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"Measurements and interpretation of dynamic loads on bridges"
ECSC Contract nr. 7210-KD/6/604
Final report of the "Haagsche Schouw" bridge and the "Rheden" bridge.

Summary

This report contains the results of measurements on two Dutch bridges,
which intend to get a better insight of the relation between loading
and stresses of a bridge structure.

‘With the knowledge of such a relation it will be possible to predfct
the fatigue behaviour of highway 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 ofwhich 5 types are dual Tlorries subdivided into dif-
ferent axle distances.

Installed straingauges on several stringers and a cross girder recorded
the stresses in the bridge structure.

Computer programmes were made to arrange the data in a convenient order
(statical process) with the help of the laboratory computer.

The relation between the load on the bridgedeck and the stresses in the
measuring points has been recorded by measuring the influence planes sta-
tically as well as dynamically.

An investigation took place to deduce the traffic from the peak values of
the measured stresses on the bridge.

For one bridge the measured and calculated static influence planes are com-
pared together.

Analysis of the data of the measurements showed that:
- there is a lot of difference between the stress pattern of the measured

points in one cross section of the bridge due to the lateral distribu-

tion of the traffic; therefore in consequence of the lateral distribution

the number of axle loads needed to reach an accurate stress distribution

is 1arger than ta' reach the distribution of axleloads with thesameaccuracy. _
- the movable bascule bridge showed a considerable number of cycles after

the vehicles left the bridge due to dynamical effects.






1. INTRODUCTION

This report contains the Dutch contributionto a research program

of dynamic loads on bridges.

The object of this research is to get a better insight in the

behaviour of a bridge due to traffic loading.

Especially the relation between loading and stresses in various
* components of the structure is of interest.

When such a relation would be known it would become possible to
predict the fatique behaviour of highway bridges.

The results must be applied to a computer simulation; to this end
a lot of computer time was spent to gather the output of the
experiments into the proper statistical mode.

In the Netherlands two bridges have been chosen which satisfy the
following criteria:

- a single carriageway bridge

- a bridge with two lanes only

- a bridge with a simple structural system

- a bridge in a road where the traffic patternis not disturbed by exits
or entrances close to the bridge.

The first bridge on whichwas measured was one on highway 44 crossing the

river "Oude Rijn" at the "Haagsche Schouw".

The traffic measured ran from Amsterdam to the Haque.

The second bridge called the "Rheden Bridge" is situated on highway

12 crossing the river "IJssel"near Arnhem.



This bridge is serving the traffic abroad (Rotterdam-Oberhausen).

For these two bridges 180 hours of'measurements have been analysed
and as it turned out they contained 96.779 counted axle Toads
greater than 10 kN.

The mean traffic frequency expressed in axle loads > 10 kN for the
* "Haagsche Schouw Bridge" was about 195 per hour, measured in 82
hours and 747 per hour for the "Rheden Bridge" in a period of 98
hours.

Most of the measurements took place between 07.00-19.00 hrs.



2. MEASUREMENT OF THE TRAFFIC .
To determine the features of the traffic,weighbridges and magnetic
coils have been installed in the pavement behind the bridge (see
figure 2.1.).
DIVIDER
‘ ’ ’ , FAST LANE
DRIVE DIREQT/ON
5 I D D o
3
§ = MAGNETIC _COIL
= \ WEIGHBRIDGE
|22-125 _, 150 _ 100 150 _, EMERGENCY LANE
SHOULDER
Figure 2.1.
2.1. Magnetic_coils (vehicle Tength, speed and distances between

the axles).

When a vehicle passes over the coil the reactance of the coil

changes. The speed and length of a vehicle can be determined

from the difference intime of passing two subsequent coils and

their distance apart. _
The distance between two vehicles can be determined from the difference

in time of the coil being passed over and the vehicle speed.

The axle distance can be determined from the vehicle speed

and the difference intime of touching the weighbridges by the

wheels.
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The deflection of a weighplate is proportional to the
wheelload exerted. It was measured with straingauges.

The traffic distribution in the lateral direction was
determined coarsely by detecting loads in the fast and slow
lane while a fine determinationwas made usingthe measurements
of the stresses in the longitudinal stringers of the bridge.

The data aquisition system was based in the Raytheon 704 mini
computer. The addition of a highspeed-reader and highspeed
punch increased the possibilities e.g. greater data storage.
A computerprogramme was made to record the traffic loads and
magnetic coil output and to detect the peak values of the
measured stresses.

A11 these quantities were recorded on punchtape.

Other computerprogrammes were made to analyse the signals and
to arrange them in a-convenientrder (statistical process)
with the help of the laboratory computer (Hewlett-Packard).



3. DESCRIPTION OF THE MEASURED BRIDGES AND THE LOCATION OF THE
MEASURING POINTS

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

The structure consists of two main steel givrders and a number’
of crossgirders with lTongitudinal stringers on top.

The deck is made of wooden boards with an asphalt top layer.
Figure 3.1.1. shows some dimensions of this bridge.
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In a cross-section, various straingauges were applied

in order to get an insight into the distribution of the
stresses in that cross-section. .

From this it appeared that the stress-plattern in the
upper flange was disturbed by secondary effects such

as transverse bending of the flanges.

Therefore, at the final measuring points the strain-
gauges were only applied on the bottom flanges.

At each measuring point four active straingauges were
placed 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).

Figures 3.1.2.1. and 3.1.2.2. give the position of the
measuring points.

The numbers 1,2 and 3 on a crossgrider, the numbers 4-21
on various stringers.

It appeared that the analyses of the stresses in points
1-12 gave a lot of problems due to the dynamic response of the
bridge. . _

That is the reason why later on the points 2-3 and 13-21
were measured only.
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The bridge consists of two parallel independent bridges.
The south bridge was chosen for serving the eastbound
traffic (Rotterdam to Oberhausen).

The structure consists of two main steel girders with
five spans (45 + 50 + 105 + 50 + 45 = 295 meters) and
a number of crossgirders which are welded to the steel
deck plate.

The Tongitudinal stringers are stiffeners of the deck
plate which has an asphalt top layer.

Figure 3.2.1.1. shows some dimensions of this bridge.

arnhem drive direction DIMENSIONS OF THE RHEDEN BRIDGE SITUATED IN RW. 12 oberhausen

IJSSEL I A

megsured points

L0 L 40 40 L 40 L 40 4 40 | 45 " 50 105 N 50 \ 45

535 m.

Just as the measuring points on the "Haagsche Schouw Bridge",
the straingaugeswere attached to the bottomside of the

Tongitudinal stiffeners and one crossgirder.
Figure 3.2.2.1. shows the location of the measuring points.
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4.1.1.1. Measured static_influence_lines
As an example, the influence line of measuring point 13 belonging
to track B-B' is given in figure 4.1.1.1.1.
7/MM2'
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Figure 4.1.1.1.1.

As was to be expected the influence becomes largest if the axle
load is found in the crosssection which corresponds to point 13.

In the table on page 13 an example is given of all measured
influence factors for point 13 and 21.

Points 13 and 21 are symmetric with respect to the longitudinal
axis of symmetry.

This is approximately expressed in the values.



INFLUENCE-FACTORS MEASURING=-POINT 13 and 21

l . | —— AXLE-LOAD POSITION

oRacks| o' | 1 ] 2 | 3 | % | 5 6 | 7 |8 | 9 [10] ] 12]13]16]15] 16| 17

A=At |1 | -6 | -16| -26| -20| -6 |28 [106 |36 |[-4 |-20 |-21 {-18 |-11 | -4 | -2 | 0 | 1

B-B' 1| -6 | -15] =20 -20 | -7 | 32 166 45 | -3 | -21 |-25 [-17 |-12 -5‘ -2 | -1 1

C-C? .0} -7 | -15| =19 -26| -6 | 34 | 132 | 46 | -2 |-21 [-25 |-18 10 | -3 | -1~ 0 0

D-D' -1 | -6 | -13| -17| -15{ -3 {33 | 65|37 | 2 |-18 |-23 |-15|-10 | -& | -1 |~ 0 | 0 |
E-E' | -1] -6 | -10] -14| <12 -1 |23 | 30|25 | 2 [-13[-17 |12 | -8 | -& | -1 [.0o | o | 13| i~ &
6.6 [ -3] -2 (.-1] o 2| 1] 1 ol 0 | o 0| -1 | 2| 2| -2|-1]"-] -]
Cu-nt | Z2 ] -0 | 2| -1l 1] 1| o ol 1 | 1 1| -1 23| -2 of -] - ]

.10 | Zot -2 | -1l o 1| 1| 1 1| 1| 1 o -1 -1 3| 2| of -| -

K-K' | -2] -1 il of ol 1 1| 1 1 0 i B8] 8| =1 | <1 | S| =

it ooy 2| -1 -1 of o] 1 1| 1| 1| ol o] of -1| o of o o

B-B1 ~2| =1 0 1 1 o 0 1 1| e 2 1 1 1| -1 0 1{ 0

Bullt | k| 8| =a] < of 0 0 ol of 1 1| ‘0] «1| 1| =t 0] 1 1

D-D' | -4l 2| -1 o 1] o o o] 1| 2 il o} of 2| -1 | of 1] 1

B-E! a1 =% 3] s} ol 1 0 1] 1 2 3 2 1 1 3 A 5y | 21

G-G' i -u| -8| -12| -15| -19] -7 | 25 | 57| 31 1 | -12] 9| -5 o 3| 4| -| -
:j};Q{T ol -7 -13] -20| -19[ -6 | 30 | 115| 46 2 | 14| -7| -12| -4 0| -1 - - -

T 2 =-4| -11] -15| -15 -1 | 30 | 171| 45 i | wili] ~B]odl] o] 1] 5] =] =
K-K' | 10{ 8| =3| -9 6| 7 39| 116/ 42| 5 [ -9 |-12|-7 | o vl 3| -| -

Stress= axle-load(N) % influence-fctor x 10-6(1/mm2)=-—--N/mm2'

drive_direction(right) -
- . —— Amsterdan

&

. 1AAGSCHE SCHOUWBRUG

the & i N » T =
=T drive direction(left) . INFLUENCE FACTORS

Hague
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4.1.1.2.  Measured dynamic_influence lines
To get an indication of the dynamic effect a Torry has been
driven with different speeds in tracks B-B' and I-I'.
The results are presented in figure 4.1.1.2.1. as ratios between
the dynamic influence factors and the static influence factors.
An universal ratio cannot be given.

Another influence of dynamic loads is that the number of cycles

is Targer than the number of cycles that can be calculated with

the help of static influence factors.

This effect is shown in figure 4.1.1.2.2. where the analogue
recording of several measuring points are presented and the position
of a lorry 1is indicated with photographs.

A considerable number of cycles with a respectable magnitude occur
after the vehicle has left the bridge.
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4.2. The _processing _of_the_traffic_data

4.2.1. 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 4.2.1.1.

A=

5 s | 5]

(055 bl o | G —oo]

a2 | Al ol ollgosl . | Bl

«16, Y<2,6

( J12. Q—‘E’Q

sils | Z500¥%a3 1

.18. | 3,1<Y<3,6

— 13, %:\_;] '

Y=axle distance in M.

gt
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Figure 4.2.1.1.
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In group 1 all vehicles are placed, which do not belong to other
groups. All vehicles with two axles but with different axled 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.

Axle_loads

A1l 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 see figure 4.2.2.1.

When the Tatter number is a zero obviously it:iis. not a wheel-number but
the figure to which this number pertains is the average of axle Toads
of the specified type.

AXLE LOAD code
' “*““(ZE%:position of the fourth-axle

type of vechicle

L—‘—‘L"L—C («2) 43:)—" %AXLE DISTANCE code

position of the third axle distance
type of vechicle

Figure 4.2.2.1.
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4.2.3.

4.2.3.1.
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The numbers of axle Toads of a specific type and magnitude

are tabulated as given in figure 6.1.2.1.1. on page 32 .

The table is given for one of the Tanes. At the bottomlines

of the columns, the sum of the vehicles of a specific type and the
mean and standard deviation of the columns are given.

A sum of all measured axles in this particular lane with a specific
class of magnitude is given in the column headed "sum". )

Cumulative relative frequency curves are plotted for axle-loads
greater than or equal to 10 kN for both lanes.

Figure 6.1.1.1. on page 28 gives an example.

The Toads are occumulated from the largest class to the class
of 19-12 kN and divided by the total value.

Axle distances

The axle distances determined as stated in section 4.2.2. are grouped
both into classes according to their magnitude and to their location
between the axles as given in figure 4.2.2.1. on .page 25

With a method analogous to the one used for the load-data the axle
distances are treated (see figure 6.1.2.3.2. on page 36 ).
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8 THE PROCESSING OF MEASURED STRESS DATA

Bl The results of the measurements of the stresses are both 1level counted and
rainflow counted.
For the description of these methods see |1].
Only the Tevels crossed in upward direction are counted including
the values caused by the cars of which axle Toads were not counted
(< 8 kN).

5.1.1. Frequency tables_of level crossings
The Tevel crossing counts are gathered in frequency tables see
figure 6.1.3.1.1. on page 40

5.1.2. Modified relative freguency curves of level crossings
The level crossings counts are divided by the number of axle loads
larger or equal to 10 kN which passed over the bridge.
The results are plotted in modified relative frequency curves.
Usually, of course, a relative frequency is defined as the frequency
of the individual divided by the sum of all frequences.
Since this definition was net used here,the word modified is inserted.
This may lead to function values greater or lower than 1.

5.2. Frequency_tables_of rainflow_counts
The rainflow counts are gathered in frequency tables see figure
6.1.3.2.2.0n page 41.

8.2,2, Modified cumulative_relative_frequency curves_of rainflow_counts

The rainflow counts are accumulated from the largest class to the
Towest class. The results are divided by the number of axle-loads
larger or equal to 10 kN which passed over the bridge.

See figure 6.1.3.6. on page 43

The results are plotted in modified relative frequency curves of
‘rainflow counts.
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RESULTS

Figure 6.1.1.1. shows the results of the measured axle Toads
in the slow lane and the fast lane during 81.79 hours.

In this period 14.443 axle loads > 10 kN in the slow lane and
1476 axle Toads = 10 kN in the fast Tane have been registered.

From this figure it is clear that there is a lot of difference between

the traffic distribution in the slow lane and the fast lane.
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HAAGSCHE SCHOUW AXLE LOADS

FAST LANE N10= 1476
SLOW LANE N10=14443

DURATION OF MEASUREMENTS: 8179 HOURS
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Figure 6.1.1.1.
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This period of 81.79 hours is subdivided into 13 shorter periods
to investigate the difference between the results of the slow
lane and fast lane.

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 shows that this curve - calculated after
measurind 1476 axle Toads > 10 kN in 81.79 hours- is hardly enough
to extend this graph for a longer period (see figure 6.1.1.2. and
e P - T

Although in principle one would expect the fast lane curve to
coincide with the slow lane curve, such a result is impossible to
obtain in a finite measuring time.

IS — A . I 5 [N OS] S ) o 3 S SR I I 16 |
HAAGSCHE SCHOUW AXLELOADS FAST LANE
DURATION OF MEASUREMENTS 8179 HOURS; N10=1476
SUBDIVISION: 3438 HRS. N10.495
81.79HRS. b 5
<42 GHRS, N 109817 CORHRSNIOL2%
|
N s N
8179HRS.]
Lo W SRR SN
34.38HRS] "\~\\Ls\%
| T
N
| N\_
t
\\
\' tms
N
|
1075 1074 1073 10-2 107 100 101

NQIN10

Figure 6.1.1.2.
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From the frequency distribution of axle Toads it appears that the

axle loads of the dual Torries goes up with the size of the axle
distance.

This can be seen from the table of figure 6.1.2.1.1. but also

from figure 6.1.2.1.2. on page 32 and page 33.

The Tatter shows, the mean, the maximum and the minimum values

of the axle loads per type as obtained from the frequency distribution
tables.
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From the table in figure 6.1.2.1.1. it is clear that the distributions
in general are not symmetrical. On one hand this may be due to the
small ammount of data.

On the other hand there is a Tower limit to the measuring device
which'prevents small values to occur.

This distribution is given in figure'6.1.2.2.1. on page 34 .
One:reads.that 15,7% of all traffic has axle loads > 8 kN; and that
81,66% of this percentage are dual lorries.

These values are gathered in figure 6.1.2.3.1, on page 35

Vehicle intervals

The measured values are gathered in figure 6.1.4.1. on page 38 .
It can be read that 56-60% of the traffic runs in track C-C'.
See figure 6.1.4.2. on page 38
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HISTOGRAMS OF AXLE-LOANS OF TYPES 13, 16-Z0 ANID 1-AXLES OF THE FOLLUOWING MEASUREMENTS IN THE SLOGW LANE

CODENUMRBER: 6024 NUMEER: 3507 DATE: 11088

AXLE CODE: 130 121 132 133 134 135 136 160 161 162 170 171 172 180 131 18Z 190 191 192 Z00 201 202 1-AX SUM
AXLELDAD

KN— KN ,
0- pi

z- 4

4- 6

§- 10 . . . ’ R . 176, 243. 297. 446, S551. 645, 19. 37. 88. 4. 8. 11. 4. 10. 10. 2217. 4189,
10- 1z . . . : . . . 207. 130. 96. 398, 308, 235. 2. 0. 70. 11, 13. 13. 11. 7. 8. 435 1447,
12— 14 . . . o fi 4 . 50. 5%. S51.162. 165. 117. 86.125. 6z 16, 30. 18. 1. 4. 2 96, « 753
14- 16 . . . . . . 26, 30. 1S5. 65. 82, 55. 83.114. S53. 36. S5. 25. 4. 4. 2, 23.  490.
16— 18 I . 7. 10. S. 45 37. 33 87. 95. 68 37. 61. 33. 2. 6. 3. 7. 373
18- 20 | 4, 3. b 29. 24. 23 75. 59. 66. 31. 61. 33. 4. 8 4, 3. 32%.
z0- 22 . . . : ) . 1. 1, 1. 18, 8 13. S51. 43. S58. 41, S55. 23. 6. 16. 6. . 259,
22— 24 . . . ] ) . . . 1. 10, 11. 19, 46, 37. 48. 40. 45. 37. 3. 7. S. 3. 27S.
24— 26 ) P 8. 12, 10. 31. 33. 32. Sb6. S57. 41. 4. 19, 6. 1. z7i.
26— 28 . . . . 2 12. 5. 14. z1. 19. 23. S53. 49. 44, 10, 26. 2. . 258
28- 30 . s b e s s : 6 5. 8. 24, 17. 23. S3. 1. 44, 16, 33. 14 3. 285,
30- 32 . . . . T " . . 4 1. 5. 28, 1S, 2Z7. Sz 74. 47. 75 47. 1Z 2. 352
32— 34 N .2 ; : ’ . 1. 3. 4 1. 15 10. 19. 7. 42 4z 18 34. 13 1. 273
34— 36 1. . x i K s s . . 3 3 1. 12, 9. 15 S3. 45 S2. 23. 65. 17. 4,  350.
36—~ 38 . : : ; . A T .t 1. 2. 3 12 11, 18. 46, S5. 35. 36. S57. 23. 2. 336.
35— 40 3 1 1. 1 ; 3. 1. 4 14, 7. 14, S52. 35. 43. 49. 73. 23 3. 325
40- 42 . 1. 3. . 4 15, 2. 15 S4. 29. S0. 41, 71. 33. 1. 32z
42— 44 1. Z 1. 2. 2. 7. 11i. 8. 12. 34, &5. 74. 50.205 74. 2. &97.
44— 46 . . %, i 1 . 2. 1. 1. & 2. 3 37. 27. 27. 42, 90. 3b. . 309,
46— a4 . . L. 1. 1. : S. S. 6. 33. 36, 30. 48 6. 31. 1. 328
45— 50 2 , o . » .1, 1. 4. 11, 3. 27. 13. 21. 6%. 89. 41. . 321,
50— 52 . . ; ’ . . 3. 5. 4. 13. 9. 22, 87. 61. 40. . 252
$2— 54 1. 1 .. T . 2. 2. 3. 1S. 13. 21. 83. 8. 40 . 254,
C 54— Sb6 Z 1. 1. p 1 1. 1. 4. 18, 12, 18, 76. 44, 45 2. 24z
§ S~ 58 7 1= 4 & 1. 1. . 1. 19, 7. 16. 80. 36. S2. 1. 237
CS3- 60 . 1, 1. 1. : 1. 2. 2. 16. 5. 19. 33. 24. 61, 2. 207.
. 6O~ b2 1. . 1. 1 1 ; 1. 1. 1. 11, S, 12, 59 21, S5 z. 194,
I b2~ b4 3. 1 2. d 1 . 1. 2. 9. 3. 13 55 18. S57. 1. 216,
| b4~ b6 . A4, I 1 1. .12, 2. 10, 62, 17. Sa. 1. 173
L e6— 68 L.z 1. ; 4. 10. 2. 13. 45 12. &1, 1. 184,
| 68— 70 3. 1. 1. 1 1. i 1 . 6. 3. 9. 32. 11. 47. 5. 158
y 70- 72 . 3 2. 1. . : 1 2. 8 1, 2o 2z4. 6. 38 1. 135
| 72— 74 1. L. 2 b 1 . 3 2. 6 30. 9. 30 2. 124,
D74 76 . L T | 5 1. 3 6. 13. 3. 36. 111,
76— 78 2 2 . 2 11. 14, 7. 31. . 106,
L 78+ 80 2. 2 2 i 1 S. 9. 10. 5. 40. 1. 106,
80— &z 3. . .1 1 . 1 3. 3. 9.z 34 1. 0.
L Bx= 84 1, A & y 5 . 2 6. 8. 1: 20. 1. 71.
L ga- @6 . L. w de 2 1 1. s 6. 9. 26. 1 78.
i 8— 8% 2. 1. 2. 5. 2 1 2 1. 2 10. 10. 36. 122,
83- Y0 1. 4, 1. 1. ) 1. 1 6. S. z 17. 1 59.
70— 9z 3 . 2 1. 1, 1. 8. 17. 1 58
92— 94 3. 3 2 L 3 i 1 . 5. 7. 12. Vi 53
94— 96 3. 2. L ; s I 1. 1. 2. 6. 11 43,
. 96— 95 1. % 2 1L : 1 1. . b 13. b6.
PE— 100 Z. ; 1. 2. 2. 4 S. 47.
100- 10% 1. 1 s 3 1. 2 6. 1 47.
102~ 104 1. 1. 1 1. . 1. 1 4, 3 S. s9.
104- 106 1. 2. 1 z . . 4, : 36.
106- 103 1. : : : 3 1. S. 38.
108- 110 x, 3. i, 1. 1. 4, 52.
110- 112 1. 2. 3 1. 1 . . 8. 47.
11z—- 114 3. 1. " 1. 2. 1 7. 41,
114- 116 . : : : ; . ¢ ; i ; s m @ . : ; = 4, 3a. -
116— 118 1. . 2 ; « & . : » . . " s . v da 3. 3. 40.
115- 120 . .1 . 4 1. 3. 33.
120~ 122 . . . A . : : 7 . . . . . . . 1. 4, 24,
fzz— 124 . : L : : : ; . . . . . . . .1 . b, 36.
1z4- 126 . . 3 ¢ A ; 1. 1 3. 33.
126— 125 . 2 : 5. 27.
128~ 130 2 1. 3. 26.
130- 132 2. . . 22,
132~ 134 2. 1 7. 36.
134—- 136 . . . . 5 2 . 1 13.
136- 138 . . . . : . . . ) . . .o . . . . . . ;. L g 20. .
133~ 140 . : ; : , ; : : ; i ; , i ; ; : ) : ; ; : : 13.
140- 147 . 3 s g ; ; ; ; ; ; ; ' . : 5 ; ; : 3 . ; ’ ; 6.
142- 144 . . . . . : . . : . I . 3 ) ! . . . . . 5L . 12. =
144- 1446 . . . g : ] : ’ : : : . . . . . . . . . : 13,
146= 143 . . . . . . . ; : : : , s . : . » g : . " 11,

14g- 150 4
150~ 1952 4 . . " . . 3 y 5 " o ‘ " . 8 2 . " . . . g . 3.
198~ 154 . . . . . . @ 3 . . x " ’ . . . . o« o . . 1. . 7.
154- 194 1
156- 198 4
1

158- 160 1 . 5 v 3 8 2 . ‘ 9 s 5 s " 8 . . % 28 ‘ 1. 2 :

St 32 478 1223 763 1000 1326 28381 8759/ 16705
MEAN: 852 65 P00 78, %2, 77.101. 12, 12, 12, 13, 13, 13 23, 20. 24, 33, 32. 42, 55. 45, 645, 11, 36.

ST. DEV: 215, 90, 233, 204, 294, 303. 334. 43. 46. 52, S4. 45, 66,119, 99. 151, 159. 122, 142, . . . " .o#0. 1

Figure 6.1.2.1.1.




81,79 HOURS
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HAAGSCHE SCHOUW AXLE LOADS FAST LANE
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COUNTED VEHICLES TYPES 1-20
("Haagsche Schouw Bridge")

" hours 81.79

Measurement 101-3507 : -

Figure 6.1.2.2.1.

VehicTé types‘ Faé% lane Slow lane Sum
number % number| % number %
1 9o 1 0.11 49 0.72 | 50 0.65
Do

2. @ 10 1.12 205 | 4.36 | 305 3.98
3 g |1 0.11 | 9 0.13 | 10 0.13
ca g T 6 1.79 | 245 | 3.62 |261 - | 3.41
5. (o) 24 0.35 | 24 0.31
6oLl |5 0.56 | 47 |o0.70 |52 0.68
el el ] 3 0.04 |3 0.04

& 05 117 0.78 | 211 |3.12 | 218 2.85

9. 5 J | 22 2.46 314 | 4.64 | 336 4,39

1.5 J | 7 0.78 | 73 | 1.08 |80 1.05
1.5 4 0.06 |4 0.05

2. Q5 ) |1 0.11 | 23 |0.38 |24 0.31

B3OS J | 2 0.22 |35 |o0.52 |37 0.43
.16.@ Y=2.6| 84 9.40 | 517 |7.65 |60l 7.85
17 o gey<3.1| 394 44,07 | 1313 | 19.42 | 1707 22.30
18, 3.1<Y<3.5| 134 15.00 | 885 | 13.09 | 1019 13.31 {
19, 3.6=y<4.g 73 - |8.17 1163 | 17.20 | 1236 16.15
20, 4.6=Y 137 15.32 | 1551 | 22.94 | 1688 22.05

COUNTED VEHICLES TYPES 1-21
("Haagsche Schouw Bridge")

21, 1-AXLES 1711 | 65.63 | 3076 | 31.27 | 4787 38.48
1. t/m 20. 894 |34.31 | 6761 | 68.73 | 7655 61.53

1 t/m 21 2605 9837 [r2aa2

Total numbers of cars measured in 81,79 houres : 79.210

81.66

70

15,7%



HAAGSCHE SCHOUW BRIDGE
AXLE LOADS AND AXLE DISTANCES PER TYPE DURING MEASUREMENTS OF 82 HOURS

"T7€°2 179 aunbiy

Sum type 21 : 4787

slTow lane fast Tane
Counted ]Mean axle Toad per axle kN|Mean axle distance per axle M ! Counted jMean axle load per axle kN!Mean axle distance per axle M
Types | onicles| ALl 72| A3 | A2 | A5] A6 Al [A2 [A3 [ A4 | A5 vehicles| Al [A2] A3 | Ad [A5 | A6 Al [A2 |A3 [AG |A5
Lol | 205 | 50| 78] 67 3.8 (1.3 10 |a1]42] 27 3.8 1.1
LI s | ssl83i 3240 3.9/1.3]12 1 |30]20]|36]26 4.21.2]1.2 |
TN 245 | 51 69 43| 42 4.7 5.4 4.4 16 |32 42]| 2021 4715645 |
@-clmall 220 | 64| 82] 57 | 68! 64 4.4 11.7]4.5] 5.3
ool a7 571 781 47 | 43 23 4.9(4.914.4]1.4 5 |50|64] 42|38 |40 4.6 4.6 4.2 (1.4
(o ed 3 5711241 72 | 89| 59| 66 4,4 11.4]4.6]4.3| 1.7 '
G5 _J| 211 a0l 55| 57 3.16.0 ' 7 1282933 3.5 5.7 ’
) 314 571 86! 66 | 67 3.3 (5.9 1.7 22 {44 |61|45]47 3.216.211.8
Ay 73 611101] 62 | 64| 64! 3.3(5.411.2] 1.4 7 |51(59126|32 |33 3.305.3]1.3/1.3
o) |4 | as| 29f 30| 34 2.8 1.4 5.7 |
Mo el | 23 | 63lc0y64(73] 90| | 2.911.3{5.2] 1.9 1 |58 685846 |46 2.9 (1.3| 4.4|1.2
e 35 64189|77180| 76/ 99 | 3.1[1.3|4.8|1.3| 1.8 2 {52 |87 )64 |51 {55 /109 3.2|1.3| 4.5|1.2] 1.5
d_) | 5429 12 64 3.8 822 |11 48 3.4
Sum type 1 : 50 !
w
o
i

Total numbers of lorries : 7655
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HISTOGRANS OF AXILE-DISTANCES OF TYFES 9 - 13 AND 16 - 20 OF THE FOLLOWING MEASUREMENTS IN THE SLOW LA

CODENUMEBER: 4025 NUMRER: 3507 DATE: 110883

AXLE-DIST. Conk: 93 22 %3 101 10Z 103 104 111 112 113 121 122 123 124 131 132 (33 ¢

34 135 16-20
AXLE-DISTANCES
IN M.
- Lz :
L2- .3 ; § 1.
.3~ .4 1.
.4~ .5
.S5- . & .
Lb= 7 1. ; : s . ’
.7- .8 . . 1.
8- .9 . ;L . . i ; 2,
.9- 1.0 1 . z 1. j
1.0- 1.1 6. y 7. 6. : ; 1. ] . .
1= 1.2 11 . Lo 7. 1, g . 2 4 1
1.2- 1.3 28, . . 16, 17, 4, 10. .19, @ :
1.3~ 1.4 44, . . 26, 18. 1. 9. 1 _18. s T 4
1.4~ 1.5 16, . . 5 6. ; 7. e f S, 2. 3 g
1.5- 1.6 3. . . . 2 1. 2, 1. 1. .
1.6- 1.7 4, s ¥ . .
1.7- L.g i, . : ) . . 5 . 2
i.8- 1.9 10. . . . . _— y .1 «
1.9- 2.0 S6. . . 1. 5. . . o 7 2. 7 S
2.0~ 2.1 82. 2. 6 . . 8 2. 9 S.
2.1- 2.2 S1. 1. 3 . S .7 6.
2.2- 2.3 1 ; : : " ; e . 3s.
2. 3- 2.4 1 : 128.
2.4- 2.5 1 i .1 1. 5 & 160.
2.5~ 2.6 5. . . . 170
2 b~ 2.7 8. " i L. o= L 4, 3 155
2.7- 2.8 13. : . 1. 1, 3. 294
2. &= 2.9 7 1. s 2 ; . 8 . 1. 322
2.9~ 3.0 13. 3. . S. S. 298
3.0~ 3.1 11. 6. : o L i 5. 244,
53.1- 3.2 20. 9. 2. : 4, 132
3.2- 3.3 42, 1 7. 1. 1. 5. 133
3.3- 3.4 70. . 12: . T 4, . 160,
3.4~ 3.5 58 L. 13 1 . 2 : > 262,
3.5~ 3.6 26. : 10 1 193
3.6~ 3.7 7. 1. 3 . iy 5 : : . 115
3.7- 3.8 9. 1. 3 38s.
v 3.8- 3.9 5. 2 1 5 1 1 110.
3.9- 4.0 2. 6. . I ! 1 113
4, 0~ 4.1 . 3 ; A } 119.
4, 1- 4.2 2. 2 2. 1. 1. 1 174.
4.2- 4.3 4, 2 2. 1. . .ot . 2 165
4. 3- 4, 4 . S 1. : T 87.
4.4~ 4.5 1. a4 4, . . " 95,
4,5 4.6 . b 1. 1. 100.
4 6~ 4,7 1. L . . o o : y _— 108
4.7- 4.5 . 4 2. N . 7 125.
4.8- 4.9 1. s 1. . . . 4 135
4.9~ 5.0 2. 2z 4, 1. S. 104
5.0- 5.1 3. : 1. " P . 5. 89
S. i~ 5.2 4, g 4, : 1. 3. 110
5.2-'5.3 6. ; 7 § i B BB e e A . R 108.
-5. 3= 5.4 5. . v i 1.7 81,
5.4- 5.5 8. 1. o 51.
5.5~ 5.6 10. 3. 1 94
5. 46— 5.7 15. 9. 1. 3 95,
5. 7- 5.8 7. 3. 67.
5 8- 5.9 8. 3. : 72.
5.9- 6.0 16, 7 101.
T 6. 0= 6.1 12, 3. p 4 109%.
6. 1- 6.2 16. 3. 6 36.
b 2- 6.3 30. 1. 24
6.3~ 6.4 23, 2. 10.
6. 4= 6.5 1%. 2. . s.
b. 5= 6. 6 14. . 3.
6. 6- 6.7 14, . ; . ; i . . 4,
6.7- 6.8 17. 1 : s.
L b.8- 6.9 10. . . . 2.
b, 9= 7.0 y 3.
" 7.0- 7.1 10. 4,
7.1= 7.2 5. 2
7.2- 7.3 2. . . 1.
7.3- 7. 4 . .
7.4= 7.5 2, . . 1.
7.5~ 7.6 . 1.
7. b= 7.7 1.
7.7~ 7.8 1.
7.8= 7.9 1 .
7.9- 8.0 1. : 1.
] 0- 3.1 .L . . . . . . . 1L 4 ; ; . . . . . . 1:
MEAN: 3. 5%, (7. 33 S4. 12, 14, 28 14, S7. 29. 13. S2. 19 31. 13. 48. 13 18, 38, #0. 1
ZTANNARD DEV: . . . 31. 60. z4. 33, . 14,318, 21, 10.141. 20. 36, 9. 38 24, I, «0. 01

7

Figure 6.1.3.1.




VECHICLE SPACING

"Haaasche Schouw Bridge"

Number of measurements / measured period
Vehicle intervals

3201-3293 2301-3507  |1001-3507 101-3507

10,74 hrs. 47,31 hrs. (66,04 hrs. 81,79 hrs.
M-M Fast |Slow Fast | Slow [Fast [STow Fast | Slow

= 5 : 3 0 3

5 - 10 2 1 3 3 3 10 3 10
W = B 1 3 3 19 4 37 1 38
15 - 20 1| 2 |9 2 18 2 | 22
20 - 25 2 3 2 20 2 32 ’ 32
25 ~ 30 5 2 |23 ] e 38 2 | a4
- 35 2 i e . 01 2 | 36
3B - 40 e e . 21 1 | 26
40 - 45 H 2 |2 2 39 2 | 43
45 - 50 0 2= 40 0 | 40
o - R 1 3 1 22 2 35 > 38
id B 2 1 18 1 31 1 38
60 - 65 1 1 17 1 26 1 30
65 - 70 ? 25 39 0 | 43
70 - 75 2 19 1 27 1 | 28
s . 8 4 1 15 1 | 27 1 28
80 _ 85 1 4 1 20 3 28 3 29
% . G 6 2 28 2 39 5 13
90 - 95 6 1 18 1 29 ) 35
95 - 100 / 1) 33 2 40 2 | 42
100 - 105 ¥ £8 28 7 26 | 8
105 -- 110 " 18 25 0 | 29
10 - 115 v 16 29 0o | 31
115 - 120 ; 16 - 22 0 | 25
120 - 125 3 2 |19 2 32 2 | 35
125 - 130 7 26 1 34 1 | 36
130 - 135 4 12 24 28
135 - 140 4 1 26 1 36 1 38
140 - 145 1 3 1 18 2 22 | 2 24
145 < 102 | 691 575 | 3444 | 755 | 5076 855 | 5822

Figure 6.1.3.2.
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Figure 6.1.4.2,

Lateral distribution of the
"Haagsche Schouw Bridge"
Track m.p. 10.74 hrs. 47.31 hrs. 66.04hrs.
A-A' 15 4.45% 4,76 4.67
B-B' 13 0.89% 1.47 1.21
.C-C' 16 59.96% 55.93 57.73
D-D' 14 13.17% 11.94 12.29
E-E' 17 8.90% 8.31 8.81
G-G' 20 2.31% 4,76 4,19
H-H" 18 9.08% 7.65 7.12
I-11 21 1.25% 5.18 3.99
Figure 6.1.4.1. .
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The results of Tevel crossings and rainflow counts recorded during
a period of 66 hours are given in figure 6.1.31. and 6.1. 3.2. on
pages 40 and 41,

Just as the axle loads the results are plotted in frequency curves.
Figure 6.1.3.3. on page 41 shows the modified relative frequency curve
of Tevel crossings of the measuring points 2 and 3 on a crossgirder

and figure 6.1.3.4. on page 42 the measuring points on the Tongitudinal
stringers in one crosssection of the bridge.

The modified cumulative relative frequency curves of rainflow counts of
mp 2 and 3 are given in figure 6.1.3.5. on page 42 and these curves

of the measuring points on the longitudinal stringers in figure 6.1.3.6.

From figure 6.1.3.3. on page 41 and 6.1.3.5. on page 42 it appears
there is a Tot of difference between the stress pattern of mp 3 in
the fast Tane and mp 2 in the slow lane.

The same phenomena occur by the measuring points on the longitudinal
stringers situated in one cross-section of the bridge.

In figure 6.1.3.4. on page 42 it is clearly seen that the stress
distribution in measured cross-section differs markedly.

The stresses whichare 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.

So it is to be expected that a simulation can give a realistic result
if the lateral distribution will be taken into account.

Another important effect associated with the lateral distribution
is the number of axle Toads it takes to reach the final stress
distribution.

In general a slightly Tonger time is taken in the case of the axle-
loads (c.f. 1).



i POINT :
ILEVEL
N/ 2
a4z b- 41
41, 0- 39.
39. 4-  37.
37. 8- 36,
36, 53~ 34,
34.7- 33
3. 1—- 31,
21.5- 30
0. b= 23
28. A~ 26,
26. 85— 25
5. 2—  23.
25 7- 27
22 1= 20
720: 5—- 18,
18.9- 17.
17.3- 15
15. &~ 14
14, 72— 12
12. 6~ 11,
11. 0~ 9.
9.5~ 7.
7.9= 6.
6. 3- 4,
4.7- A
3.2- L.
1. &~ )
R &
~1. b~ -3.
-3. 2~ -4
-4, 7~ =4
-6.3- =7.
-7.9- -9,
-9, 5- =11
-11. 0- -12
-12. - -14
~14. 72— -15
-15. 8- -17
-17. 5= =153
-18. 9— =20
-20. 5= -2Z
-22. 1- -23
-25. 7— =25
=25. 2— =26.
=%, 8- =3,
-25. 4— =30
—-30. 0— =31
-31. 5- =33
-33. 1- -34
-34. 7- =34
-36. 3—- =37
-37. 8= =39
-37. 4— —41
-41. 0- -4Z
-42. b= -44
-44, 2~ -45
-45, 7- -47
-47, 3~ -43
-43, 9= =50
-50. 5— -5%
-52. 0- =53
-53. 6= -55
—-55, Z- =56,

HNOCOUVWNNEORUWN~UCBERONN=UNVWHNCOUNVWNNCOCNNRWYUNOTNILWOU~NNOLOUSNWD PO

138,
261.
434,
607.
331,
1062.
1357,
1671.
2004,
2713
4249,
6714,
104644,
16333.
26247,
23390.
14202
3394.
747.
249.
147.
0.
101.
87.

64,

17.

rOROW

4,
10.
19.
32.

So.
82,

157.

268.
496.
847.
1514,
Z477.
4523.
412,
13507.

31937.

Z29100.
16150.
2951.
633.

20.

i

v»r—-ar—r—-.—-n.—-—nr‘\l
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13 14° 15 16 17 13 20 24
1. .
1. & . i
2. 1 2. .
. 2 1. 2 :
2. 5 2. 3. 1.
S. 2. 10. Zs " 1.
12. 6. 24, 12, 3. 1.
30. 15. 44, 18. 6. (o
. 63. 21, 86. 26. 1. - 4
4 118, 38. 150. 33. 18. 2. 1.
1. 192 65. 247, 43, 16. 4, 2
7. 230. 115, 390, i 22. 8. 3.
15. 406. 175. 522, 95. 27. 13. 5.
29. 933. 277 682, 127. 38. 17.- S.
63. &h61. 404. 262. 173. 49, 283. i
128. 787. 549. 1047. 254, 7, 32. 1z,
217. 932. 700, 1214, 3957. 93. 40. 19,
330. 11469 824, 1483. S06. 126, 41. 21.
457. 1453, 1085. 1873. 74%. 129, 63. 23
644, 1874, 1249. 2447, 1050. 287. 90. S5.
959. 2520. 1735. 3397. 1490. 442, 130. 71
1454, 3487. 2486, 4788. 2253, 763. 196 137
27£5. 4915, 4024, 46852, 3716, 1397. 3234 224
3512 7011, 7409. 10024, 6734, 2919. 650 324
S5375. 11602, 13346, 16091, 13152 74462, 2617 453
11370. 27349, 38680, 375385, 29855, 25655 17552 2557
17814, 44385,  SA355. 43493 S6003. 48515, 27725 9045,
17429. 42753, S59720. 61782, 54424, 47252, 26343. 9006
8933, 22188, 26769. 27640. 31997. 25072. 6779. 2725
1740. 58472, [606. 8558. 7938, 4514, 429, 33, -
439, 1495, 2451, 23S1. 2131. 777. 42, 14
1SE. 474, 456, 590. 489. 138. = 2.
40. 113, 160. . 139. 114, 19. 1. 1.
17. 16. Z9. 27. 20. 1. 1. b
Z. A 1. 12, 8. i. 1. 2 i
1. 10. 6. 18 1. 1.
1. 1 10. 6. 1.
10. 6. 1. 1. 1.
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6.1.4. Comparison_between_the_computed_and_measured_level crossings

The axle Toads counted in the period of 4.25 hours and the influence
lines associated with a measuring point are put together to calculate
the theoretical Tevel crossings and rainflow counts.

The cumulative relative distribution curves of the measured axle

Toads in the fast Tane as well as the slow Tane are given in figure
6.1.4.1.

HARGSCHE SCHOUW AXLE LOARDS
MEASUREMENTS IN THE SLOW LANE N10=  658.
MEASUREMENTS IN THE FAST LANE NiQ= 31.
OURATION OF MEASUREMENTS:  4.2SHOURSe

QCKN)
240 280

200

160

.

" | ' ' ) N\\sLow LANE

: _ ™~

! 4
‘ FAST LANE \\‘\\‘\

40

\c
NG/NIC

Figure 6.1.4.1.
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The results of level crossings and rainflow counts measured

during 4.25 hours are given in figure 6.1.4.2. and 6.1.4.4.

on pages 46 and 47.

The theoretical Tevel crossings and rainflow counts for this period
are given in figure 6.1.4.6. and 6.1.4.7. on pages 46 and 47.

Both measured and calculated values are plotted in modified
cumulative relative distribution curves per measuring point

see for example mp 14.

As was already pointed out in section 4.1.1.2. the dynamical effects
may be important.

So it does not come as a surprise that emperical values do not
coincide with this statical calculation.



6.2

6.2.1.

6.2.1.1.
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Due to the road works the results of this bridge had to be split
up into three main periods.

- Group A : Traffic in both fast Tlane and slow lane
- Axle loads: 61,73 hrs. F.1. 7964 S.1. 38141

- Straingauges: 1-10 : 44,91 hrs

1,2 11-18 : 8,86 hrs

1-6 11-14 : 7.96 hrs

- Group B : Traffic in the slow lane only

- Axle Toads: 22,81 hrs. S.1. 21873
- Straingauges: 1-6,11-14 : 19,96 hrs
1-10 : 2,85 hrs

- Group C : Traffic in the fast lane only
- Axle loads: 13,27 hrs : F.1. 11674
- Straingauges: 1-10 : 10,17 hrs
1,2,7-10,15-18: 3,10 hrs

A11 data corresponding to these periods have been analysed, but not all
of them are reported here.

In the total measured period of 97.81 hours 79.860 axle Toads greater
than or equal to 10 kN have been analysed.

Figure 6.2.1.1.1. shows the results of the measured axle loads in the
sTow lane and the fast lane during 61.73 hours.
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In this period 38.141 axle lToads > 10 kN in the slow lane and 7964
axle loads > 10 kN in the fast lane have been registered.

From this figure it is clear that there is a lot of difference between
the traffic distribution in the sTow lane and the fast lane.

But it appears that the maximum Toad in both lanes is the same.

80 -

RHEDEN BRIDGE AXLE LOADS
DURATION OF MEASUREMENTS : 61,73 HOURS
FAST LANE N10= 7964
- SLOW LANE N 10=38141
L
lr—— N\\
1"\ \"N
=] SLOW LANE|
[FAsT CAnETT AL I~
: BN
\.\ N.\
Py
N
N \\
N N
N
NN
N
» -N :
0-° 107 0’ 1072 : 0~ 0° !

Figure 6.2.1.1.1.

10
NQ/N10

This period of 61.73 hours is subdivided into 18 shorter periods
to investigate the difference between the results of the slow lane

and fast Tlane.

See figure 6.2.1.1.2. - 6.2.1.1.4. on page 51 and .52.
It seems that about 3500 axle Toads > 10 kN are enough to record
the cumulative relative frequency curves of the axle loads in the

slow Tlane.
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For the fast lane on the other hand it shows that this curve
calculated after measuring 5800 axle loads > 10 kN in 44,91 hrs -

is hardly enough to extend this graph

for a longer period.

I [ [ 1 T T T TTTTT] T T TT11

z |
Mok, ' RHEDEN BRIDGE AXLE LOADS SLOW LANE
Q
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Figure 6.2.1.1.2.
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Figure 6.2.1.1.3.
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Figure 6.2.1.1.4.
6.2.1.2.  Frequency distribution_of axle_Toads and axle_distances
6.2.1.2.1. Relation_between_load_and_type_of vehicle

Anologous to the Haagsche Schouw Bridge it appears from the

frequency distribution of axle Toads that the axle loads of the

dual lorries go up with the size of the axle distance.

This can been seen from the table of figure 6.2.1.2.1.1. on page 54
but also from figure 6.2.1.2.1.2. on page 55 .

The latter shows, the mean, the maximum and the minimum values of
the axle Toads per type as obtained from the frequency distribution

tab]es._
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O

6.2. 1.3,

6.2.1.4.

w BB

From the table in figure 6.2.1.2.1.1. it is clear that the
distributions in general are not symmetrical.

On one hand this may be due to the small amounts of data.

On the other hand there is a lower limit to the measuring device
which prevents small values to occur.

This distribution is given in figure 6.2.1.2.2.1. on page 56.
One reads that 26% of all traffic has axle Toads > 8 kN; and
that 56,85% of this percentage are dual lorries.

This values are gathered in figure 6.2.1.2.3.1. on page 57.

Vehicle intervals

The measured values are gathered in figure 6.2.1.4.1. on page 59 .
It can be read that 55% of the traffic runs in the same track see
figure 6.2.1.4.2.
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COUNTED VEHICLES TYPES 1 - 20
("Rheden Bridge")

Figure 6.2.1.2.2.1.

Measurement - 61,73 . - hours
“Vehicle types Faéf lane Slow lane Sum
number o number| % number %
L 58 1,62 | 318 2,45 376 2,27
20 gl ] 116 3,24 | 790 | 6,00 | 906 | 5,48
3 4 0,11| 19 | 0,15 23 | 0,14
a4 g 13 3,77 | 984 | 7,59 | 1119 | 6,76
5 I ool | 24 0,67| 187 | 1,44 | 211 | 1,28
6 o) | 63 1,76 | 494 | 3,81 557 3,37
7 g JoJ | 16 0,45 | 141 | 1,09 | 157 | 0,95
8. 05 1| n 1,98 | 526 | 4,06 | 597 | 3,61
9. Q50 | 249 6,95 | 1528 | 11,79 | 1777 | 10,74
10. G5 ) | 158 4,41 | 892 6,88 | 1050 6,35
1. G ] 27 | 0,21 27 | 0,16
12. Q%] 18 0,5 | 152 1,17 170 1,03
13. m 16 0,45 | 155 1,2 171 1,03
,16@:] y=2 .5 713 19,91 | 804 6,2 1517 9,17
5 ‘ '
A7 2.6<v<3.1| 851 23,76 | 1218 9,4 2069 | 12,51
18.  3.1<Y<3.6| 286 7,98 | 888 6,85 | 1174 7,0
19. " 3.6=y<4.g 388 10,83 |1880 | 14,5 2268 | 13,71
20.  4.6<y 416 11,61 |1959° | 15,11 | 2375 | 14,36 |
COUNTED VEHICLES TYPES 1 - 21
("Rheden Bridge")
21, 1-AXLES | 3059 46,06 |3554 | 21,52 | 6613 | 28,56
1. t/m 20. 3582 53,94 [12962 | 78,48 | 16544 | 71,44
1 t/m21 6641 16516 23157
Total numbers of cars measured in 61,73 hours : 89,126

- 56 -

56,85%

26 %



RHEDEN BRIDGE
AXLE LOADS AND AYLE DISTANCES PER TYPE DURING MEASUREMENTS OF 62 HOURS :
sTcw lane fast lane
Types Counted [Mean axle load per axle kN[Mean axie distance per axle M| Counted |fean axle Toad per axle kN|Mean axle distance per axle M
vehicles| Al |'42 | A3 | A4 [A5 | AG Al [AZ |:A3 |A4 |A5 vehicled Al | A2 | A3 | A4 | A5 | A6 Al [A2 (A3 |Ac ! A5
‘QEQ;J 750 43 |48 | 43 L 3.7 | 1s3 116 36|46 | 34 3.4 11,1
; 48 {56 1 57 ;58 4.011.0]0.8 4 5141|5446 3.910.8 {1.2
43 157 | 40 138 4,8 (5.3} 4.7 135 37 1503028 4.8 15,1 (4.7
54 16652 |61 |60 4.511.314.814.9 24 48 | 63| 471 53 | 47 4,4 11,3 |4.7]4.7
| 5171|5043 |44 4.914.714,471.3 63 40|50} 31|27 |26 4.6 14,6 14.3]1.3
é; 59180151 |69 |56] 49 4.311.,214,214.11.4 16 49 | 69| 50| 57 | 53 |42 4,2 (1.2 {4.2] 3.9] 1.3
‘E 38 | 50 | 51 3.2 6.0 71 | 35|48] 45 | 3.2]6.1
i:: 48 _§8 53 | 59 3.4 (6.0 1.8 ‘ 249 40| 53| 38| 41 3.3|5.8 |1.8
}A 51|76 |50150 |53 3.51%6.31 1.3 1.5 158 43 | 60| 34| 36 | 36 3.4 (5.1 [1.31.3
;j 46 143141 |52 2.911.2j 6.1
- 50 1585|5565 |71 3.0 1.3 5.4(1.9 18 42 1 373942 |47 2.8 1.2 {5.31.9
51 51 |53 |48 {50 | 56 2.901.3/4.0]1.3]1.4 16 | 44|37{40]|32|32|4a 2.8 1.5 [4.0|1.1 1.5
13 48 .| 3.9 2654 12 45 3.3

Sum type 1 : 376

Sum type2l : 6613

Total numbders of lorries : 16.544

_LS_
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VECHICLE SPACING
"Rheden Bridge"
Vehicle Intervals Fast Lane Slow Lane
M-M number % number %

- 5 12 0,37 19 | 0,17

-- 10 48 1,49 98 0,88
106 - 15 70 2,17 195 1,75
15 - 20 62 1,92 245 2,20
20 - 25 65- 2,02 250 2,24
25 - 30 81 2551 282 2,63
30 - 35 49 1,52 255 2,29
35 - 40 65 2,02 274 2,46
40 - 45 46 1,43 228 2,05
45 - 50 33 1,02 199 1,79
50 - 55 30 0,93 205 1,84
5 - 60 32 0,99 199 1,79
60 - 65 37 1515 181 1,62
65 - 70 36 1,12 164 1,47
70 - 75 48 1,49 148 1,33
75 - 80 23 0,71 165 1,48
80 - 85 33 1,02 137 1,23
85 - 90 26 0,81 140 1,26
90 - 95 23 0,71 154 1,38
95 - 100 31 0,95 148 1,33
100 - 105 17 0,53 136 1,22
105 - 110 29 0,90 116 1,04
110 - 115 17 0,53 128 1,15
115 - 120 16 0,50 133 1,19
120 - 125 19 0,59 110 0,99
125 - 130 20 0,62 114 1,02
130 - 135 22 0,68 111 1,00
135 - 140 21 0,65 98 0,88
140 - 145 14 0,43 93 0,83
145 < 2200 68,22 6417 57,59

Figure 6.2.1.3.1.
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LATERAL DISTRIBUTION OF THE TRAFFIC
"Rheden Bridge"

Track 44,91 hrs.| 18,83 hrs.| 14,31 hrs.| 8,33 hrs.| 1,83 hrs.| 1,61 hrs.

A- A 1,3 % 1,5 % 1,1 % 0,9 % 0,7 % 2,4 %

B_opg | 13.6% |16.5% 9,5 %  |13,3 ¥ 9,7 % 16,7 %

c-c' | 55,0% |5,5% |[59,0% |43,5%  [57,6 4 -B1,6 %

D-D'| 22,04 |21,2% |23,9% (22,3% [P2.2h Q4,34

H-H 2,7 % 0,7 % 1,4 % 10,3 % 2,1 % 4,0 %

-1 2,4 % 1,3 % 1,1 % 6,1 % 6,3% 6,4 %

Jd - J' 1,3 % 1,3 % 1,5 % 1,0 % 1,4 % 0,8 %

K - K 1,9 % 1,1 % 2,6 % 2,7 % 4,0 %

Figure 6.2.1.4.1.
ABc DEFGH (S KL
£ G
£ H
o /
, # L _d
a B B el - .
) B ST N ) _1’ el
N YT e
T 112 12 14 15 1617 78, TP
/ : 1 2 \
: ) |

Figure 6.2.1.4.2.
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The results of level crossings and rainflow counts record during

a period of 45 hours are given in figure 6.2.2.1. on page 61 and
figure 6.2.2.2. on page 62.

Just like the axle loads the results are plotted in frequency curves.
Figure 6.2.2.3. on page 63 shows the modified re]ative‘frequency
curve of level crossings of the measuring points 1 and 2 on a cross
girder and figure 6.2.2.4. on page 64 the same curves of measurihg
points on the longitudinal stringers of one cross section of the
bridge.

The modified cumulative relative frequency curves of rainflow counts
of mp 1 and 2 are given in figure 6.2.2.5. on page 65 and the same
curves of the measuring points on the Tongitudinal stringers in
figure 6.2.2.6. on page 66.

From figure 6.2.2.3. on page 63 and figure 6.2.2.5. on page 65 it
appears that there is a Tot of difference between the stress pattern
of mp 2 on the fast lane and mp 1 in the slow lane.

The same phenomena occur at the measuring points on the longitudinal
stringers located in one cross-section of the bridge.

In figure 6.2.2.4. on page 64 it is clearly seen that the stress
distribution in the measured cross section differs markedly.

The stresses which are exerted in these points, where the traffic is
not frequent, are not only smaller but also occur less than the points
where most of the heavy traffic runs.

Even in the sTow Tane there is much deviation.

So it is to be expected that a simulation can give a realistic result
if the lateral distribution will be taken in account.
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COMPARISON BETWEEN THE TWO BRIDGES INCLUDING CONCLUSIONS

Measured traffic

The cumulative relative frequency curves of the measured axle loads
of both bridges are given in figure 7.1.1.
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Figure 7.1.1.

In the first place it is seen that the difference between the curves
of both Tanes of the "Rheden" Bridge is smaller than the difference
between the curves of the "Haagsche Schouw Bridge".

In the second place it is remarkeble, that the slow lane curve of the
"Rheden Bridge" is lower than the one of the "Haagsche Schouw Bridge".
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This difference can be explained if one compares the mean axle
load per type of the two bridge (see figure i O -
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Figure 7.1.2.

It appears that the mean axle load per type in the slow lane

of the "Rheden Bridge" is smaller than the corresponding value
of the "Haagsche Schouw Bridge". _

-This phenomenon is probably caused by the higher frequency of the
international traffic on the"Rheden Bridge". °
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Measurements showed that 15,7% of the traffic loads on the
"Haagsche Schouw Bridge" is caused by vehicles with axle loads
greater than 8 kN and that 82% of the lorries were dual lorries.
The same percentages for the "Rheden Bridge" are 26% and 60%.

From the frequency distributions of the axle loads of both bridges it
appeared that the axle loads of the dual Torries go up with the
size of the axle distances.

For both bridges it holds that 55-60% of all traffic runs in the
same track. '

. Generally the vehicle intervals of Torries on the "Haagsche Schouw
Bridge" are greater than 145 meters (= 90%).
For the "Rheden Bridge" this percentage is about 58%.

In order to construct the cumulative relative frequency curve of the
axle loads the table below shows the demand of time necessary.

Fast Tane 1476 (not sufficient) 7964 (not sufficient)

Haagsche Schouw Bridge Rheden Bridge
hours |number of axleloads hours [number of axleloads
Slow lane 81,79 14443 (sufficient) 61,7 38141 (sufficient)
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Measured stresses

The stresses in several points of one cross section of the construction
of both bridges differs markedly.

Especially where the traffic is not frequent, they are not only

smaller but also occur less than in the measuring points where

most of the heavy traffic runs.

Even in the slow lanes there is much deviation.

So it is to be expected that a simulation can give a realistic °

result if the lateral distribution will be taken in account.
Another important effect associated with the 1atera1 d1str1but1on

is the number of axle Toads it takes to reach the final stress
distribution.

Measurement and calculations on the "Haagsche Schouw Bridge" showed
that the dynamic effects: of this bridge are very important.

In general a slightly Tonger time is taken than in the case of

the axle loads. '

Measured_and_calculated influence_lines

For the "Haagsche Schouw Bridge" it appeared that the influence

Tines of points which are symmetric with respect to the longitudinal
axis of symmetriy are nearly the same. B,

An universal ratio between the dynamic influence factors and the static
influence factors on the "Haagsche Schouw Bridge" cannot be.given.
Another influence of the dynamic Toads 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 Tines.
A limited investigation with computed static influence Tines for

the "Haagsche Schouw Bridge" showed that the calculated stresses were
about 30% higher than the measured values.

Measuring static influence 1ines of the "Rheden Bridges" it appeared
that the influence of a static load for a point at mid-span of the
stiffeneris larger than the influence for a point on the spot of the
cross girder.
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DISCUSSION

The research done so far leaves some questions un answered.

They mainly fall into two categories. One categorie is related

to the loading of the bridge. The other deals with the transfer

of a particular loading pattern into stresses in various parts

of the construction.

From what was presented in section 6.1.4. it is obvious that the

calculation methods-do not Tead to a satisfactory description

of the experiments. It is to be expected that more sophisticated

computér-programmes produce a better result.

Such programmes are available, but there are two reasons why they

have not been used.

The first reason is that so far no one has had the time to run them.

If anyone would be would be able to compute dynamical effects.

The second reason is that for a computer programme to produce

output that fits the experiments, one needs better input.

In order to accomplish this a more detailed picture of the interaction

between parts is required.

At the moment handling this typ of information is a costly affair.

As was printed out in section 3 only a few parts of the bridges

have been considered.

In sight into the mechanism of the transfer of dynamical loads into

stresses that occur in the main g1rders is not available.

Further exper1ments are necessary.

The lateral distribution of the running traffic turns out to be of

major importance.

Until now this effect has hardly been investigated.

Two questions must be asnwerd:

- to what degree are fatique components in accurate when the lateral
lToad distribution is not accounted for

- what factors may be of influence on the lateral traffic distribution.
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Another matter related to the loads of the bridges is the charactor
af the traffic.

As is obvious from section quite difference in both the lateral
distribution an the vehicle spacing presented itself as a function
of the character of the traffic.

It is by all means clear that this point needs more attention to.

A small investigation has been performed whether the axle Toads can
been deduced from the measured stresses in the stringers. ‘
This investigation is worth to be continued with the gathered results.
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