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Abstract. This study addresses the research on the noise and vibration correlation of a bridge movement joint. The aim
of this research is to assess the noise induced by the vibration of a bridge movement joint without lane closure during
the operation period. There are two methods of developing the correlation between the tyre/joint noise and vibration:
(i) Direct Sound and Vibration Measurement Method, (ii) Acoustic-Box-in-Vehicle Method. The first one is the meas-
urements of the vibration change at a bridge movement joint and roadside noise change induced when a control vehicle
is passing it (this one requires lane closure). The correlation between the vibration change and roadside noise change is
plotted according the measurement data. The second one is the measurements of the structure-borne noise change in
an acoustic box installed into the control vehicle and roadside noise change induced. Similarly, the correlation between
the structure-borne noise change and roadside noise induced is plotted. It is found that the two correlations are linear
and similar to each other, even though the roadside noise is nonlinearly increasing against the control vehicle speed.
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1. Introduction

Traffic and other types of road traffic noise have long at-
tracted significant research interest (e.g. Ambrosio et al.
2014; Banerjee et al. 2014; Bocquier et al. 2014; Bueno et al.
2014; Dai et al. 2014; Kouroussis et al. 2014; Li et al. 2014;
Sygna et al. 2014). In Hong Kong, many elevated bridges
are built on top of the existing roads to mitigate the traffic
congestion. Some of them are less than 50 m away from
the buildings. Therefore, noise from the bridges influence
the occupants of the buildings. Limited studies are made
to study the tyre/joint noise which is caused by the colli-
sion between the tyres of the vehicles and the bridge move-
ment joints. On the contrary, more studies (e.g. Braun,
Schulze 2007; Hanson, James 2004; Hemmert-Halswick
2007; Spuler et al. 2007) are made to study the tyre/road
noise which is caused by the collision between the vehicle
tyres and the road surface. The documents related to tyre/
joint noise are therefore selected as references. In the two

ISO standards, ISO11819-1:2001 Acoustics — Measurement
of the Influence of Road Surfaces on Traffic Noise. Statistical
Pass-by Method, and ISO11819-2:2000 Acoustics —Meth-
od for Measuring the Influence of Road Surfaces on Traffic
Noise Part 2: Close-Proximity Method, there are two meth-
ods, namely Statistical Pass-by Method and Close-Prox-
imity Method, respectively, for the measurement of tyre/
road noise. However, the methods are used in this study
because the effective width of a bridge movement joint for
measurement is too small comparing with that of the road
surface. Moreover, as shown in Fig. 1, two microphones
are required to be fixed at one side of the control vehicle
(20 cm away from the tyres and 10 cm above pavement
level) making them to be damaged easily when the control
vehicle runs on inclined sections of a bridge. It is seen that
the current methodologies for measuring tyre/road noise
are not suitable for measuring tyre/joint noise. Hence, two
methodologies of assessing tyre/joint noise are introduced
in this paper.
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2. Methodology and measurement

Two methodologies are studied:

i) Direct Sound and Vibration Measurement Metho-
dology and

ii) Acoustic-Box-in-Vehicle Methodology (Wong et al.
2009).

One of the major differences between the two metho-
dologies is the lane closure requirement. Direct Sound and
Vibration Measurement Methodology requires lane closu-
re while Acoustic-Box-in-Vehicle Methodology does not.
In these two methodologies, the data acquisition system is
switched on just before the tyres of the control vehicle collide
with the focal bridge movement joint and it is then switched
off after passing through it. Data from the sound level meter
and that from the accelerometer are synchronized and recor-
ded. That is considered as one set of measurement data. The
movement joint measurements are repeated to acquire sets
of data for various vehicle speeds and joint locations.

2.1. Direct Sound and Vibration Measurement
Methodology

In the proposed methodology, sound and vibration re-
sponses are measured on the road surface. With lane clo-
sure, the noise and vibration change due to the interaction
between the tyres of the control vehicle and bridge move-
ment joint are measured directly on the bridge surface.
The measuring instruments are placed on the closed lane
while the control vehicle runs on the open lane which is
next to the closed lane as shown in Fig. 2. A private car is
used as the control vehicle, shown in Fig. 3.

The measuring instruments shown in Table 1 are em-
ployed to form a data acquisition system. The system con-
sists of a sound level meter with a microphone, an accele-
rometer, a signal conditioner, and a data acquisition unit.
They are used to capture the sound and the vibration res-
ponses simultaneously when the control vehicle passing
through bridge movement joint.

Three measurements, using the Direct Sound and
Vibration Methodology, were carried out on Bridge A on
different dates as shown in Table 2 and Fig. 4. The roadside
airborne noise change and the vibration change are calcu-
lated by the following formulas respectively:

<P“2 >uvg
(P )

where A ;. - airborne noise change; P, - the sound pres-
sure captured by the roadside microphone just before the
control vehicle passing through the joint; Profa= the sound
pressure captured by the roadside microphone when the
control vehicle passing through the joint; <> ,,, - tempo-
ral average for the duration when the tyres of the control

vehicle passing through the joint

<Vr2 >avg
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A, =10log (1)

A, =10log

where A, - vibration change; V, - the vibration captured
by the roadside accelerometer just before the control vehi-
cle passing through the joint; V¢, - the vibration captured
by the roadside accelerometer when the control vehicle
passing through the joint; < >, - temporal average for
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the duration when the tyres of the control vehicle passing
through the joint.

Table 1. Details of the measuring instruments

Instruments  Manufacturers Model No. Error
Sound level Rion NA28 +0.5 dB
meter
Accelero- Kyowa AQS-2BL +1%
meter -
Signal N
conditioner Kyowa VAQ-500A +1%
Data i NI-9162
acquisiion . Nauonal +0.02%
unit instrument NI-9215

Table 2. Details of the measurements carried out on Bridge A

Joint location Bridge A
27 April 2008
Date 27 July 2008
30 November 2008
Joint type Type A (Fig. 4)
Methodology Direct Sound and Vibration

Measurement Methodology

Fig. 4. The bridge movement joint on Bridge A
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Fig. 5. Setup schematic of Acoustic-Box-in-Vehicle Methodology

2.2. Acoustic-Box-in-Vehicle Methodology

The advantage of the Acoustic-Box-in-Vehicle Methodol-
ogy is that there is no lane closure requirement. The in-
struments shown in Table 1 are also employed to form a
data acquisition system which is used to capture the sound
and vibration responses simultaneously when the control
vehicle passing through bridge movement joints. The in-
struments are placed within the compartment of the con-
trol vehicle, as shown in Fig. 5.

The microphone, which is installed in the acoustic
box mounted inside the control vehicle, is used to measure
the structure-borne noise induced by the tyre/joint inte-
raction. The acoustic box is placed near the rear wheels of
the control vehicle. A microphone is placed at the roadside
which also captures the sound levels before, during and af-
ter the control vehicle passing through a bridge movement
joint. In the direct sound and vibration measurement, the
tyre/joint noise was found highly correlated to the vibra-
tion near the movement joint when the control vehicle
passes through it. In the Acoustic-Box-in-Vehicle measu-
rement, the tyre/joint noise was found highly correlated to
the structure-borne noise in the acoustic box.

The airborne noise change captured by the roadside
microphone is calculated by Eq (1) while the structure-
borne noise change captured by the microphone inside the
acoustic box is calculated by the following formula:

(P}
<Pr2ef,s >avg

where Ay, - structure-borne noise change; P, - the
sound pressure captured by the microphone inside
the acoustic box just before the control vehicle passing
through the joint; P, - the sound pressure captured by the
microphone inside the acoustic box when the control vehi-
cle passing through the joint; < >, - temporal average for
the duration when the tyres of the control vehicle passing
through the joint.

Table 3 and Fig. 6 shows that a measurement was car-
ried out on Bridge B to study the relationship between the
structure-borne noise change due to the control vehicle
running across the joint and the tyre/joint noise induced.
Acoustic-Box-in-Vehicle Methodology was used. The me-
asurement was carried out at the non-operational period
of Bridge B. No vehicles, except the control vehicle, were
allowed to enter the measurement site.

A, =10log (3)

2.2.1. The acoustic box

An acoustic box is designed to measure the structure-
borne noise of the control vehicle. Prior work shows that

Table 3. Details of the measurement carried out on Bridge B

Joint Location Bridge B
Date 19 June 2008
Type B (Fig. 6)
Acoustic-Box-in-Vehicle Methodology

Joint Type
Methodology
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the structural vibration of bridge movement joints is less
than 500 Hz when the wheels of the control vehicle collide
with them. Similar work from Ancich and Brown (2004)
also shows that the vibration frequency is below 500 Hz.
Therefore, the dimension of the acoustic box is designed
as 240x240x240 mm such that the lowest resonance fre-
quency of the acoustic box is higher than the frequency
region of interest of the structure-borne noise of bridge
movement joints. Acoustic foams are attached on all sides
(except the bottom side) in the box to isolate noises from
the ambient. Fig. 7 shows the schematic of the acoustic box
and Fig. 8 shows the acoustic performance of the acoustic
foams. With the absence of acoustic foam at the bottom
side of the acoustic box, the microphone is able to capture
the structure-borne noise created when the control vehicle
collides with bridge movement joints. Moreover, the ma-
jority of sound frequency greater than 550 Hz, from other
sound disturbances, is blocked.

3. Results and discussion

Figs 9 and 10 show the time histories of the noise and vi-
bration levels. The impulsive noise and vibration responses
are observed when the control vehicle passes through the
bridge movement joint. Two peaks found in each figure
are caused by the front and rear tyres of the control ve-
hicle passing through the joints individually. The peaks
due to the roadside noise change, structure-borne noise
change and vibration change occur almost simultaneously
on the time domain. It is seen that the roadside or struc-
ture-borne noise change due to the tyre/joint interaction
is highly correlated to the vibration change. Relatively, the
pattern of the structure-borne noise change is less similar
to that of the vibration change, when compared with that
of the roadside noise change.

Fig. 11 shows the tyre/joint noise change measured at
the roadside using the Direct Sound and Vibration Measu-
rement Methodology, plotted against the vibration change
near the joint. The average control vehicle speed is about
70 km/h. There are three sets of data obtained for different
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joints, and three straight lines fitted for them. Although the
slopes of the three lines are different, it is observed that the
tyre/joint noise change is linearly increasing against the vi-
bration change. Generally, the vibration change due to the
tyre/joint interaction is more sensitive than the noise chan-
ge. For example, a vibration change of 16.5 dB induces a
noise change of 5.5 dB only (the dotted line in Fig. 11).
Fig. 12 shows the tyre/joint noise change measured at
the roadside using the Acoustic-Box-in-Vehicle method,

Typre/joint noise due to the vibration of the bridge surface when the
standard control vehicle running across the joint on bridge A
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plotted against the structure-borne noise change inside the
acoustic box (Wong et al. 2009). Fig. 13 shows the roadside
tyre/joint noise change and the structure-borne noise chan-
ge plotted against the vehicle speed. For the vehicle speed
lower than 45 km/h, the relationships between the roadside
tyre/joint noise change/structure-borne noise change and
the vehicle speed are linear. For the vehicle speed higher
than 45 km/h, the relationships are nonlinear that the road-
side tyre/joint noise change and the structure-borne noise
change are less sensitive to the vehicle speed increase. The
control vehicle speed ranges from 13-72 km/h. It is clearly
seen that the tyre/joint noise change is linearly increasing
against the structure-borne noise change.

Fig. 14 shows the roadside tyre/joint noise change and
the structure-borne noise change plotted against the vibra-
tion change near the joint. The control vehicle speed ranges
from 26-51 km/h. Again, this is clearly observed that the
tyre/joint noise change and structure-borne noise change
are almost linearly increasing against the vibration change.
Hence, the structure-borne noise change is considered as
an indicator of the tyre/joint noise and is used to bench-
mark the noise performance of bridge movement joints.

The results from the Direct Sound and Vibration Me-
asurement Methodology, and the Acoustic-Box-in-Vehicle
Methodology show the linear relationships. The first met-
hodology shows that the road airborne noise change line-
arly increases against the vibration change, even though
these two noises are non-linearly increasing against the ve-
hicle speed. The second methodology also shows that the
road airborne noise change linearly increases against the
vehicle structure-borne noise change. Therefore, the two
linear relationships agree with each other.

3.1. Difficulties encountered

As mentioned before, elevated bridges are built on top of
the existing roads to mitigate the traffic congestion. There-
fore, they also have a high traffic flow and lane closure for
measurement will make the traffic congestion get worse.
The result shows that the tyre/joint noise, which is the ac-
tual noise received by human ears, has a strong correla-
tion with the structure-borne noise change captured by
the Acoustic-Box-in-Vehicle Methodology without lane
closure. As a result, the noise performance of the bridge

The noise change due to the tyre/joint noise
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movement joints is measured in a way which does not af-
fect the traffic flow. In addition, the measurement of tyre/
joint noise can be strongly influenced by other sound
sources. Therefore, this indirect measurement of tyre/joint
noise helps to keep the unwanted sound (such as back-
ground noise) away and provides a more accurate result.

Before conducting a measurement, the instruments are
setup on the bridge surface within a particular area. Hence,
lane closure is necessary in order to make sure the safety of
the technicians setting up the measurement (Fig. 15). The
application of lane closure must be submitted to a relevant
authority for approval at least 3 months in advance. As lane
closure creates a traffic bottleneck nearby and affects traffic
flow and safety (Abukauskas et al. 2013; Lazda, Smirnovs
2014), there may also be a rejection or questioning by the
authority. Besides, measurements can be interrupted by
adverse weather and a new application of lane closure is
then required to be submitted again. This incurs extra cost
and interrupts the continuity of the measurements.

Sometimes the control vehicle and other vehicles pass
a bridge movement joint at the same time. If the bridge con-
sists of more than one lane and other vehicles run in parallel
to the control vehicle passing the joint used in the measu-
rement, the tyre/joint noise which is created by the control
vehicle are not distinguished from those by other vehicles.

There are other noise sources in the measurements. For
instance, some vehicles with poor maintenance radiate high
engine noise which is captured by the microphone. Loads
on some trucks would also induce noises due to vibration.

Ideally, the control vehicle speed should be constant
in the Direct Sound and Vibration Measurement Method.
The control vehicle has to accelerate to a particular speed,
then runs with the constant speed, and crosses the joint.
However, the road condition may not allow the control ve-
hicle to do so.

In Fig. 16, it is seen that the position of the control
vehicle running on the test lane shifts slightly in each run.
Hence, the position that the tyres pass the joint is also diffe-
rent in each run. Since the conditions of a joint at different
positions may not be the same (especially for aged joints),
an average value of tyre/joint noise obtained from several
runs is taken.

4. Conclusion

The two methodologies, (i) Direct Sound and Vibration
Measurement Methodology, and (ii) Acoustic-Box-in-
Vehicle Methodology, of developing correlation between
the tyre/joint noise and vibration have been presented. In
the first methodology, the correlation between the vibra-
tion change and roadside noise change is plotted accord-
ing to the measurement data. In the second methodology,
the correlation between the structure-borne noise change
and roadside noise induced is plotted. It is found that
the two correlations are linear and similar to each other,
even though the roadside noise is non-linearly increasing
against the control vehicle speed. Therefore, the Acous-
tic-Box-in-Vehicle Methodology and the structure-borne
noise change measurement are suitable for measuring the

Fig. 15. Lane closure. Contractors are placing traffic cones to
close the lane

Closed
lane

t | L Test
._._._,‘ lane

L) Joint

Fig. 16. The position of the control vehicle shifts slightly in each

run

noise performance of bridge movement joints. Besides, the
proposed measurement method does not require lane clo-
sures, thus avoiding any effects on the traffic flow.
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