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By Hidehiro GOROUMARU, Katsuo SHIRAISHI, Hiroshi HARA and Takeshi KOMORI

This paper presents the estimation method for the sound pressure level and 1/3 octave
band spectra of the low frequency sound radiated from bridges occurred owing to the
bridge vibration excited by the passage of heavy vehicles. This estimation method in-

volves as follows :

(1) Measureing the vibration acceleration level of the bridge,

(2) Calculating the radiation efficiency of the concrete slab.

(3) Calculating the distance attenuation of the low frequency sound.

Based on the estimated and measured results above mentioned, these indicate clearly
that the proposed method can estimate the sound pressure level and 1/3 octave band

spectra of the low frequency sound.

Keywords . low frequency sound, radiation efficiency, bridge vibration, estimation
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Fig.1 Vibration and low frequency sound measurement
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Fig.2 Block diagram of measurement and analysis.

Table1 Detailes of measured bridge and description of sites.
i H ]
Symbol | symooli Total | Thickness | Thickness| Kind of Ground surface of measurment place
for | for | ; Widta jof concreceiof Asphalt | Expansion
Bridge Bridge Type { Each | Span length H | siab Pavement Joine Toint ¢
Type | Sridge @ ! (cw) (cm) ’ enter
] Simple oA NN T 5 Steel Finger| Flac grass ground,soft | Flac grass ground,soft
Sceel Comg_:osx:e}‘ Simple,Curved ' 3 | L 14,0 | 20 5 " " " Flat hard ground
sC Girder 3ridge | 1 H | B
drides Simple ic p1w.0 | 0 s , » |Flac grass ground,soft
! " D sl 18 i B hard | Rough grags ground
Simple IE . 15 i 3 ! " ssoft. | Flac grass ground,soft
sp Steel Plate 2-span concinuousi  F 18 i 5 | flac fleld Flac grass and sand ground
Girder Sridge | - N e 22 8 ! Flac grass ground,hard ! Flat soft ground
Simple i 16 | 3 : " ,sofc ! Flat grass ground,sofc
[3-span concinuousi I  159.1+98.5+59.1( 20 5 i Flat concrete surface |Flac sand ground
ST Steel Truss  |4-spamconcinuous: J | 4@58.% - 15 ! 3 | " Flac grass ground,aard
Bridge F— " . % aa71.7 i3 H 5 H Gravel surface with pebble
Prescressed | Simple oL 38 5| 7 Rucber | Paddy fieid Flat asphalt surface
PC Concrece i w [ 18! 8 " | rlac grass ground,soft |Playing field
T-girder Bridge | Ly b asey 19 ! 3 ! " Flac hard ground
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(1) ; Measurement of RC-siab vibration of bridge. |

(2) | Transforsation of RC-slab’s vibration in the acoustic power. |

(3) i Estimation of sound pressure level and 1/3 octave band speclra!
{ of radiated sound. |

(4) ; Caluculation of distance attenuation of radiated sound. |

(5) | Estimation of sound pressure level around space. |

Fig.3 Flow diagram of estimation of the low frequency sound
radiated from the bridge.
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Fig.4 Measured waveforms and power spectra.
$ : Passing of a heavy vehicle.
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Fig.5 Radiation efficiency for each bridge type.
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Table 2 Examination of accuracy in estimation,

Regression egquation iegno. ' R Re P14 | sb
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Fig.9 Comparison of the presumption formula with the

measured values,
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(d) PC:Bridge L

Fig.10 Comparisons between estimated and measured sound pressure level,

R=coefficient of correlation, SD=standard deviation.
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Table3 Average value of difference between extimated and measured sound pressure level and standard deviation.
(unit:dB)
SC:Bridge D SP:Bridege & ST:Bridge I PC:Bridge L
joint sound | span sound joint sound! span sound }joint sound { span sound jjoint sound span sound
AV SD AV SD AV SB AV SD AV SD AV SD AV SD AV SD
S1 4.¢ 4.0 -1.0 2.4 5.0 5.1 3.8 2.1 0.3 1.21-0.9 1.5 4.0 3.91-4.2 3.7
S2 1.7 2.8 1.6 2.1 3.1 3.7 0.2 4.0 0.4 .0 1.9 2.1 0.3 3.8 0.3 3.9
S31-1.5 3.4 -0.3 1.5 3.§ 3.0 ]-0.3 2.6 0.5 1.8 0.% 2.3 0.7 3.8 0.7 3.9
Sel0ia| 571506 ] 28] 23] &3y 330 0d) BA gy gdcnI) 3R v g
S6{-0.7] 4:2)-0.4| 2.1f 2.7 4.2 |-2.81 2.5] 0.0 1.4|-%:0 3:1}-0:2] 4:5] 0. 4.5
AV:Average value, SD:Standard deviation
Table 4 Examination of accuracy in estimation,
Regression eguations R Rc P Q
sc J= 7.710g,0£-20.0 0.628 0.628 1.476 0.179
sSC $=21.0108,0f-45.4 0.915 0.815 0.981 0.154
sp J= 7.8l0g,ef-19.8 0.568 0.568 1.730 0.281
. S5=21.910g,0f-42.0 0.928 0.928 1.027 2.254
ST J=11.6l0g,5£~32.3 0.630 0.691 0.901 0.100
$=20.5l0g,0f-42.3 0.937 0.937 0.420 0.052
Wy pe J= 4.510g,0f- 9.8 0.382 0.382 1.833 1.615
5=17.810g,0f-35.5 0.885 0.884 1.185 0.581
L J=5=101l0g,e0 ; J:Joint; S:Span
SP
Y n.‘
L 3 > " >
(2) MBEMOZEL AN, Fig.7, 8 5KE
SRR ER SN (23) BLORK (11) 2HVAZ &K
_ p o K OBENTETH 5.
) s e -
= # T (3) AREEHROBABE LEHDERICKR S h,
= s 5 o
5 HETEL NV EFABTELANVOZEDOGHETED T
LiFF+5dB LIATCH - 7.
= PC ZoM, ERRESRSOERIEE I, Yaf v b E
f : PREED 5 OERBEICELL, 2B EEEY
I { - b o
Z SOBERECELLTW.. UL, RS OE
608 o : cocianced value 60 e tmaced vatue PRROEBREOHELZIITVEIEHFBED O
: measured value O : maasured value . . - . - s -
OAT 2.5 63 16 &5 100 OAT 2.5 &3 16 4G 100 2. SThoDHIZBAL TREREEHZSHMEL 2285

1/3 octave band center frequency(Hz)
(b) Joint sound

1/3 octave band center frequency(HKz)

(a) Span sound

Fig.11 Example of estimated values and measured values with

1/3 octave band center frequency.
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HizRbES.
SPL32= SPLl_A 10g|olsz+10 l()glo (l,gz/ ”')+B

BMS2IzH U TKEREBEY SEEHE 255 S, DEE
LRVIRR, (b) ko icEbe s,
SPL.=SPL,—Al0g12° lc+10108:0(2* Iss/ 7)+ B

2T, Va4 vihg, ANNVEIIOVT, #FhEh
Fig.7, 8 MEIRA & VEEREREER AL 25R% 5.
Tabb,
AL=S8SPLgy— SPLgp -+ cwtrrereeresesnasenranenonns (c)
&o7T, K (a), (b), (c) LVRK A, BMKE2.
A={AL—10108,, (1/2)}/108,,(1/2)
B=SPL,—SPL,+[{AL—10108,,(1/2)}}/108:,(1/2)]
X10€10ds: 1010810 (7/ 1s2)
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