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ANALYSIS OF LOW FREQUENCY SOUND RADIATING FROM SIMPLE
GIRDER HIGHWAY BRIDGE BY A MOVING VEHICLE

N FR Rk

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

This research regards the analysis of the low frequency sound radiated from simply

supported highway girder bridges when a vehicle traveling over them, First, running

experiment was carried out using a test vehicle on a composite girder bridge, and inves-

tigation into the vehicle model which is proper for calculating radiated sound was per-

formed. Next, by vibrating actual bridges using impact, the frequency response function
were determined, The method of calculating radiated sound by utilizing the frequency

response functions was proposed, and its applicability was confirmed. Finally, on the
effect that the degree of roughness on bridge surfaces and the irregularities at the ex-

pansion joints exert to maximum SPL being radiated numerical analysis was carried out,

and it was elcuidated that the SPL varied in close response to velocity parameter q.

Keywords : low frequency sound, frequency response function, vehicle model
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Fig.4 Six degrees of freedom vehicle model.

135

bB L oESHO Fast (BEH 125 ms) 4EH S
HEE TV, LREPRBL 5 OBNET I HBRNESS
RN ED D Slovg (BEX1000ms) CHEELT-
7z. $72bb, Fast O& 13 k=5/1024 2¥H L,
Slow @ & %13 k=0.63/1024 %7z,

(3) REHEELANILOFER

BREEIE L~V SIREINERE LNV RS 5 720,
BROMEEISEELZIMEE LNV THIELI. O
EE0ESDEOEREIN (8) &K (9) 2RV 12
20U, K (9) @ ple, thms % WX, s KB SR 5.
R RS I BN ERN IR TH 5120, BES%E
Fastiz&b¥ T 128 ms & L, ZHEPREITERN IR
BTdhdizw, WTELVANVEHBICHWV S M5 EE 630
ms #ERTHEZAN. FUT, REINEE L)V
BRI E->TEHL .

VAL:Z()]ng(il’)(x’ t)ms/ﬂ'o) ...................... (11)
2, o AEEORBIMEEEDME (ae=1X10"°
m/s’) TH5.

3. ERBICHU 2BENCERE & ERAEN

(1) EBHBE
EEETOERRESEE I, @ERK S AFodN
ZEOMEIEIZ B VT, EREOBEETIC LY BN
BOTEL USRI TN ZDD0DI0 ) g sy
T, WHEERL, XR37.3m OBMKTH 6 Eh SRS
ABRMTEOEAED S 1 BMEAWRE L TEBUL. E
BTz mE L B E L BT &, BBREORE,
BRiEE, BERESEHOBREERELANVOERKES S
BEZT-1. CO&EXOMERFORZEIE, 1.5 mm
TH Y, EAR SR OMERF RS A -
V-AEXh Tz, Fig.5 IKi3ERIEEO E R hmo
MEEOCRAEREBHTEL NV OREERZRL T
5. BRIES AT OME SRBESEAT 2 EFRH
T, BOAIOMMERTFES, ZEPREs, SBRESEBRE
BT 2 BHEIOMERFIRO 3 »pFiTH B, EITHE

0.3 37.3 0.8

Lﬁﬁ
) Fix Mov

(a) Side view
8,

=
P j._ ®: Low frequency sound

microphone

4 I Accelerometer
L 3.3 3.3 ) v : Photoelectric switch
{(unit:m)

(b) Cross section
Fig.5 Vibration and low frequency sound measurement

positions,



136

1, 40km/h OEHETCTEHE S EHEVE LT 2.

BEEEE (BRLOBE) oMMc>VTIE, BR
HFRT40m 2 BEHEO O ORBEDT Tu—F 5
oy JEHEEZ, JOXBEORKEEBEmOMN N IS
BAUAVTREL . BIEMER, KBEOEROET
BEFSRWIA v EBEETMEE LTHRD, 2054
VEETAMIZ10cm FETAE LR, 5, BRLE
TREHHBESBTFL VS S XEBRFESHLTVAD
T, BIEZP]L, EEP»RLETE-> TV AHICAE
L.

AEEIIHY K-FS600AD &, ®ig28d 10t (98
kN) KRS T35y 7BETH B, EROEE, &
Bl OMBEERIC KB AL v F (440 8, E3N-10E2)
EREBEL, XRBOETRE> BB U,

RBEOEh L, A TORBIEE 2 BTS2 120,
MEEY Yy 77 w7 ()48, PV-36) % Fig.6 IZ7R
FTEIIZWMOMA T, FOMEIE, BIEICBWTIZER
T U—ALHEE U, BT ani s gEoRBa0R
7 L —ALFIEOEME Uz,

HBBREOREAOBEBIL, 3»FORAESICREL
HEBZA v FO/ WA HRDI2.

BRAlITE, F—F7Lva—5 (747 v 78, XR-50)
%X ROBERFITHE L, SWEOBEIRE, K

H, KB WA ERE L. BRAlTE, T-FLra—
F (T4 7y 78, XR-30) 2 BREWHOIFHICH
BL, HROZUROREIEE Z&3 L 1.

(2) BELBAOMNE
BEEBEOMMZ LASVEAIR L 25E, BROKN
BARELERBICAEINSE., 202 &b, KR il
EEOR/N_FEH» 5HBORMRIR %KD, MME
D5 OMMAE % ZE LIV EE MDD BRSO
F—zELI.

RBHROY 4 Yid, »5EROTEMEL S > TIREII
BELTHEY, COBEMBIREERS A YOXEETH 5
VIS TEE R EIC k> TRZ 5. BERERHEOER

Mg :Sprung mass
M,,:Unsprung mass
x :Center of

gravity
® :Accelerometer
(unit:m)
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Fig.8 Surface roughness on road and bridge.

Table1 Axle force of test vehicle.

Soil and sand

Loading () | TPV 09
Total weight 22655 9.7
Front axls force .6 40.60
Foreside axle
forcs of sear 107.78 2.16
Backside axle
foren. of sean 104.15 2.9
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Table2 Properties of test vehicle.

Dynamic test Running test

£(Hz) h R(kN/w) | C(kNs/m) £(iiz)

Front suspension | 2.56 0.059 | 1520.0 nz 2.56

Front tire nnw 0.084 | 4716 8.3 12.24

Rear suspension 2.66 0.070 | 2786.7 23.0 2m
Foreside axle of

g:ksn:: ﬁf’ . 9.36 0,070 | 4040.3 9.6 9.28
ide axle of

ockside atieoft 1m0 | .00 | 5765 | 125 9.7

f£:Matural frequency , b:Damping factor , K:Spring constant m(2xf)?
©:Viscous dawping coefficient 4xhaf , m:Mass

Table 3 Bridge natural frequency.
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Natural frequency (Hz) .1 3.06 2,78
Damping factor 0.034 - =
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Fig.9 SPL and power spectrum at expansion joint.
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Fig.10 SPL and power spectrum at span center,
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