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1 Measurements at manhole covers

1.1 Manhole cover #1 at “Rather Schulstraße”

The manhole cover #1 at “Rather Schulstraße” is typical for urban roads in Cologne. There is
laid an additional ring of concrete block stones around the manhole cover.

Figure 1: Manhole cover #1 at “Rather Schulstraße”; measurement with Backing
Board
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Figure 2: CPB measurements of noise from manhole cov er #1 at “Rather
Schulstraße” with Backing Board
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Figure 3: Reference surface for manhole cover 1 “Rat her Schulstraße”; measurement
with Backing Board
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Figure 4: CPB measurements of noise at reference sur face of manhole cover #1 at
“Rather Schulstraße” with Backing Board

Table 1: Results from CPB measurements of noise from  manhole cover #1 at
“Rather Schulstraße” with Backing Board (nor) and a t reference surface
(ref)

N 12

v [km/h] 38.9

MC 1 nor [dB(A)] ref [dB(A)]

A 26.74 33.47

b 31.20 25.78 D [dB(A)]

30 km/h 72.8 (9) 71.6 (4) 1.2

40 km/h 76.7 (6) 74.8 (3) 1.9

50 km/h 79.7 (10) 77.3 (5) 2.4
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Figure 5: Results from CPB measurements of noise fro m manhole cover 1 at “Rather
Schulstraße” with Backing Board (nor) and at refere nce surface (ref)

There is an increasing in noise level for the manhole cover of 1.2 dB(A) at 30 km/h and of
2.4 dB(A) at 50 km/h according to the reference surface.
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1.2 Manhole cover #2 at “Frankfurter Straße” (even)

The manhole cover #2 at “Frankfurter Straße” is typical for connection roads in the city limit
of Cologne. There is no additional ring of concrete block stones laid around the manhole
cover. At this site the manhole cover has only little difference in level with the road surface
surrounding. The small strip of grassland was covered with acoustical hard rubber mat.

Figure 6: Manhole cover #2 “Frankfurter Straße”; mea surement with Backing Board
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Figure 7: SPB measurements of noise from manhole cov er #2 at “Frankfurter Straße”
with Backing Board
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Figure 8: CPB Measurements of noise from manhole cov er #2 at “Frankfurter Straße”
with Backing Board

Figure 9: Reference surface for manhole cover #2 “Fr ankfurter Straße”;
measurement with Backing Board
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Figure 10: SPB Measurements of noise at reference su rface of manhole cover #2 at
“Frankfurter Straße” with Backing Board
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Figure 11: SPB and CPB measurements of noise at refe rence surface of manhole
cover #2 at “Frankfurter Straße” with Backing Board
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Table 2: Results from SPB measurements of noise from  manhole cover #2 at
“Frankfurter Straße” with Backing Board (nor) and a t reference surface (ref)

N 75

v [km/h] 54.3

MC 2 nor [dB(A)] ref [dB(A)]

A 28.19 21.00

b 31.33 33.63 D [dB(A)]

40 km/h 78.4 (11) 74.9 (9) 3.5

50 km/h 81.4 (5) 78.1 (4) 3.3

60 km/h 83.9 (6) 80.8 (4) 3.1

70 km/h 86.0 (10) 83.1 (8) 2.9

Table 3: Results from CPB measurements of noise from  manhole cover #2 at
“Frankfurter Straße” with Backing Board (nor) and a t reference surface (ref)

N 11

v [km/h] 46.7

MC 2 nor [dB(A)] ref [dB(A)]

A 21.30 24.55

b 35.97 31.56 D [dB(A)]

30 km/h 74.4 (22) 71.2 (6) 3.2

40 km/h 78.9 (12) 75.1 (3) 3.8

50 km/h 82.4 (12) 78.2 (3) 4.2

60 km/h 85.3 (17) 80.7 (4) 4.6
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Figure 12: Results from SPB and CPB measurements of noise from manhole cover #2
at “Frankfurter Straße” with Backing Board (nor) an d at reference surface
(ref)
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The results are similar to #1 but the difference in noise level between measurements with
and without manhole cover are greater (3.2 dB(A) at 30 km/h and 4.6 dB(A) at 60 km/h for
CPB). The difference in noise level for SPB is smaller because driver tend to avoid crossing
manhole covers with higher speed.
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1.3 Manhole cover #3 at “Frankfurter Straße” (uneve n)

The manhole cover #3 at “Frankfurter Straße” is typical for connection roads in the city limit
of Cologne. There is no additional ring of concrete block stones laid around the manhole
cover. At this site the manhole cover has a big difference in level with the road surface
surrounding. The small strip of grassland was covered with acoustical hard rubber mat.

Figure 13: Manhole cover #3 “Frankfurter Straße”; m easurement with Backing Board
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Figure 14: CPB measurements of noise from manhole co ver #3 at “Frankfurter Straße”
with Backing Board
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Figure 15: Reference surface for manhole cover #3 “F rankfurter Straße”;
measurement with Backing Board
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Figure 16: CPB measurements of noise at reference su rface manhole cover #3 at
“Frankfurter Straße” with Backing Board

Table 4: Results from CPB measurements of noise manh ole cover #3 at “Frankfurter
Straße” with Backing Board (nor) and at reference S urface (ref)

N 12

v [km/h] 44.7

MC 3 nor [dB(A)] ref [dB(A)]

A 39.91 22.33

b 24.88 22.93 D [dB(A)]

30 km/h 76.7 (18) 72.4 (4) 4.3

40 km/h 79.8 (11) 76.7 (2) 3.1

50 km/h 82.2 (12) 80.0 (3) 2.2

60 km/h 84.1 (17) 82.7 (4) 1.4
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Figure 17: Results from CPB measurements of noise fr om manhole cover #3 at
“Frankfurter Straße” with Backing Board (nor) and a t reference surface (ref)

The results are similar to #2 at 50 km/h but the difference to noise level from reference
surfaces is decreasing with speed from 4.3 dB(A) at 30 km/h to 1.4 dB(A) at 60 km/h. The
manhole cover is quite deep under the surface level of the road. Therefore the vehicles are
jumping over it at higher speeds, which makes less noise.
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2 Measurement of humps and bumps

There where four humps and bumps measured with CPB.

2.1 Hump and bump #1 at “von-Quad-Straße”

The hump #1 at “von-Quad-Straße” is typical for newer traffic calming areas in Cologne. The
whole road crossing is laid even concrete stones on top of an existing road surface with
smooth ramps at all sides of the crossing.

Figure 18: Hump and bump  #1 at “von-Quad-Straße”; m easurement with Backing
Board
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Figure 19: CPB measurements of noise from hump and b ump #1 at “von-Quad-Straße”
with Backing Board
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Figure 20: Reference surface for hump and bump 1 at “von-Quad-Straße”;
measurement with Backing Board
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Figure 21: CPB measurements of noise at reference su rface of hump and bump #1 at
“von-Quad-Straße” with Backing Board

Table 5: Results from CPB measurements of noise from  hump and bump #1 at “von-
Quad-Straße” with Backing Board (nor) and at refere nce surface (ref)

N 19

v [km/h] 39.5

MC 1 nor [dB(A)] ref [dB(A)]

A 17.72 28.00

b 40.07 32.56 D [dB(A)]

30 km/h 76.5 (4) 76.7 (5) -0.2

40 km/h 81.5 (2) 80.8 (3) 0.7

50 km/h 85.4 (4) 83.9 (5) 1.5

The Hump is very smooth and silent. The noise level is only 1.5 dB(A) higher at 50 km/h than
for the reference surface.
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2.2 Hump and Bump #2 at “Ackerstraße”

The hump #2 at “Ackerstraße” is typical for older traffic calming areas in Cologne. There is a
long strip of about 10 m laid with cobble stones on top of an existing road surface with steep
ramps at the beginning and at the end.

Figure 22: Hump and bump #2 at “Ackerstraße”; measur ement with Backing Board
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Figure 23: CPB measurements of noise from hump and b ump #2 at “Ackerstraße” with
Backing Board
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Figure 24: Reference surface for hump and bump 2 “Ac kerstraße”; measurement with
Backing Board
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Figure 25: CPB measurements of noise at reference su rface of hump and bump #2 at
“Ackerstraße” with Backing Board

Table 6: Results from CPB measurements of noise from  hump and bump #2 at
“Ackerstraße” with Backing Board (nor) and at refer ence surface (ref)

N 21

v [km/h] 28.1

MC 1 nor [dB(A)] ref [dB(A)]

A 23.91 34.95

b 39.75 27.70 D [dB(A)]

20 km/h 75.6 (22) 71.0 (5) 4.6

30 km/h 82.6 (17) 75.9 (4) 6.7

40 km/h 87.6 (26) 79.3 (6) 8.4

The Hump is very rough and noisy. The noise level is about 5 dB(A) to 8 dB(A) higher at
speeds of 20 km/h to 40 km/h than for the reference surface.
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2.3 Hump and bump #3 at “in der Bohnebitze, No. 13”

The bump #2 at “in der Bohnebitze, No. 13” is an extreme example of a bump in Cologne.
There is a high and steep rubber made bump laid across the road.

Figure 26: Hump and bump #3 at “in der Bohnebitze No . 13”; measurement with
Backing Board
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Figure 27: CPB measurements of noise from hump and b ump #3 at “in der
Bohnebitze, No 13” with Backing Board
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Figure 28: Reference surface for hump and bump 3 at “in der Bohnebitze No 13”;
measurement with Backing Board
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Figure 29: CPB measurements of noise at reference su rface of hump and bump #3 at
“in der Bohnebitze, No 13” with Backing Board
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Table 7: Results from CPB measurements of noise from  hump and bump #3 at “in
der Bohnebitze, No 13” with Backing Board (nor) and  at reference surface
(ref)

N 12

v [km/h] 29.7

MC 1 nor [dB(A)] ref [dB(A)]

A 34.50 35.96

b 31.89 24.64 D [dB(A)]

20 km/h 76.0 (13) 69.0 (15) 7.0

30 km/h 81.6 (8) 73.3 (8) 8.3

40 km/h 85.6 (13) 76.4 (15) 9.2

The Bump is very rough and noisy. The noise level is about 7 dB(A) to 9 dB(A) higher at
speeds of 20 km/h to 40 km/h than for the reference surface.
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2.4 Hump and bump #4 at “in der Bohnebitze, No. 6”

The bump #4 at “in der Bohnebitze, No. 6” is an extreme example of a bump in Cologne.
There is a high and steep rubber made bump laid across the road.

Figure 30: Hump and bump #4 at “in der Bohnebitze No . 6”; measurement with
Backing Board
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Figure 31: CPB measurements of noise from hump and b ump #4 at “in der
Bohnebitze, No 6” with Backing Board
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Figure 32: Reference surface for hump and bump 4 at “in der Bohnebitze No 6”;
measurement with Backing Board
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Figure 33: CPB measurements of noise at reference su rface of hump and bump #4 at
“in der Bohnebitze, No 6” with Backing Board

Table 8: Results from CPB measurements of noise from  Hump and bump #4 at “in
der Bohnebitze, No 6” with Backing Board (nor) and at reference surface
(ref)

N 13

v [km/h] 30.0

MC 1 nor [dB(A)] ref [dB(A)]

A 33.45 35.96

b 30.80 24.64 D [dB(A)]

20 km/h 76.1 () 68.0 () 8.1

30 km/h 81.4 () 72.4 () 9.1

40 km/h 85.4 () 75.6 () 9.8

The Bump is very rough and noisy. The noise level is about 8 dB(A) to 10 dB(A) higher at
speeds of 20 km/h to 40 km/h than for the reference surface.
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3 Measurements of tram crossings

There where five tram crossings measured with CPB, one of them with SPB also.

3.1 Tram crossing #1 at “Eiler Straße” (90°)

Figure 34: Tram crossing #1 “Eiler Straße” (90°); me asurement with Backing Board at
an angle of 45°
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Figure 35: SPB measurements of noise from tram cross ings #1 at “Eiler Straße” (90°)

with Backing Board at an angle of 45°
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Figure 36: CPB measurements of noise from tram cross ings #1 at “Eiler Straße” (90°)
with Backing Board at an angle of 45°

Table 9: Results from SPB measurements of noise from  tram crossings #1 at “Eiler
Straße” (90°) with Backing Board; normalised (nor) from an angle of 45°and
at reference Surface (ref)

N 42

v [km/h] 38.1

TC 1 nor [dB(A)] ref [dB(A)]

A 40.90 45.13

b 26.33 19.09 D [dB(A)]

30 km/h 79.8 (15) 73.3 (17) 6.5

40 km/h 83.1 (9) 75.7 (10) 7.4

50 km/h 85.6 (17) 77.6 (20) 8.0
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Figure 37: Reference surface for tram crossing #1 “E iler Straße” (90°); measurement
with Backing Board at an Angle of 0°
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Figure 38: SPB measurements of noise at reference su rface of tram crossings #1 at
“Eiler Straße” (90°) with Backing Board at an angle  of 0°
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Figure 39: CPB measurements of noise at reference su rface of tram crossings #1 at
“Eiler Straße” (90°) with Backing Board at an angle  of 0°

Table 10: Results from CPB measurements of noise fro m tram crossings #1 at “Eiler
Straße” (90°) with Backing Board; normalised (nor) from an angle of 45° and
at reference surface (ref)

N 12

v [km/h] 47.5

TC 1 nor [dB(A)] ref [dB(A)]

A 25.29 33.60

b 35.98 26.05 D [dB(A)]

30 km/h 78.4 (5) 72.1 (4) 6.3

40 km/h 82.9 (4) 75.3 (3) 7.6

50 km/h 86.4 (3) 77.9 (3) 8.5

60 km/h 89.3 (4) 79.9 (3) 9.4

70 km/h 91.7 (6) 81.7 (4) 10.0
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Figure 40: Results from SPB and CPB measurements of noise from tram crossings #1
at “Eiler Straße” (90°) with Backing Board; normali sed (nor) from an angle
of 45° and at reference surface (ref)
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3.2 Tram crossing #2 at “Rather Schulstraße” (90°)

Figure 41: Tram crossing #2 “Rather Schulstraße” (90 °); measurement with Backing
Board at an angle of 45°
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Figure 42: CPB measurements of noise from tram cross ings #2 at “Rather
Schulstraße” (90°) with Backing Board at an angle o f 45°
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Figure 43: Reference surface for tram Crossing #2 “R ather Schulstraße” (90°);
measurement with Backing Board at an angle of 0°
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Figure 44: CPB measurements of noise at reference su rface of tram crossings #2 at
“Rather Schulstraße” (90°) with Backing Board at an  angle of 0°
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Table 11: Results from CPB measurements of noise fro m tram crossings #2 at
“Rather Schulstraße” (90°) with Backing Board; norm alised (nor) from an
angle of 45° and at reference surface (ref)

N 12

v [km/h] 39.0

TC 2 nor [dB(A)] ref [dB(A)]

A 23.99 28.19

b 35.95 29.34 D [dB(A)]

30 km/h 77.1 (10) 71.5 (5) 5.6

40 km/h 81.6 (6) 75.2 (3) 6.4

50 km/h 85.1 (11) 78.0 (6) 7.1
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Figure 45: Results from CPB measurements of noise fr om tram crossings #2 at
“Rather Schulstraße” (90°) with Backing Board; norm alised (nor) from an
angle of 45° and at reference surface (ref)
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3.3 Tram crossing #3 at Berger Straße (90°)

The reference surface is 1.5 dB(A) louder at a speed of 40 km/h then the mean of the
reference surfaces of TC1-2 and TC5.

Figure 46: Tram crossing #3 “Berger Straße” (90°); m easurement with Backing Board
at an angle of 45°
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Figure 47: CPB measurements of noise from tram cross ings #3 at “Berger Straße”
(90°) with Backing Board at an angle of 45°
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Figure 48: Reference surface for tram crossing #3 “B erger Straße” (90°); measurement
with Backing Board at 0° angle
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Figure 49: CPB measurements of noise at reference su rface of tram crossings #3 at
“Berger Straße” (90°) with Backing Board at an angl e of 0°



SILENCE_F.D14a_20080115_bast_final.doc Annex A -  37

Table 12: Results from CPB measurements of noise fro m tram crossings #3 at
“Berger Straße” (90°) with Backing Board; normalise d (nor) from an angle
of 45° and at reference surface (ref)

N 9

v [km/h] 46.9

TC 3 nor [dB(A)] ref [dB(A)]

A 22.63 37.51

b 36.78 24.44 D [dB(A)]

30 km/h 77.0 (10) 73.6 (6) 3.4

40 km/h 81.6 (6) 76.7 (4) 4.9

50 km/h 85.1 (6) 79.0 (3) 6.1

60 km/h 88.0 (8) 81.0 (5) 7.0
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Figure 50: Results from CPB measurements of noise fr om tram crossings #3 at
“Berger Straße” (90°) with Backing Board; normalise d (nor) from an angle
of 45° and at reference surface (ref)
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3.4 Tram crossing #4 at Phillip-Reis-Straße (80°)

The reference surface is 2.3 dB(A) louder at a speed of 40 km/h then the mean of the
reference surfaces of TC1-2 and TC5.

Figure 51: Tram crossing #4 “Phillip-Reis-Straße” ( 80°); measurement with Backing
Board at an angle of 45°
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Figure 52: CPB measurements of noise from tram cross ings #4 at “Phillip-Reis-
Straße” (80°) with Backing Board at an angle of 45°
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Figure 53: Reference surface for tram crossing #4 “P hillip-Reis-Straße” (80°);
measurement with Backing Board at an angle of 0°
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Figure 54: CPB measurements of noise at reference su rface of tram crossings #4 at
“Phillip-Reis-Straße” (80°) with Backing Board at a n angle of 0°
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Table 13: Results from CPB measurements of noise fro m tram crossings #4 “Phillip-
Reis-Straße” (80°) with Backing Board; normalised ( nor) from an angle of
45° and at reference surface (ref)

N 14

v [km/h] 53.5

TC 4 nor [dB(A)] ref [dB(A)]

A 31.44 36.22

b 31.93 25.77 D [dB(A)]

40 km/h 82.6 (6) 77.5 (6) 5.1

50 km/h 85.7 (2) 80.0 (3) 5.7

60 km/h 88.2 (3) 82.0 (3) 6.2
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Figure 55: Results from CPB measurements of noise fr om tram crossings #4 at
“Phillip-Reis-Straße” (80°) with Backing Board; nor malised (nor) from an
angle of 45° and at reference surface (ref)
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3.5 Tram crossing #5 at “Deutzer Weg”

There were performed two measurements with CPB. One in the normal track and one about
80 cm more to the middle of the road. The results of later one were corrected to the distance
of 5.0 m.

Figure 56: Tram crossing #5“Deutzer Weg (45°); measu rement with Backing Board at
an angle of 45°
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Figure 57: CPB measurements of noise from tram cross ings #5 at “Deutzer Weg” (45°)
with Backing Board at an angle of 45°
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Figure 58: CPB measurements of noise from tram cross ings #5 at “Deutzer Weg” (45°)
with Backing Board at an angle of 45°

Table 14: Results from CPB measurements of noise fro m tram crossings #5 “Deutzer
Weg” (45°) with Backing Board (nor) and at referenc e surface (ref)

N 11

v [km/h] 45.8

TC 5_1 nor [dB(A)] ref [dB(A)]

A 25.12 25.55

b 32.44 31.01

30 km/h 73.0(4) 71.4(4)

40 km/h 77.1(3) 75.2(2)

50 km/h 80.2(3) 78.2(2)

60 km/h 82.8(4) 80.7(3)
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Figure 59: Reference surface for tram crossing #5 “D eutzer Weg” (45°); measurement
with Backing Board at an angle of 0°
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Figure 60: CPB measurements of noise at reference su rface of tram crossings #5 at
“Deutzer Weg” (45°) with Backing Board at an angle of 0°
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Figure 61: CPB measurements of noise at reference su rface of tram crossings #5 at
“Deutzer Weg” (45°) with Backing Board at an angle of 0°

Table 15: Results from CPB measurements of noise fro m tram crossings #5 “Deutzer
Weg” (45°) with Backing Board (nor) and at referenc e surface (ref)

N 12

v [km/h] 45.6

TC 5_2 nor [dB(A)] ref [dB(A)]

A 39.87 27.04

b 25.20 30.03

30 km/h 77.1(18) 71.4(2)

40 km/h 80.2(10) 75.1(1)

50 km/h 82.6(11) 78.0(1)

60 km/h 84.6(15) 80.4(2)
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Figure 62: Results from CPB measurements of noise fr om tram crossings #5 at
“Deutzer Weg” (45°) with Backing Board (nor) and at  reference surface (ref)


