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O &) REEE L, BFREROPOERED
WERIES, ERCAIRS & OEMIEE FET 5
TREPEAMRIN S TV % (BRIFA RS IR KA TR B
92, 2002) 6

RBEIRENC X 2SO EITE L 2ASHSTW
LT, WHARDIZODER T LD — M b OKHBE
RIS ET 2 EKREICOWTIE, ZORETEOIERS
MEOMET D RSN TwD ks, 1993), —F, B
¥EHOEETRGKTO L) 7, WEEAEEZEOMTE
T, HAREOBIAKEIVN S 2 RFRR I LT, &
DI WS E OFERIBERL S KOBF I T3 L 35 2 %
Vo FZCARBIZETIE, BIBIZB I L% RE O E
M ENERICI VSIS 5, 512, KHHE
HIRIZER B R T L ZORFIZONTHRD,
RWFFRIZ, RAROKEE A B R A Bl W 72 B B8 2
(2007 ~ 20094E ) IZ L AR TH 5. E5H S OB (7
Kb, 2010; B4 5, 2010) Tid, EDOWFEDO—HAHR
HBENTWD, KRIE, ZNnSITmai <, JEEEESO
FHERA N Z A L% ED, R TERE IR 5 858 2 55
WRTZEEFHMELTED T Lo, 2B, B
RERICH 7o UL, SEALE e B IX T T % FIH
ST, BREMIZE RS Tl % TH:
7oo TTICRLLCIHEER BB EERT,

I RERI5E

1 FIBEEDRE & AKEER DR
ARBFFETIE, BRRHEAD S ORI & o THAET S HK)E
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WBEE AR LT 5o MR ILEE Lo AR 7K #
DHKRLTE LA ENTVSD, &2 TIIRTE OB
HBE\ L COKMEER 2 8E L, BERICHEET 2B Y
HRYIZIS C7-BaE st CillE s %,

b LHEOREZWET 2056, ENUINOEE I
T5L, BEEIIENOZERAEGLETCOEDDOE L L
TRz Do TORELZRIT L2021, —ICEEK
& % BB ORI 2 8, BEEAVNE & B
FEEREFT) S RSN, L L, BRI
DI TH AT > 723 KT OTFMEB T, FR
LOMEEORENIKE L, HNE T 2550 LR
TLZEDHETH 572, 2T, HRREIT OB
DFEEZRY P& EE R BERtk 2 g3 272012,
F PR O KBRS A LK E SONEEEZET S
ZrE L7

B sid, A TEEmrgeii e 148 1 BN 12 5%
B L7z TR0 Sm, BATE 7m, HE 5m T, E L
12mm OGN FHEH & L TE S 50mm O @& E 7 5
AT —=VER—=F (07 7 A N=75 ARREEH, v
AR — N SNB32) #WNEE, FPEEICHE X FED 72 (Figlo #7
KO7=012, i EOEE A S NEBISEKE %5 & Ak
BT 1B 2 & O VE AR OFEHT (IF 2m, & & 0.4m)

7.

igEoWEhic, %% 2m, IF177m O RO Bk
BaEELZ (Fig2). —f&IiC, KEBAGEE T
Froude O AR HINZ 5 - CIEEI S & ffi /N L 7245 R 2 f
957, &2 Froude DAHBLRIASEH S iz,
COMBIEOHBIFER 2L L Tnb, 2B, BHilo
VAL, EE CERSINHE TOWEESN 2m Atz iz 4
HLCTW5 RERNEMERREG L5 —, 2009) 2
EPSPELTBY, IEEERBRICHE S5 Fii%OflY
FEPLEDIZLDOTH L, EFHKOMLIGIE, HREL
TR O A O HEfE L, S5 AT O % B
TEE D BIAIITITHRE L v &9, il 2 A
Flz7 270 )VEloOE S 25m, HiImOWTEY, %
Kglgaryz)— b7y 7 THEERLZES 24m 0E
IR TR R OIMZHE T 5,

2 BEOYERNFHE & EKFOEHEIAE

— 2, FEHL 2 BREBEOEOEREDETHED
Vo TWb, NHOMEETRZ 22PN TE2HEE, 20
~ 20kHz L \WhbNTHY, I OFEHH % ] e & R,
T, REWEEIE 1~ 100Hz, T 09 bR E
AL ~20Hz TH B, HOKREZ S, FLEOFERE
(p = K& L DEDFTH) LIMEFEIE (p, = 2 ¥
10°Pa) DIt xt#L 20logy, (plpy) THET o TN ZEHHEL
N LIRS, HATIZTFT YNV (dB) Th B (HAFTES
BHns, 1982),

B IE ABICE o TARRICIE L 2 BDOZ L TH B, I
RORETH L85, RO WEMRETH L 5T

Figl HiTrhophiiFsE
Sound proof room under construction

Fig2 IR KHEAL
Hydraulic model of overflow weir
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Fig.3 A4S E GHRED P EE A
A-weighted and G-weighted frequency response

LAz, AN OBSEIZIE U7z B S IE % 17 - THH
SNb, 2F), BEOKRESEZRTIE, BERD
CWHIE R T o B LRV ERE L TFERT A, &
NHEEFH LNV TC, BAIEEHEEL NV EFRLC dB TFR
o WHEEIHMOMIEZ 1T o720 OH% A LM, BILE
WEPNANEEEIZG 2 5 B2 T 2 ML 2 To720
DD GHHEETH B0 A FFHEMOBBERIE 7 « V5
BHESEA, 2005) Tld, MREEBEIRICB T 2 A OHIEE
WNREW (Figd), 72& 21X, % 1000Hz O 4 1F fif
12 0dB T& 1), 200Hz T -11dB, 100Hz T -19dB, 50Hz
T -30dB, 20Hz T -51dB EDMHIEZITH o T D728,
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A FFHEEOFHEICIE, REEFEISOEE L NLSIEE A
EEBSNE V. —F, GRMOEME7 vy (B
54, 2000) T, JEWEEL 20HZ ICIEDMIIEE O ¥ — 2
+0dB 25 V), ALV 10Hz T 0dB, 5Hz T
-12dB, &\ \1% 25Hz T +4dB, 40Hz T -12dB, 80Hz
T-360B & ZICHE LNV EHFESES (Figd)s L
72h o T, GUFMEIZHEET % Dl 80Hz LLF o B I B
WOEIZR S,

B OWEIIE, V) 4 BRI L NVE
NA-18A, WIEZ ML, [FALER 2B S 5T NA-27
Wz, FHIMLE IR, FigdllRd X912, BOTH
Mo Im, FEW S 12mOMETH D, —KIZ, FE
OF R IFEMEICIRZ 5121, HRICEEL TNL 0L F
LW, 22T 72 REBEIER RO K& S %%
L CHER R 2R 7z, 72721, sHllE S 122 » T,
ZOHMIC L > CTEHEFIONEZ BELT T 5, FHlllk
ML, 1HOUEICOEZ 60 THS, G Tl U3
T 7 &= TN R LNV O BRI %47, b5
A& 1~ 125kHz &£ 55, Lo T, KRiFZECEESE
W&o THlE SN EDOEHKIL, $_XTU3F 75—
TN FHLEERE BRT 50 BEOSITICIE, A
A, GHHAEME, FERIEOBEEL XV EER L7,

I SERKEORE

1 HARKRERSZLANL

BEGTHEA & OFEKIC & HIKENE ZHH 2121, %
DFELZMRWREER D Z ENEETH DL, 1 TR/
X9z, KBTI DA KD D VI AE RO
FRZTThRL, KEOIRENC L W EETIEND L. L
TTIE, HBAKREOHB RSO L, FE IO
FHE LNV 2 5HiEiT 5 2 & T, A 0%kt
RIS A AR T 5,

2T, MITRL7ZBEEOKIEEIZ BT,
L OBIAKFEE 1~ 10cm T lem H A TEL LT
BB OB 21T\, BiKER & S L L o BIfR %
5229 % (Fig5). A FFMEMEIX, BRKEOMMIZHE >
THERPPICKREL b 727210, BAKE lom O BF
L)Lk 10em DF N D7 10 B ETH 5, F 72,
BRE LA 90dB # W X772 0 0 5, BRKEE IS
TLEE LNV E L b —F GRHEMEIZ,
RGO IEINHE o T—RRICIETIEI L 20 v MR AR
Alem D& X213 62dB &/hE <, 2em 27 % & SHITK
E o TBAB &£ 7%, &HIZ, WIHAKED 4em D &
X97TB ¥ — 7 ZE L, 5cm TWw o7z A 84dB ¥ T
T35, 20, BEL VI, BITKEOBEIMIHES
TREL DD, FOWFIIREIZNE L R>TW L,
COEHIZ, BHEAEOZALIZH LT, WEE o R
FT AR, BRI OB £ 2T G RN
ORI KR E SRR L, Tz, GHERMEMITHTTAKZEI

h=0.01~0.1m

Figd B o RHIIALIE
Measurement position of noise
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Fig5 HiKIE 2 & 54§ % by
A-weighted and G-weighted sound pressure level at water screen
against overflow depth
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Fig.7 MRIEDOTEK © BitKiE (a) 1em, (b) 4cm
Shape of water screen: overflow depth = (a) 1cm, (b) 4cm

xf L C— RIS 3, KESIERI/NS 2 dem 0 &
FIBEELANVOY =7 %RT, 7B, REETICIS
LFARLEBICET 5 GO EIX 92dB TH %
(BRI E MR KSRGS, 2004), 22 C, &
FRAE I 2E e BEREIRE & I3 82 ), BT A&
Bk E R BOWRMEL T2 HLEOMTH L, L7
Mo T, KD 3 ~ dom & 9~ 10cm @ G FFIEfE L,
AR W B DFEAN L B EPBHOER, HHFE 5N
72E, AT DO LER L NVOERE &b,
KT, BKOBEP AR S5 L TRE
T5h, 2T, RISETABELSITERBELLZVERD
X, HEKRFEAERREO AV FRELED G st s
HTWVD LWV Zlilhd, ZOHBE, HBKIZESTH
BT 2EE, TAVF LRI D B BiKEOR
&, =V F O %2 BRT % O T, KEDOEIIIZHE -
TEHELANUVDELL 2 WiGE, BEOZRIIKEAR
MOBELIZNEEZDLONEHKRTH L, Z OB LD
5, BETRIEDY 2 ~ dom TI A L T A BRI B 12,
KO RN R IREY 25584 ST b EHER SN D,

2 EASOREESE

WIS, BRKET EDEKED/IST = AT P, §
b B WIS B LV MG b A
DA Z LTV E DI, BfikEE (@ 1-4cm & (b)
5-10cm (257 TR (Fig6)o W OKBISEM:IC 3t
L TWB DL, SR 6Hz (I35 L~V /Ml
WHY, ENSEWEEINS L RDIZONTHEEL AN
WIS ERS 52 &, B XU 2000Hz L b o 7 JE % B ik
TlE, FAEEOEVIZED2HEEL NIVOELIVNES W
ETHA, 727121, HIEIZOWTIE, HBikd 5V TRT
L9128, BADPKEEZTEHE L TR WA b RO
FAIFEAL, FRVITRT LI, BINID 2 EROHE
HLTIRABOBRIIBH SNV EDNE v, 2D/
W, B 6Hz LT OEE L)V ERIL, o RS
L2280 EEZ, UTOGH 2N T 5, 28,
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Fig.8 &S ICK 3 2 BEE L)L
A-weighted and G-weighted sound pressure level against
measurement height

C DR BEBOET L NVIE, GEETIZIEEALE
BENRVDT, SSHERICE-RN 28T v,

GG 1—4em TlE, BEFRKEDSHEMNT % 129E-> T,
JA ¥ %5 10 ~ 2000Hz D EFHE L NV Ak & EH L Tw
% (Fig6 (a). ¥ — 7 N ZFEHICL L D@
HED, AT MVOBIKRD L Tw5b, 22T, B
TR lem OFE L NV IFERW DY, 0 & & oKEER
FEHICH L TARLET, KEOTHTRL S E DI
N5 (Fig7 (@)o 20720, KEOFESATELET,
K L EOMITE R BZEEICIE R > TE ST, KK
THAED SHEN TV Do BRI L CRBEAE
{TpoTLAE, KEIZLZWICRE LT, BiKE
Am TIIAKR LA EZPROENR L %5 (Fig7 (b)) 2O
L EIIKIEEEOBAHZER & 72 ), KIEO FiEAHED
FIZHAFE SN 5,

—J, BUFEAKEEDS Bem Bz B &, AKIEOHIIIHE -
T, HHELVNVIGEREEESIZE > ThI I EAT
% (Fig6 (b))o F7z, FEHART PLORKIZIZIZ
HLTHY, WINOBIAKETD, R 40Hz 125
FELANVDE =7 Hdbo AT FIVOTIKAIPT VS
KRG TIE, HEKREOFEHRBOFAKETHLLEEZD
NDBDOT, BHKED 2~ dem TIHAE L T AL
BEEicowTid, sem L EOKIFETHRET L& 135
B LEREORERBAE AL T D LIRS NS,

B, BEEEICL L 0HI485 BT 5 SHE
X, U3+ 27 & —7 Ny FHLEEROETEL XviZo
WTHEDLNTBEY, Fige THELNLVDOE — 27 H
& DI H A0HZ TIL57dB & 72 > T\ 5 (BRIgH s
BHFRAENBNESE, 2004), LA - T, FELAN
W OBHRAEIZHE Z 1L, BTFRGED lem D% B X, 8
BREWE OFEIC L 2EBEPFELNTHAEICE, W
WBERBEENEE L TWE I ENbnrb,

3 TELANILOBREST
BEOFRENEBLZEL O, BEERESSD - &b
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Distribution of sound pressure level against measurement height

K& 7 B BFKEE dom T, $RIE T OFE L NIV
i % A9 % o RIS $71E 17 212 0.25m O H A 5,
0.25m % A T 2m OHN F TR 2 HET 5.

AT 2B LAV E RS & (Fig8) , wiih
DESIIBVWTH GHRMEEA A FMEE % Ll > Tw 5,
T/, ABRVEE, GUFMEME & BRI VIE EBEE LA
VB L e bo FHMIE 025 ~ 0.75m D ERE L~V it 13
EAEEDL VA, DT NI 05m OENEV. 20
ZEND, RIREDRR L OKERENS, KERER
ETEDEELTWDE I ED DD 5,

WIS, EEHMOHE LNV (Fig9) 25T, 72
L, §XTCOUIF 27 & —T7 Ny PR E RT
AR L OS5 WO T, FHE LIV OSAFTEIRAMEL
TV FEBHER S L IERESEL, FENT4O0
B % RATERL. Fig9 (@) ~ (d) 75, JEK
BB L OFEL NVOE S, GRS R > T
B ENDbDB,

Ji W 8 10HZ 2> & 25HZ 12013 T, FHE L NLasL
P EH T B, 2O — 273K A5 0.25m #2512
HY, FREEOBRENREVI LERIEBL TS, H
BB ENEBZLE, FELANVIZAICEL %5, 30
~ 80Hz OFE L Vi, Mo B EEE R TE H
BOEL, FOE =7 IXRB S 05mHSICH b, 72
L, BB EDFEL VG, AHANCEFTLTY
%o 100HZ 75 1200Hz (22 Tlid, FHELNVH LA

WIETF LT, 2O =213 02mibEThH b,
512, FWE)S 1600Hz %k 2 5 & FIHE L~V O ZEAL)s
INEL T ZFOE—=271305mMBETH S,
COEHN, FREEEBIC X > TEEHIMOZTEL N
WARIIRKRE L ER>TBY, IRMEIRERA S 17 05m
HEIZRE R FENHEET L 2 EATRIBR S iz FFIC,
GIMMEIZRKECEELTWLDIE, Fig3D 7 1 V5 —
Bk Fig9 OFHEL NV KE &5, 30 ~ 40Hz fif
HEDOFELNNVTH D ORI OEFE L V5
Ml 05mIZE =27 2O L n, #KE 2 ~ 4em
THAELTWD GHEMEO ¥ — 213, KIETHOIRE)
PEELHFFIZZ->TVWEEEZSND,

V (ERREEERIEDRE

1 XFRATDRE

IKIEARBI OB 105 & L Tid, — %27 — bR %
e, ThbbARA TOFREVPETONL, T, A
RAFGIZE YRR WL C, AW zEMET 5
LT, TOEIERNT L HETH D, BRSO
FEATRIRNL, KR & KA DG T OB & MDA —
2% 5> C, FREOBERPBET AL L, 77— ML
TRIED BN TR & L5 B 22 O 12T A A 4
LILla3nTwsd (rtks, 1986), L7zA>T, &
KA ZIIHREOEREZIY B 2 L2k o T, KIERS)
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Fig10 AKRA 7 OAM & EEE L~V OBIR
(a) A FEEAE, (b) GHFMEAE
(a) A-weighted and (b) G-weighted sound pressure level against
overflow depth with or without a spoiler

OWHENA D) ETDHLDTH D EBIZ, AFRALTD
PRSI EEEE oM —EORMRE FIFTwb o
THDHH, BFKED 3~ dem F2FE L /NS WA 121,
ARA T OFERBE IMBEICHR LT, KEWHE
WTHEELNNVOYE =7 2338 $ 2 2 L ShTw
% (BHES, 2008), LUFCIE, F-ZxkIBsEnis
#HEBsn, ARL TOBRENEEFIIG2 DB E S
Bri, ERLEOMBESEZFS 2T 5,

2 ZRATOERBEBRIR
I & A KBS, ARA SOAMEE BT L N)LD
MFRIZOWTHINRTz (Figl0), B, DL EDARA
FIIAH TR L, BIREONIC 1272070 72, X2
L2 L9112, AFFEEIZ AR, JOFRIZEDS
#Wm#ﬁw —7J7, GHRMEAEIE, BT 2 ~ 10cm
CBRE LAV ANTIFHEIZ 5~ 10dB KT LT A,
t_%#,tmmm#2~@m®%%vwwm,xﬁ
ATWEVEEZOENERBRIZEALTED, ZoKH
FHTOEEZHETE TV RN,
Fig.11 12, ARA T OHE KT 2 KBEDTERZ R
RELGAL, G MDY — 7 &R ¢ B K% 4om O
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FlEarE o, FKEOTHICHEE RIREH?RO H 1L
5o MTHRAR7z, BAKE2 ~dem 1281 % G FAE
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QO XR145HY

Figll ARA FOHFMLKEDIZIK @ Btk 4cm
Shape of water screen with or without a spoiler:
overflow depth = 4cm

DY =7 OFEFIFIL, KEED Z OGS ORFHIEN & %
bbb, =), ARLATIVHDLE, 7J(H7<@1\/_57)‘(/1L_F
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LAD SN TWAZERIEAEIS f‘of%@ BETIEA
ﬁ{v&ib%%#ﬁhﬂtﬁ%,kkmﬁﬁﬁﬁﬁb
mlEZHND,

D LN, /NS TR IRE O AR I B ASRI AR
WHIHICE R VWHEAIZZBTR S A, BHAS (2010)

ORI LR, —RIKEIRB O IHNIZ R A D 5 &
N5 3m LY 59EWF"1I7|TJ“C RE SN ARAL T (IR
FEARE UGS B RCRRETEE, 1999) 75T, FEERIC
27 ) K& RIRERREE EE L T b,

WIZ, ARASTOFMN L B/8T — AT P VDAL
 Figl2 12§, 72720, BmAK®E 7em DL LT, A
R7 MVIBIRDSKE M DZFNEZIZF L ERDLDT
MzBmE L7 WINOKEERTH, ARL T
T = ARG NVIZIRIEARA I037%nwE E L IZIZFELCT
5o RPN OHE L~V EFATKIEIRE) R K 3
LLD7EETE, AKRA FIXZFEOHRZD L 0% W
TETWRV, TIUE, ARA FAUKESTE O ZEM O
Pt AEHBE Lzb DT, KEOEE & Z DR D
HHEN IR L 22 Th b, 2F D, AKRS T
HIEDMBL % i/ 5 2 & T, REEEROSE L)L
P TSEDRENDLHEEIZE ) LR DB,
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Sound Characteristics of Spilled Water and Countermeasure Works of
Low-Frequency Noise at Overflow Weirs

TAKAKI Kyoji, GOTO Masahiro, NAMIHIRA Atsushi, SEKIYA Akira
MINEGISHI Yuichi and NAGAMINE Takuo

Summary

Nowadays, it is not uncommon to see residential houses constructed along agricultural canals due to advancement
of urbanization. Around installation sites of water management facilities such as gates and drops in agricultural canals,
passing irrigation water generates overflow water noise. In this study, the sound characteristics of spilled water at
overflow welirs are elucidated by detailed laboratory experiments. In addition, the issue of conventiona art related to
low-frequency noise reduction, countermeasure works to prevent vibration of water screen and its effect are indicated.

According to the experiments, low-frequency noise generates in any hydraulic conditions, however, the peak of
noise shown in between 2 and 4cm of overflow depth generates due to turbulence and vibration of lower domain of
water screen. Spoilers as a conventional work aims at only making enclosed region of the back of water screen open,
and they aren't often unable to function in inhibiting the formation of water screen and its vibration.

Countermeasure works proposed in this study are aimed at low-frequency noise generated by water screen
at relatively low drops around 2m. They not only make enclosed region of the back of water screen open such as
conventional spoilers but also make falling water into water bundle, and inhibit the formation of water screen.
Though we made two types of trial model, box type and gutter type countermeasure works, the gutter type model is
recommended because they have stable noise reduction effect against the difference of width of works and the change
of overflow depth. These countermeasure works can be installed easily in situ, and reduce G-weighted sound pressure
level by 20dB or more.

Keywords : vibration of water screen, frequency characteristics, G-characteristic, A-characteristic, sound pressure



