45 1.53

Peakvalues static

. Relative contribution of

Table IV.4.4.1.

Gauge A kF kR
‘point 210'°

3 - 8.34 1375 0.00131
4 -152.71 .5006 0.2414
5 -298.00 .8892 0.4705
6 -127.00 .0928 0.2003

fatique damage

Table IV.4.4.2.

measurements at the Rheden Bridge

front and rear axles to potential
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General discussion of the results






5. GENERAL DISCUSSION OF THE RESULTS

Conclusions so far can be summarized as follows:

- From frequency distribution curves of axle loads it appears
that after about 8000 axle loads larger than 10 kN the
shape of the curve does not change very much. The number
of axle loads needed for a reliable shape of a frequency
distribution curve of stresses depend on the lateral distri-
bution of the axle loads. The results indicate that about
12.000 axle loads larger than 10 kN will be sufficient to
get a curve reliable enough to extrapolate for fatigue life

estimate calculations.

- There seems to be a good correlation between the shapes
of distribution curves of axle loads and those of induced
stresses. Relating stress spectra to axle load spectra it
appeared that the hypothesis that ZnGrS is proportional to
ZnL5 is reasonable. So it may be expected that knowledge
of the axle load frequency distributions, lateral distri-
bution (60% of the traffic drives 1in the same track of
about 300 mm) of these axle loads and the influence planes
will be sufficient for a computer simulation of the fre-

quency distribution curves of the stresses.

- This is only true of the dynamic behaviour of the bridge
does not influence the number of cycles. In this investi-
gation one of the bridges, a movable bridge, showed a far
larger number of cycles that could be expected from calcu-
lation. Analysis of these stresses into fatigue terms
showed however that the damaging potential of these small

stress cycles is neglectable.

- Analysis of the extrapolated stress spectra, for one hundred
years showed that stress ranges smaller than 40 N/mm2 (axle
load about 60 kN) and higher than 90 N/mm2 (axle load about
140 kN) are not important ‘in relationship to fatigue life
estimates because the damaging potential of these stress
range classes are small. The intermidiate stress range
classes (axle loads between 40 kN and 140 kN) cause over

95% of the damage of the total stress spectrum.



The numher of cycles in these classes amounts still
~33{107 = ~108 cycles, so a fifth power relationship of
the fatigue damage seems to be reasonable knowing the

design S-N curves of the different fatigue codes.

- Calculating a minimum value for Ac that is the admissible

’
value of the stress range A0 at lOg cycles, it appeared that
the maximum stress range of the spectra must be close to the
value of Adk of the welded detail if a life time of 75 -

100 years will be the minimum. Therefore the part of the
S-N curve with a slope 1:3 is not important for bridge
components with a great number of cycles. More important

is the position of the S-N curve itself, the correctness

of the assumption of slope 1:5 and the point under which

fatigue damage will not occur (fatigue limit).

- Assuming that the fatigue damage is proportional to the
fifth power of axle loads, an axle load of 73 - 79 kN
(characteristic axle load) is calculated, such that N-axles
of that load has the same fatigue damage potentional as

N-cycles of the load spectra.

~ Furthermore it appeared that two vehicle types, mostly the
artic, 2-axle trailer with a 2 or 3-axle semi-trailer
produce together 40 - 50% of the total damage of the
population of commercial vehicles. These two types presents

6 - 18% of the total number of commercial vehicles.

Finally it can be concluded that a lot of information is

now available about load spectra, stress spectra and their
relation to local traffic. It appears that some of the compo-
nents of the bridge will endure a large number of damaging
stress cycles.

However in most cases the stress cycles will be small.
Nevertheless it will be important for future bridge codes to
include fatigue damage calculations based on the now available
data to avoid on one hand unexpected and unwished fatigue
failures if someone is thinking only in terms of static loading.
and on the other hand to avoid unnecessary pessimism if anyone

is aware of a possible fatigue damage.



With respect to this the common European research has filled
up a large gap in knowledge and has certainly reached the
aim of the investigation.

It has been stated already that the determination of a
possible fatigue damage is highly depending on the shape of
the S-N curve in lower stress regions and on the fatigue
limit. Therefore in this final report no definite proposal
for a fatigue damage calculation can be made as long as the
shapes of the S-N curves in the different countries differ
so much (especially at low stress levels). That means that
the general problem of fatigue damage at low stress levels
and a high number of cycles is one of the most important
problems to be solved in near future. A number of fatigue

damage calculations in this report prove this statement.
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APPENDIX A

List of tables Page

Haagsche Schouw Bridge

A.TTIT.4.1. :  Analysed hours A-1
R.ITIT.4.2, : Date of measurements A-2

Rheden Bridge

A.IIT.4.3. : Analysed hours Group A A-3
A.ITTI.4.4. : Analysed hours Group B A-4
A.ITTI.4.5. : Analysed hours Group C A-5
A.ITT.4.6. : Date of measurements A-6

Leiderdorp Bridge
A.ITIT.4.7. : Analysed hours A-7
A.TIT.4.8. : Date of measurements A-8




APPENDIX B

List of tabhles

Haagsche Schouw Bridge 82 hours

B

B.
B.
B

«ILIT

ITT
ITT

5 6

.— : Axle loads histograms

.4

4.
4
4

- ¢ Axle distance histograms

=0 00

Rheden Bridge 62 hours

B.IIT.4.13- : Axle loads histograms._
B.IITI.4.20

B.IIT.4.21- : Axle distance histograms
B.IIT.4.24

Leiderdorp Bridge 24 hours

B.

B
B
B

TIiT

« LLT

» LLL
« LIT

.4.25- : Axle loads histograms
.4.32

.4.33- : Axle distance histograms
.4.36

Page

B=13=
B-20
B-21~
B-24

B=25=
B-32
B-33-
B-36



APPENDIX C

List of tables Page

Haagsche Schouw Bridge

Measuring points 2,3, 13-16, 18-21 (4.25 hours)

Rainflow counts Cc-1

Levelcrossings C~2

Measuring points 14, 15, 2Q- (11,45 hours)
Rainflow counts Cc-3

Levelcrossings Cc-4
Measuring points 2, 3, 13-18, 20, 21 (66,04 hours)

Rainflow counts C-5

Levelcrossings C=6

Rheden Bridge

Group_A__:_ Traffic_in_fast_and_slow_lane

Measuring points 1-10 (44,91 hours)
Rainflow counts c=7

Levelcrossings Cc-8

Measuring points 1, 2, 11-18 (8,86 hours)
Rainflow counts c-9

Levelcrossings C-10

Measuring points 1-6, 11-14 (7,96 hours)
Rainflow counts C-11

Levelcrossings _ c-12






