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Structure noise from steel railway bridges when trains run on 
them has become issue along conventional lines.

In various past studies on reduction of noise from steel 
bridges, we focused on and studied methods of applying 
vibration control material to girder members of steel bridges that 
generate structure noise so as to reduce vibration.1)  In this study, 
we carried out vibrating tests using steel bridge girder members 
before and after applying different types of vibration control 
material.  The tests confirmed that vibration reduction effects by 
vibration control could be predicted from total loss factor  of 
the surface before and after vibration control, and they confirmed 
that measurement values and predicted values found from  of 
the measurements largely agreed with each other.  However, in 
order to predict the effects, it is indispensable that we establish a 
method of estimating  before and after vibration control with 
the area, thickness, and conditions for fixation of major vibration 
surfaces of steel bridges.

Thus, aiming to predict vibration reduction effects on major 
vibration surfaces of steel bridges, we conducted a new study on 
the method of estimating  based on conditions such as area 
and thickness of the vibration surfaces.  As a result of vibrating 
tests using steel girder members after their service life and various 
types of iron panels before and after vibration control, we 
developed a method of estimating  before and after vibration 
control based on physical quantities.  This article will report on 
that method.

Vibrating Tests Using Plates and Bridge 
Members2

In order to calculate total loss factor  of vibrating parts of a 
steel bridge before and after vibration control, we carried out 
vibrating tests using impact hammers.

2.1 Plates, Bridge Members, and Vibration Control Material
In the study, we carried out vibrating tests using various specimens 
that simulated major vibrating parts of a steel bridge.  As shown 
in Fig. 1, we used four types of iron plates including plates of area 
and thickness almost equal to those of the web of a plate girder or 
the web or lower flange of a box girder (Plates 1 to 4 in ascending 
order of area) and a bridge member cut off from a steel bridge 
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member after its service life (having two webs of A and B).
As shown in Fig. 2, we applied composite magnetic vibration 

control material (height 450 mm × width 300 mm) to the whole 
area of one face of the vibration surface.  The composite magnetic 
vibration control material was vibration control material that 
had magnetic rubber layer magnetized with ferrite powder 
mixed in and bonded and laminated with a constrained layer.  
The material adhered to the vibration surface by the adsorption 
power of the magnetic rubber layer.

2.2 Overview of Measurements
For measurement of vibration, we attached RION PV-85/86 
acceleration pick-up sensors to the whole vibration surface of the 
vibrated sides of Plates 1 to 4 and Bridge Members A and B at 
intervals of 140 mm to 160 mm, vibrating the specimens using 
impact hammers with two types (rubber and iron) of impact 
pads.  Vibrating points were limited to within a quarter of the 
area of the measured surface and set at intervals of 140 mm to 
160 mm as the vibration measurement points.  This was because 
we considered that the measured surface was largely symmetric 
both at the right and left ends and the upper and lower ends, so 
it had reciprocity and reproducibility.

Therefore, Plate 1 and Bridge Member A and B had 49 vibration 
measurement points and 16 excitation points, Plate 2 had 90 
and 25, Plate 3 had 208 and 56, and Plate 4 had 228 and 60 
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Plate 2
1,350 × 1,450 × 12 mm

Plate 4
1,750 × 2,800 × 14 mm

Plate 1
950 × 1,150 × 10 mm

Plate 3
1,800 × 2,200 × 19 mm

A and B, plate thickness 10 mm

Vibration
control material

Fixing jig

Vibration
control material

Fig. 1  Plates 1 to 4 (left), Steel Bridge Member
After Service Life (right)

Fig. 2  Adhered Composite Magnetic Vibration Control Material
(left: plate, right: steel bridge member)
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of reverberation time per bandwidth T60 
(k).  We applied results 

for the rubber pad (n = 1) to 125 Hz bandwidth, the iron pad 
(n = 2) to bandwidths greater than 1 kHz, and the median of 
those (n = 1, 2) to the bandwidths of 250 Hz and 500 Hz.

(Formula 2)

From the representative value of reverberation time T60 per 
bandwidth of 125 Hz to 4 kHz, we calculated total loss factor 

 for each bandwidth with formula 3.  Here, fc is the mean 
frequency of each frequency bandwidth (Hz).

(Formula 3)

3.2 Analysis Results
Fig. 5 shows the frequency characteristics of total loss factor  
before and after vibration control on individual vibrated surfaces.  
Those are the calculation results with formula 3 based on typical 
values of the measurement results for reverberation time of 
vibration attenuation T60 explained in section 3.1.

Here, we will discuss on total loss factor  before vibration 
control.

Total loss factor  of the middle- and lower-frequency  
bandwidths from 125 Hz to 500 Hz is not dependent on the 
order of plate thickness (assumed from ascending order of Bridge 
Member B at 10 mm, Plate 1 at 10 mm, Plate 3 at 12 mm, 
Plate 4 at 14 mm, Plate 2 at 19 mm).  Rather, it is dependent 
on panel area S (assumed from the difference between Bridge 
Member B at 0.70 m2, Bridge Member A at 0.76 m2, Plate 1 at 
1.09 m2) and the length of fixation boundary l shown in Fig. 6 
(assumed in descending order of Bridge Member A at 3.48 m, 
Bridge Member B at 3.34 m, Plate 1 at 1.9 m).  It was found to 
be in inverse proportion to area S and in proportion to length 
of the fixation boundary l .  On the other hand, total loss factor 

 of the middle- and higher-frequency bandwidths over 1 kHz 
did not show much difference as shown in the middle- and 
lower-frequency bandwidths, so we can assume that it is not as 
dependent on plate area S and length of the fixation boundary l.

Next, concerning the relation between total loss factor  
after vibration control and plate area S and length of the fixation 
boundary l , we see inverse proportion and proportion under 
1 kHz respectively, while the dependency is not as large as seen 
before vibration control.

From those analysis results, we found that total loss factor  
before and after vibration control has two different characteristics: 

respectively.  At vibrating, we repeatedly hammered all excitation 
points five to seven times using impact hammers with rubber and 
the iron impact pads, and we recorded the vibration acceleration 
of the whole vibration surface at each hammering.  Fig. 3 shows 
an example of the measurement device system for measurement 
of vibration, and Fig. 4 shows the vibration acceleration pick-ups 
on the vibrated side of the measured surface of Plate 1.

Calculation of Total Loss Factor Before 
and After Vibration Control3

3.1 Analysis Method
We divided temporal waveforms of vibration acceleration 
measured at each impact at individual measurement points of 
the specimen into six bandwidths of 125 Hz to 4 kHz.  Then, 
we obtained the attenuation curve of vibration energy Evib(t) by 
applying Schroeder integration (method of integrated impulse 
response) shown as formula 1.

(Formula 1)

This attenuation curve is a reverberation curve that expresses 
the energy attenuation of flexural vibration of a plate.  From this 
curve, we read attenuation time T60(s), which is the time from the 
steady state to attenuation by 60 dB.  In this test in particular, we 
calculated T60 from the initial attenuation time T’(s), which is the 
time from the beginning of vibration attenuation to attenuation 
of -5 dB.

The number of measurement data instances is subject to the 
combination of excitation points (i = 16 to 60, Mi), vibration 
measurement points ( j = 49 to 228, Mj), number of times 
measurement is repeated (I = 1 to 7, MI), and the material 
of the impact pad (n = 1, 2: rubber (n = 1) or iron (n = 2), 
Mn).  As reverberation time in the six bandwidths from 125 Hz 
to 4 kHz (k = 6, Mk) is obtained from vibration acceleration 
at an impact vibration, we averaged T60 

(i, j, k, l, n) with the 
number of repetitions l, number of measurement points j, and 
number of excitation points i to obtain the representative value 
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Fig. 3  Measurement Device System
in Measurement of Vibration

Fig. 5  Frequency Characteristics of Total Loss Factor of 
Vibration Surfaces Before (left) and After (right) Vibration Control

Fig. 4  49 Vibration Measurement Points and
16 Impact Points on Plate 1
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characteristics dependent on plate area S and length of the 
fixation boundary l and other characteristics not dependent on 
those.

Prediction of the Total Loss Factor 
Before and After Vibration Control4

Based on the analysis results described in chapter 3, we developed 
a model to predict total loss factor  before and after vibration 
control.  In this model, reverberation time T60 

(s) of bending 
vibration attenuation of the plate before and after vibration 
control is predicted by formula 4, and total loss factor  is 
calculated with formula 5 based those results.

(Formula 4)

(Formula 5)

Here, cb is the propagation velocity of the bending wave 
(m/s), S is the area of the vibration surface (m2), l is the length 
of the fixation peripheral boundary contributing to vibration 
attenuation (m), α is the average vibration absorption coefficient 
on the peripheral border, fc is the coincidence frequency (Hz), Q is 
the index that expresses the scale of the internal loss (numerical 
value), and ln is the natural logarithm.

When Young’s modulus of the member is E (N/m2), area 
density is m (kg/m2), thickness is h (m), Poisson’s ratio is γ (= 0.3), 
and sound velocity in air is c  (m/s), cb and fc can be obtained from 
formulas 6 and 7 below.

(Formula 6)

(Formula 7)

In order to predict total loss factor  before and after 
vibration control, we first identified the unknowns based on 
the measurement results to develop the prediction model.  The 
unknowns before vibration control include average vibration 
absorption coefficient on the peripheral border α and index Q 
that expresses the scale of the internal loss, and the unknowns 
after vibration control include Young’s modulus of the composite 
E’ (N/m2) and index Q’ that takes into account loss of the 
vibration control material.  We assumed that index Q and 
Young’s modulus E change before and after vibration control but 
the average vibration absorption coefficient on the peripheral 
border α does not.

In the case where internal loss Q before vibration control is 
very large, reverberation time of vibration attenuation can be 
expressed with formula 8.

(Formula 8)

Based on measurement results for reverberation time T60
 

before vibration control for 1 kHz to 4 kHz, we calculated 
index Q = 2.2π/T with formula 8.  Fig. 7 shows the calculation 
results.  Variable Q is the amount of energy loss due to internal 
factors (Q ≥ 0).  As the contribution of internal loss was small at 
middle- and lower-frequency bandwidths 125 Hz to 250 Hz as 
mentioned in section 3.2, we set Q = 0.

Next, based on index Q before vibration control and the 
measurement value of reverberation time, we calculated average 
vibration absorption coefficient on the peripheral border α with 
formula 4.  The calculation results are shown in Fig. 8.

Using internal loss index Q before and after vibration control 
and average vibration absorption coefficient on the peripheral 
border α shown in Fig. 7 and 8, we predicted the total loss 
factor  of Plates 1 to 4 and Bridge Girder Members A and 
B by substituting physical quantities such as area in formula 4.  
Fig. 9 shows comparisons between measurement results and 
prediction results.  The prediction results of  agreed well with 
measurement values, while some difference is seen with Plate 3.

Then, we consider the unknowns after vibration control, i.e. 
Young’s modulus E’ of the composite and index Q’ that expresses 
the scale of the internal loss.  First, we calculate Young’s modulus 
E’ of the composite.  Driving point impedance does not vary 
remarkably before and after vibration control, so we set driving 
point impedance before vibration control Zp (formula 9) and 
that after vibration control Zp

’ (formula 10) as being equal, 
and we derived formula 11 with which Young’s modulus of the 
composite E ’ can be calculated.  Here, ρ and h are the density 
(kg/m3) and thickness (m) of the base material, and Δρ and Δh 
are the density (kg/m3) and thickness (m) of the vibration control 
material.  By substituting in formulas 6 and 7 Young’s modulus 
of the composite E’ predicted with formula 11, we calculated 
bending wave velocity of the composite cb’ and coincidence 
frequency fc’.  Area density of the composite is m’ (kg/m2) = ρh + 

Length of fixation boundary

Length of
fixation boundary

Fig. 6  Length of Fixation Boundary of Iron Plate (left) and
Bridge Member (right)

Fig. 7  Index Q that Expresses Scale of 
Internal Loss Before Vibration Control

Fig. 8  Average Vibration Absorption Coefficient 
on Peripheral Boundary α
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ΔρΔh, and thickness is h + Δh.  By substituting those results in 
formula 4, we identified unknown Q’.

Finally, Fig. 10 shows the results of processing index after 
vibration control Q’ as the function of area density m of the base 
material (iron plate).  Thickness of iron plates, major members 
of steel bridges, is more than 9 mm, so area density larger than 
the values indicated with the dotted line is the applicable scope.

(Formula 9)

(Formula 10)

(Formula 11)

We predicted total loss factor  after vibration control 
of Plates 1 to 4 and Bridge Members A and B by substituting 
bending wave velocity cb’ and coincidence frequency fc’ obtained 
by index Q’, Young’s modulus of the composite E’, etc. and 
average vibration absorption coefficient on the peripheral 
border α, etc. in formula 4.  Fig. 11 and 12 show comparisons of 
predicted total loss factor  and the measurement results.  The 
predicted results could be regarded as largely agreeing with the 
measurement results, while there is a little difference from some 
measurement results.

The proposed prediction method is a format where total loss 
factor  can be calculated from physical quantities of vibration 
surfaces such as area, thickness, and length of the peripheral 
fixation based on indexes Q and Q’ that express internal loss 
before and vibration control, Young’s modulus E and E’, and 
average vibration attenuation ratio on the peripheral border α.  
Thus, the method is applicable to vibration surfaces other than 
the iron plates and bridge girder members tested this time.

However, this prediction method presumes that the vibration 
surface has a sufficient number of vibration modes and that 
the vibration field is in a state of diffusion because the method 
is a relational expression based on statistical indexes such as 
reverberation time T60 .  Thus, application of this method to 
conditions where the number of vibration modes is small should 
be avoided.

Conclusion5
Based on the results of vibrating tests using steel girder members 
after service life and various types of iron plates before and after 
vibration control, we developed a method of predicting total 
loss factor  before and after vibration control using physical 
quantities such as area and thickness of the vibration surface.

In the future, we are planning to develop a method to 
accurately predict the effects of vibration reduction and structure 
noise reduction based on total loss factor  and improve the 
method to allow prediction of noise along railway lines after 
vibration control.2)
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Fig. 12  Comparison of Measurement Results and 
Prediction Results for Total Loss Factor 

Fig. 10  Relation of Area Density of Vibration Surface and
Index Q’ after Vibration Control

Fig. 9  Comparison of Frequency Characteristics of 
Measurement Results and Prediction Results
(total loss factor before vibration control )

Fig. 11  Comparison of Frequency Characteristics of 
Measurement Results and Prediction Results
(total loss factor after vibration control )


