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Abstract: The modern transportation system is increasingly developed during recent years. It is an effective solution
to set the noise barriers to reduce the traffic noise pollution caused by different kinds of transportation systems. Many
deficiencies on concrete noise barriers and metal noise barriers with rivet structure can be eliminated by a new kind of
noise barrier with no-riveted structure. The mechanical performance examination and acoustic performance test are
conducted on the new-designed noise barrier with no-riveted structure. The results indicate that the maximum stress is
1.74 MPa and the maximum deformation is 1.04 mm with load acting on the unit plate. The noise reduction coefficient
of this kind of no-riveted noise barrier unit plate is 0.75 and its noise insulation is 40 dB, which were conform to or
superior to the standard requirements. Therefore, this new designed noise barrier meets the field application
requirements of mechanical and acoustic performance, which demonstrates the noise barriers can be widely promoted.
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0 Introduction

During the last few decades, urbanization has
been developed rapidly, and the total mileages of ur-
ban rail transportation have increased sharply with
an annual growth rate of 25% on average. Until the
end of 2015, the operating mileages of high-speed
railway totaled 19 915 km in China'". According to
China Mid-to-Long-Term Railway Network Plan,
the high-speed railway operating mileages will reach
25 000 km, and the total high-speed railway operat-
ing mileages will be more than 30 000 km by the
year of 2020. In Japan, the Tokaido Shinkansen rail-
way operating kilometers reached 552.6 km, and

the total lines under the management of the Central
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Japan  Railway
1970.8 km'*.

Much convenience and efficiency were brought

Company was more than

to urban residents with the large-scaled construction
of elevated lines, subways and high-speed railways.
However, the traffic noise pollution problem has
been increasingly serious. Residents would suffer a
lot when exposed to the traffic noise for a long time.
But few emphasis has been put on the issue'®’. The
solution to transportation noise pollution has be-
come one of the research topics of pollution reduc-
tion and environmental protection.

Current solutions to traffic noises are to set

noise barriers along road pavements and railways,
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and concrete - and metal - riveted noise barriers are
widely applied. However, concrete noise barriers
could affect the integral aesthetics of environment.
And the components of metal noise barriers are con-
nected by rivet structures where rivets often loose
and fall out, endangering the barrier structure and
normal road traffic. In this paper, the noise barrier
unit plate with no-riveted connection is presented.
Its mechanical and acoustic performance are exam-
ined and tested. The results can be references to its

application in practice.

1 Structure Design and Perfor-
mance Test on Noise Barrier Unit
Plate

1.1 Acoustic principle of noise barriers

A noise barrier is a kind of acoustic material
specially designed to hinder the noise propagation,
which is placed between the noise source and the re-
ceiving point. The noise wave will have a significant
attenuation during the propagation process, so that
the noise received by the receiving point can be at-
tenuated obviously. Once the noise source generates
anoise wave, it will propagate in all directions.

When the noise wave encounters the noise bar-
riers during the propagation process, it will propa-
gate in three main routes: Reflection, diffraction
and transmission. The propagation routes sketch is
shown in Fig.1. If the three phenomena occur at the
same time, the noise wave will be weakened and
the noise level will be decreased, thus the noise re-
ceived by the receiving point will be attenuated, and

the effect of noise absorption and reduction can be

achieved™'.
Straight route
Noise barrier Diffraction
propagation
Reflection propagation Acoustic

shadow

Straight route zone
Receiving point R

Transmission

Noise source S .
propagation

Fig.1 Noise propagation process sketch

1.2 Structure design of no-riveted noise barri-

er unit plates

The no-riveted noise barrier unit plates must
meet national standards before being applied to prac-
tical projects, thus it must meet the requirements of
mechanical performance, acoustic performance and
security performance for high-speed railway proj-
ects'”’. Despite their own light structure weight, the
noise barrier unit plates set at the special surround-
ings along the two sides of the roads or tracks must
stand against strong wind load brought about by the
passing vehicles or trains, and even bear loads
caused by vehicle collisions , earthquakes, or natu-
ral disasters such as typhoons, heavy rains and
storm snows. Plus, they should not endanger pass-
ing persons and vehicles at the same time.

The acoustic technology of this new kind of no-
riveted noise barrier unit plates is the combination of
“micro-perforated sound-absorbing plate” and
“acoustic wedge”. Occlusion process technology, a
well-developed manufacturing process, is adopted
during the manufacture procedure. The back board
and the face board are buckled and connected
through the side board. Special designed concave
and convex grooves are preseted on the back board
and the face board, and their dimensions are shown
in Figs.2—4, where 45°, R0.50 are the bending an-
gle and the bending radius of the noise barrier unit
plate, respectively. The buckling between concave
convex grooves guarantee the effective connection
between the back board and the face board.

Due to the application of the acoustic wedge,
this new kind of no-riveted noise barrier unit plates
would have a good noise absorption performance,
especially at the medium and low frequency noise.
The acoustic wedges on the face board and the side
board of the noise barrier unit plate are made from a
1 mm aluminum alloy plate 5754, and the back
board from a 1.5 mm aluminum alloy plate 5754.
The basic mechanical properties of the aluminum al-
loy plate 5754 are listed in Table 1.

The outer part of the noise barrier is metal shell
that has an empty cavity inside. Noise absorption

materials could be filled into the empty cavity, and
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(b) Detailed dimension sketch of the perforated holes

Fig.2 Dimension sketch of the face board of no-riveted noise barrier unit plates

(c) Dimension sketch of unfolded face board from the lateral view
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(b) Dimension sketch of unfolded back board from the back view

Fig.3 Dimension sketch of the back board of no-riveted noise barrier unit plates
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(a) Dimension sketch of side board from the lateral view

(b) Dimension sketch of unfolded side board

Fig.4 Dimensional sketch of the side board of no-riveted noise barrier unit plates

Table 1 Basic mechanical properties of 5754 aluminum

alloy plate

Material parameter Value
Modulus of elasticity/MPa 6.9 10"
Poisson’s ratio 0.3
Density/(kgem~*) 2 700
Yield strength/MPa 160
Ultimate strength/MPa 245
Fatigue strength/MPa 130
Elongation after fracture/ % 10—14

acoustic rock wool is taken as the noise absorption
material placed at the inner cavity of the noise barrier.
The face board facing the noise source is perforat-
ed, thus air current can flow through the holes on
the face board. Such that the fluctuating pressure
acting on the noise barrier unit plate can be reduced

7 The perforating rate is curial to the

effectively
mechanical and acoustic performance of the no-rivet-
ed noise barrier unit plates. As illustrated in Fig.2,
the radium of the holes on the face board is 6 mm
and their spacing is 9 mm after referring to the inves-
tigation results from other scholars'®.

The opposite board need not to be perforated.
The back board and the face board are buckled and
connected through the side board. Figs. 5—6 illus-
trate the details of the structure. The convex groove
at the upper part and the concave groove at the low-
er part are special designed on the back board. Rub-
ber strips are glued to the two sides of upper convex
groove. In site engineering, the unit plates are upper-

and-down assembled and installed. The friction can

be eliminated between the unit plates at the upper
and the down, and their installation stability can al-
so be guaranteed by rubber stripes on the unit
plates. H-section steels are vertically installed at
both sides along the roads and tracks, and the dis-
tance between two H-section steels is adjusted to en-
sure the two ends of the unit plate can be nested in

H-section steel.

Fig.6 Photo of a noriveted noise barrier unit plate

1.3 Mechanical examination for no-riveted

noise barrier unit plates

Under service conditions, wind load and train
aerodynamic wind pressure act on the unit plates to-
gether. The unit plate is a flexural member, suffer-
ing the moment and shear force at the same time.

As the long span and short heights of the noise barri-
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er unit plate, the moment is taken into consider-
ation, while the shear force is ignored after referring
to the actual condition. The anti-bending fracture
load i1s taken the value of 7.0 kPa according to the
standard requirements'”’. The load acting on the unit
plate is transformed into line load'® , the simplified

sketches are shown in Figs.7—S8.

= 3.5kN/m
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Fig.7 Simplified stress calculation model
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Fig.8 Diagram of the bending moment

The cross-section of noise barrier unit plate is
at the elastic stage under the practical condition. It
has an empty cavity inside, and the unit plate cross-
section could be simplified into a I-shaped cross-sec-
tion composed of an upper flange, an intermediate
web and a lower flange. The sketch of simplified
section is shown in Fig.9. The extent of the cross
section can be maintained as flat state before or after
deformation. The maximum stress ¢, at its cross sec-
tion and the maximum deformation w on the noise

barrier unit plate can be figured out

. My,
o,= I (1)
M= Lo (2)

g4

_ 5S¢
“ 7 3R4EIL (3)

where ¢ is the uniform line load acting on the unit

plate; M the maximum bending moment on the unit

500

50

25 90 25

300
Fig.9 Sketch of simplified section

plate; I, the simplified cross-sectional inertia mo-
ment at the unit plate; y, the distance from the edge
at simplified cross-sectional tension zone to the neu-
tral axis; / the length of the unit plate; w the maxi-
mum deflection on the unit plate; and E the elastici-

ty modulus of the alloy plate.

1.4 Mechanical performance test on no-riveted

noise barrier unit plates

After equivalent conversion, the uniform sur-
face load acting on the sound barrier unit board is
converted into two concentrated forces. Then the
concentrated forces are loaded to the tripartite points
on the back plate of the noise barrier during the test.
The four point bending test method is adopted. The
bending moment could be evenly distributed on the
component, and the test result can be relatively
close to the practical service condition. The sketch

of the experiment program is shown in Fig.10.

Load sensor

Loading jack .
o Unit plate
Load distribution beam specimen
—'—
O :
B ; B

Fig.10 Sketch of load on the specimen

This test is to examine the bending resistance
of unit plate when the load reaches 7 kPa'”'. The
mid-span deformation of the unit plate can be exam-
ined according to the data from the displacement me-
ters, which are placed on the specimen at the sup-
port position and the mid-span position, and flexural
fracture load of unit plate could be read on the load

devices.

1.5 Acoustic experiment test on no-riveted

noise barrier unit plates

The noise-absorption performance is related to
the internal structure of the noise barrier unit plate,
the noise absorbing material and some other factors.
Experiment tests on noise absorption coefficient and
noise insulation of the noise barrier unit plate are
conducted in a reverberation chamber, referring to

the standards and requirements'’ "',
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The tests are conducted on six no-riveted noise
barrier unit plates manufactured by Shanghai Zhong
Chi Group Co. is
1 960 mm X520 mm X 140 mm, and the cover area

Ltd. The outer dimension

is 6.12 m®. The experiment equipment consists of a

standard reverberation chamber, four free field mi-

crophones, an acoustic measurement platform, a da-
ta acquisition computer, all directional sound sourc-
es, a power amplifier, and sound level monitor.
The connection sketch between equipmental devices
is shown in Figs.11—12. Fig.13 displays the acous-

tic reverberation chamber in the test.

Pulse3650C BK2716 (]
Computer
and Data o HS6288
L acquisition Power Monitoring
2;;2:122% front-end amplifier microphone Sound level
computer ound leve
software P Loudspeaker Ct monitor
1
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Fig.11 Experiment equipment connection of the noise absorption coefficient measurement
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Fig.12 Experiment equipment connection of noise insulation measurement

Fig.13 Acoustic reverberation chamber in the test

2 Results and Discussion

2.1 Mechanical performance examination and

test results

The maximum deformation w on the unit plate
of the noise barrier unit plate is 1.04 mm, which is
complied with the requirements regulated in the na-
tional standard. The limited maximum elastic defor-
mation value is 19.6 mm (//100=1 960/100=
19.6 mm) """, And the calculation results are listed in
Table 2.

Table 2 Calculation results

Parameter Result
¢/(Nemm ") 3.5
M/(Nemm) 1417 500

yo/mm 81.73
I,/mm* 66 830 443
o,/ MPa 1.74
w/mm 1.04

The results indicate that the maximum stress is
1.74 MPa, which is far less than the fatigue strength
and the yield strength of the aluminum alloy plate.
The results of mechanical performance test on the
no-riveted noise barrier unit plate totally satisfy the
standard, and there is much enough security redun-
dancy.

When the experimental load is 7 kPa, the dis-
placement i1s 0.90 mm on the unit plate from the me-
ter, which is very close to the theoretical calculation
result. When the load is increased to 8 kPa, the
wedge panel of the noise barrier unit plate bends.

However, the surface is intact and the deformation
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is small at the middle span of the unit plate. The re-
sults of mid-span deflections on the unit plates are

shown in Table 3.

Table 3 Bending test results

Specimen Flexural load /kPa Deflection/mm
1 8.9 2.5
2 8.7 3.1
3 8.3 2.8

The results indicate that the middle span defor-
mations are smaller than the standard limited value
when load acting on the unit plates is 7 kPa. The av-
erage value of the load can reach 8.63 kPa, which is
23% more than the regulation requirement. And the
average deflection on the unit plate is 2.8 mm,
which is much less than the limited value. Because
of the favorable structure design and the effective
connection of the components, the bending resis-

tance performance of the noise barrier unit plate is

conform to the standard™.

2.2 Noise absorption coefficient of no-riveted

noise barrier unit plates

The no-riveted noise barrier unit plate could at-
tain different noise absorption effects under various
noise frequencies. The noise frequencies used in the
experiment are determined according to the standard
requirements and research results from site proj-

ectst!

. The test results are given in Table 4, and
the noise absorption performance graph is shown in
Fig.14. The noise reduction coefficient is the arith-
metic mean value of the noise absorption coefficient
under the frequencies of 250, 500, 1 000, and
2 000 Hz. The noise reduction coefficient is a com~-
prehensive evaluation indicator on noise absorption
performance of this no-riveted noise barrier unit
plate. Only when the noise reduction coefficient
reach or more than 0.5, the noise could be reduced

obviously'".

Table 4 Noise absorption coefficient under different testing frequencies

The noise absorp-

Noise absorption

Frequency/Hz Frequency range . L Frequency/Hz Frequency range .
tion coefficient coefficient
100 Low 0.21 800 Medium 0.81
125 Low 0.25 1 000 Medium-high 0.77
160 Low 0.26 1250 Medium-high 0.77
200 Medium 0.31 1600 Medium-high 0.83
250 Medium 0.55 2 000 Medium-high 0.92
315 Medium 0.65 2 500 Medium-high 0.93
400 Medium 0.72 3150 Medium-high 0.95
500 Medium 0.76 4 000 Medium-high 0.89
630 Medium 0.80 5 000 Medium-high 0.84
1.0 . —« ;
. _’./.\‘\‘ holes pre-set on the face board and the inner rock
=] . . . .
é osk .,"\,_.// wool, the noise absorption coefficients of the noise
g f barrier are close to 0.9 or more than 0.9 under the
g o6 frequencies of 2 000, 2 500, 3 150, and 4 000,
=y
2 o4l I which reveals its excellent noise reduction effect at
2 0.
% ; medium-high noise frequencies. And meanwhile,
Z 02t . . .
the noise barrier performs well at the low and medi-
o 1 2 3 4 5 o :
Noise frequency / kHz um frequencies, especially below 1 000 Hz, which

Fig.14 Noise absorption performance measurement result

The noise absorption coefficient measurement

results are given in Table 4 and Fig.14. Due to the

is close to the real traffic noise frequencies'”'”’. Be-
cause of the acoustics wedge structure application
on the face board and the acoustic rock wool at the

internal of the unit plate, its noise absorption coeffi-
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cient reach 0.55 when the noise frequencies are
250 Hz. Within the range of 500—1 000 Hz, the
noise absorption coefficients are all more than 0.75.
These results all prove its good acoustics perfor-
mance. The noise reduction coefficient of the no-riv-
eted noise barrier unit plate is 0.75, which fully
meet the requirement that the noise reduction coeffi-

cient must be greater than 0.7,

2.3 Weighted noise insulation of no-riveted

noise barrier unit plates

The weighted noise insulation can be examined
based on the experiment data and the basic principle
of reverberation chamber method. The noise insula-
tion results of the noise barrier at different frequen-
cies are listed in Table 5, and the weighted noise in-

sulation performance graph is shown in Fig.15.

Table 5 Weighted sound insulation under different testing frequencies

Frequency/Hz  Frequency range  Noise insulation/dB | Frequency/Hz Frequency range Noise insulation/dB
100 Low 15 800 Medium 37.1
125 Low 24.1 1000 Medium-high 37.7
160 Low 26.6 1250 Medium-high 41.9
200 Medium 27.8 1 600 Medium-high 41.7
250 Medium 32.3 2 000 Medium-high 38.5
315 Medium 36.5 2500 Medium-high 42
400 Medium 41 3150 Medium-high 46.9
500 Medium 40.5 4 000 Medium-high 49.8
630 Medium 40.8 5000 Medium-high 51.1
of 5000 Hz, the noise insulation can reach 51.1 dB,

501 " revealing the excellent noise reduction effect of the
g Ll N/. no-riveted noise barrier unit plate. Its weighted
‘\g noise insulation is 40 dB, which fully meet the re-
=]
%: 30¢ quirement that weighted noise insulation must be
g )
9 20l greater than 30 dB.
z

10} 3 Conclusions

o 1 2 3 4 5

Noise frequency / kHz

Fig.15 Weighted noise insulation performance measure-

ment result

From Table 5 and Fig.15, it can be seen that
the noise insulation is greater than 30 dB when the
noise frequency reach 250 Hz. The noise insulations
are more than 37 dB under each of the traffic noise
frequency range of 500—800 Hz, which would re-
duce the traffic noise evidently'"*"’. It is attributed
to the combination of acoustics wedge on the face
board and the noise absorption material inside the
noise barrier unit plate. Even though a small reduc-
tion occur when the noise frequency is within the
range of 800—1 000 Hz, the noise insulation is kept

almost increasing after then. At the noise frequency

A new kind of no-riveted noise barrier is de-
signed for practical traffic projects such as high-
speed railways, urban rail traffic and city express
ways. On the premise of excellent mechanical per-
formance, the acoustic performance of the no-rivet-
ed noise barrier unit plate should also be guaranteed.
The mechanical and acoustic experiments are con-
ducted on the unit plates, and some conclusions can
be drawn.

(1) The maximum stress is 1.74 MPa and the
maximum deflection is 1.04 mm when the load
7 kPa is acting on the unit plate. The stress is far
less than the wunit plate manufacture material
strength. And the average value of the load acting
on the plate can reach 8.63 kPa, while the deforma-

tion 1s far less than the limited value, so that the se-
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curity and mechanical performance can be guaran-
teed.

(2)The noise absorption coefficients of the
noise barrier are excellent under the medium-high
noise frequencies. In addition, when the traffic noise
frequency is below 1 000 Hz, its noise absorption
coefficients are all more than 0.55, which leads to
obvious noise reduction. Its noise reduction coeffi-
cient 1s 0.75, greater than standard requirement val-
ue of 0.7, indicating the unit plate of good noise ab-
sorption performance.

(3)The noise insulation of the noise barrier
unit plate is greater than 30 dB at the medium fre-
quencies more than 250 Hz. And its weighted noise
insulation is 40 dB, which well meet the standard re-
quirements.

The experimental results prove excellent me-
chanical performance and acoustics performance of
the no-riveted noise barrier unit plate . In addition,
the defects of the concrete noise barriers and the cur-
rent metal noise barriers with rivet structure can be
alleviated. Therefore, this kind of no-riveted noise
barrier can be widely applied to the traffic noise

abatement projects.
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