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MBEFRGBRETOBEICH DN, —RICIIBTRE
Fit, FEC— 27X, 2hic@+3Enx kY
BEMIAEN TE <, ThicE: BRFEMMLE» TEy
LNEHLTWS, BRERNELS CUTER
D CREEMLERLLT, E—27FEL <
100dB LA b ¢z |k 0 623 0.5ms LLF & L THY,
REHMz>vTRBATH WS, REFEERH
BOERIHZMLTIL 500ms DLF &R0 LR EE
ATWEL)ITHS,

BB L Tk, BETERESEOEAN G
Y DEFRH TR T Y Committee on Hearing,
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CERORBERRSY LHFET 5.

{HLEOKBAREEEEOTHRICL VBETS
Impact noise MDD L 5 Ch D, AERDHIOID
o BSBAER H A EBIC L ZAREHTLEXE
L 7= Impulse noise (i Blast noise) iz TN HF
RRIPERAZIORENESITHS,

#BHENVBE, HAFB CRNEEONE &R,
BREBOLH P ETNORERBREATN T, MENE
RICKBT 5L vbhTEY, HBLBHEERTS.

MHBBEWE L THRELR LW EB DA SRR
T, F¥1+~=1 P RUHEFESELBOFHALL
THASITSE (FF4EC ) ERBAL,

BRER, 1.0 AREESH(Briel and Kjzr
2209%, Miorophone ) &£fiv+, Scotchl?77 F—7c
Nagralv-S] va—#—ickpn, BEEFTL, IBE
KTHELT, ReDABICKECERFILELE,
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*EASE T ARER TN
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TEV AL, HRANEEES(Briiel and Kjer
2606, 2~200KHz) ¢@dliv <a L a2—4— (Briiel
and Kjer 2305, 200KHz) (= L 9 fRiRaiEs 500m/sec.
TREMTICA%HE Lin, RUABICLOFELSL
ERDI-,

BEEATR, @RfTbhsm< 1/3 Octave Band
Pass Filter JEIC3302(1~2000Hz, 50dB) #iL, JE
IC LR-22 v a—¥— (B3 0. 2sec., 5~2000Hz, -
1.0dB) ic Bk L, FEVAL—lKa7 b k&
Rble,

WK 4 DFHEORRMN ST, BH7—y =—
T Hewlett Packard5451C Bz k9, A(Ana-
logue)—D(Digital) {8, Fourier ¥ &§7v, IR
RYEFOREEEM To S L OB T Rk 7 —
AR7 bAERDI,

EROMTRER TR, BRI TKET, Y1+
24 FCIRERE, F54 S0 b CREOMERN
BA/NENL I THS, TEXRBOLLIEEN Te
i b 1 2 A2 ETHORHE Impulse DB E
B 35ms YT TH5. RERRN HBUBCHTT S
2, Bty e xa—7CHEEBOHTS (ClipH
MELVWI) BEFz 27 TDENFELLFERS
ha.

2. BIRTOMNBRRER

2.1 SRRRMARUER

BRfs4E7 A 3 A AAMA K. K. ROTHE, 1858
RUB

2.2 BRGE

BEMT (1 53E; 27 26E: 371E;: 471
B RO A +=4 b (§25mm, 50g 3[E]) xZEp
H2moORSICHRLTERL, FI1ES Fogik
ayysyYy—r7e vy (K& 50amx50cm X 50cm :£E35
mm 3 [6] ; 45mm 1 {§] ; 80mm 1 [a]) i3 C, Tk
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$E4Z (L& 15mm, 60cm X 60cm : £% 35mm 3 [@; 45mm
1[E]); 80mm 1 @) ebALIC ERITHRY LT~
72,
2.3 NERBEMORET
HERSEOBRR &R L, Fig.l o ths,

wing direction

————tecnely
rhsim
ground
1]
!

‘r-

Arrangement of measuring points for

determination of the noise level in the

field

A,B, C: impulse precision sound level meter
B & K 2209

A’ ¢ sound level meter D: sound level meter
JEIC 1005 Node PS-101C

E ! anemometer F: hygrometer

%@@ﬁWK#L“A&GDmﬂﬂmkﬂﬁht
bami L, ABCiziz1 L ALiBENH, D, A’
RS EBELL, v/ 7ok 0pERs
L2mé L, A BRUCD oBEHN<( 70k
OIS 2y 2 —# Nagraly-ST ic X D Scotch
177 7 —=7ICBEL, ABANBEHD<4 2u Ky
WMAhfESity 2 —#— JEIC LR-22 £BvTRE L1,

. #ARtoRn

3.1 FEVvRNHF

0 AHEHERUER

v a— % — NagralV-SJ &£Hivy, 7—7 Scotchl77
ICBSET L BRT e HRANGRTHE L, bhiF
HEICHY T+ 5 REMBE 50mm/sec. (20ms/cn), {KifH
RRMEE20Hz {2t b LA L R A R&RBTC, B
$5¥t& Fast* B MAHE Lin, RUA kB L <L &R
.

* 500mm/ sec.i=AY -3 0h4{E T & D BREH 20ms

12484 50 ¢ Impulse (B¥1iz8k 35ms) LeE5H
A& D REUSEY.

sound source
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AWERE, BRER, RNEEM ARRHS L0t
HRIE+ 5 L, Tablel o TH 5,
@ A0 AREREHOREKSHE Lin, R U
A
3R > b4 RER I 500mm/sce. TROIFE L

Az X REE Lin, LASBRLCHETS L,
Fig. 2 ol Th 5,
140 S
e
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< nd
= oo
= 120 k- ,"o&.
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H AR
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2 RIS
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S} &0,
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a - -
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sound pressure level , dBllin.)

Relation between sound pressure level
in fast lin. mode and in fast A mode

sound source
QOclcctric detonator
Qenoki dynamite
Adrive-it drived in concrete block
Adrive-it drived in steel plate

FA—HHROTE v <4 il Lin 4HE O K 1 At
ICEBiE D LRENVETHY, KBIIIhIZE-T
Wwah, BEET 1 yoills (No. 1) REISE 1 AL
EBN2HDH D, MFNHEE 1000~5000Hz R4y H°
B LBIONDN, HRAUTENRDIZES
LOTHAI,

XEFAES rOFEREa 70—+, RO Lin.
RUA¥HEIC L AN BB LWL 0SS, Zhb
i RORABERAHIC LY 1000~2000Hz OO~
auznithHions,

3) FHOLAg— L0

TN 6 O & FE L R0 OREEH 6 F M
B DT — LR R, WIS

SIECFTNVAHBMTHBLALLT, TN
HOEME r(m) L4558, FEV~L L(dB) &2
7— LA Ly(dB) it

Lp=Ly—20logr—10log 4z & /¢ 5,
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Table 1 Sound pressure level (dB) at various distanices from sound sources

(2 ) electric delonator

No. | sound source [ mods 10 "’m 304 u:c% iggi :‘-:s:) tci:':.u
1 Jone deanatar |0 122 WD V0T MRj41 M a8
2 |ane _getonator |0 102 10 e ] g|3 T 07 nw
3 fone  detonator |V {1107 1047 ﬁ:g bz B asnu
(PR R
5 [t cetonators| '™ '}};; 3 n IaglAl ™ 0512
¢ o s 8T
7| tour detonators '™ 1202 102 g__l’.; Bixs 6 0enw
{ b) encki dynamile

Na | sound scurce  {mode I;Iistan;se ‘m_g,s ] te&p). h&':} mﬂ'f..
vl 111 o O
9 “"""""“’"“‘ 'wmmd 6 05 B32
ik vall Al - OO
{ ¢ ) drive-it drived in concrete block

Na (sl:unds;ug:v:u model"s o 15 2 he:c%l%zi P mt::u
u| sem [ln .ﬂ%g w22 Hilus 6 06 B2
2| o in LTI 6 B0 g o5 psg
N PO
™ R I
o[ ow [ T ETRT R e o
(d) drive-it drived in steel plate

N o e i e
1] 35mm . juas W; 241 6 05405
| ssem MR GULSWLINET W26 @ a5 e
| sme VR MISILTIONZ BT, g g 1408
RS YT
2| smm tin ;}{g 5! mzauz ’!“g!; nllus 51 0z wun

T ORIAWHEABC DIcHIT SRR CROE
Ev~n Lp DHfiidBg # LR &R+ 5. #- THillic
FA =0.1m OBESFEHMA T, LpsLy k0
LT, A9—XnDHETFT-> 18R,

F4+=1 b Til, Ly=182dB2180dB CHE v <

AR E DBV, BRBIF 161~168dB, K5 (1 v

4 MMk L 7 U — | 145~147dB, $3HK 147~149
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dB L#n, Zhorfanmic bRELMTHI LA
bhs,

3.2 RBEnsH

3.2.1 ¥MrH=E

Scotchl?? 7 — 7 BEAKT L ABRT &, X4
Nz Fv X, F—742, Nagray-S] L a—4
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Table 2 Frequency of maximum sound pressure level in the range, 10-20000Hz

(3] electric detonator

No. sound source om m__u____ih;or; SFL Eﬂgo m om
1 one  detonator 40 20 - 3.5 400 - 800 4000
2 one dstonator 800 @0 400 - 500 4000
3 ong detonator 3LS 60 500 - 1250 s
4 two detonators 3LS 1000 - 1600 400 3150 - 4000
) two detonators 3L5-5 2000 400 N0
[ three detonators 3L5 100 500 3150 - 4000
1 _40 3.5 1160 400 - S00
{d) enaki dynamite {50g ) .
maximum ug i
N | sound sourcs N BT e %
8 enoki dynamite 3LS 40 20 350
9 enoki dynamite 3L5 3L5- 40 168 <200 | 2500 - 4000
L 10 | encxidyremte | %5-315 L) x| 200 - &0
(¢) drive-t drived in concrete block
maximum_SPL Trequency { Fz )
Na | sound source T 10m Sm_ 3
1 35 mm drive-it 1000 1000 1000 [2500-4000, 1600
12 35 mm drive-it 1000 1250 1000 - 1250 1600
B 35 mm drive-it 800 400, 1600 - 2000 |400, 8§00 - 1000 2500 - 319
1 45 mm drive-1it 1250 160 - 315 1250 400
15 80 mm drive-it 1250 - 1600 315 1600 - 2000 2000
{ d) drive-R drived in stes! plate
maximum SPL frequency (Hz )
No. sound source 3 T Bm
16 35 mm drive-it 1250 1600 1600 - 2000 2000
n 35 mm drive-it 1250 - 2000 200 1250 2000
18 35 mm drive-it 1250 - 2000 1600 1600 - 2000 2000
19 45 mm drive-it | 1000 - 1600 1000 - 1680 1600 5
. 1] 80 mm drive-it 800 - 1000 1000 1000 S0

Filter JEIC3302(1 ~20, 000Hz, $0dB) #ji L, JEIC
LR-22 v 2 — & — (B8 0. 2sec., 5~20,000Hz, —
1L.0dB) TmiEL, FEL <1 —NEH% (10~20, 000
Hz o@BT) M &iF-12,

3.2.2 RFEn

FHTNOER & 0 2B 8 T 0 JI M U210 ~20, 000
Hz OREGEICE /2. HHEBRERATEL <
DRLEPBRIZL V@G5 &, Table2 nin¢ i
RIEFURO b Zte 6V HEHBMBEESO L0 L,
BHohs,

BEAET, ¥1++4 T, A BBACERY
20~40Hz D e K HE v S p LRSS SR SR 5D
2, CH6DRETRIMBERY ~DBITEV S R
ARNBHOIND, ZHIERRTFHRORBLEE I 6
SHREEDMATRGTEFIEM - ovn b La
ey,

F7 44 kTt 1000~2000Hz »13:
ko TwadLorThs,

3.2.3 BRoZMANOEANROBSLNL

FELVSALHTRERD G, FELV <0 L RO}
iz ~ HRME AR T 2 B L bR B30T, -0
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RRICES S, RBREIL /347 =720 FOHF
12 & 2 B PO URAETE* (all pass) o
EvAn B eRd Iz, ZoOmKe0BEFOR
BRI S EMBEMOTEL <0 id, 20RAL
BREABOFE L <A L < e Dk 5K A50 &4F
'af:.o

IDEILTROLETEV AL —REEAR 7 b
VORKBPICERL TREAT S L&D ChH 5,

1 BLREF
@ 1%, F—2%3

Fig. 3 IR +<, 2HIATFEL <13, RE
FE[E 10m, 118.0dB #*f> 40m, 111.6dB &5~ E# #¢
FREEMERMUS &Rt . MK 10~1,600Hz 3% i [31#%
A &R A, 1600Hz L) b CIXEERIRTEGUN 2]
BTk,

BARFEV 1L, 160~200Hz 7 6 ERMAGE < 72
BIZonF630Hz fLIZBIT+5. MLERFEL <
NEBEA MBI BT S,

*HFEV AN SENRBHOETE L ~ il

Bp &BFIE MK 20ms NSO &M L A~ 0 CHTR
{lg-5>TwW5,
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Ireguency , Mz
Fig.3 Third octave band spectra at various
distances based on application of lea-
st square method to blast noise No. 1

No.2 and No.3

b 24, F—5K2
SUIETBFE L <vit, BRREFNERT LR
WX TEs4—12 118.4dB tH 5. 18516~100Hz ff
8 C IR BN £57 1%, 100Hz LA ECix AR
FBRBIC L 5 FE v S {Ed b,

o 3%, F—o¥1
LIHHHOTE L ~4it, 10m, 120.2dB €55
AEEREMBETIFA L BBV, 1H8 1500~12500
Hz CIXERIC L 3FEL <A oA+ oBZBns
3, 2ok LBREFEREROTIT HE S ClipR
AWMU ENELONS, > TRHEDRA &
BARI—FTF2v I TBIENLETHS,
RTE L < (3EEERE ¢t 31.5Hz iR TH 3 4%,
BRI MYAIz X v 500, 3150~4000Hz~ k174 5
mETR+,

) 4%, F-FiK1
AHETBOBTE L ~nit, 10m, 121.2dB ¢H 3
AEERRIC L TR LM P E R T LT e,
BAREFEL~<nit, 31.5~40Hz 513 400~500Hz T,
HEIC L 3B LAE TRV,

2 #4424+, 508, F—y¥K3

Fig.4 ioR+m<, S0 FELY <1, 15
m, 140. 5dB »» & SEREMBEMIM £ R+ 10~400Hz T
(XFEER Ao U &R 1935, 400Hz LA ARG A 0,
WREE LR A4Y, 31.5~40Hz, 160~200Hz fif
T, HESMERETFUEIEERTHDLITHS,

3 FI4E¢ b

(a) giftkars7v—+

(i) &35mm, F— %3

Fig.5 {Zip+m<, £ilBnFEL i, 5
m, 115.7dB CHgRA BEERESMLRL, §P0H
BEICHOWTLRBTHS. FATEV ALY, W
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12uns pressure leved , 3

Irequency , Hz

Fig.4 Third octave band spectra at various
distances based on application of lea-
st square method to blast noise No. 8
No.9 and No.10

seend pressuie wen €
8 ® §
o
]
~

3

Fig.5 Third octave band spectra at various
distances based on application of lea-
st square method to blast noise No.ll,
No. 12 and No. 13

1935 R MR 1000~2500Hz TH 5.

(i) % 45mm, ¥— 71
LHHBOREE v ~nid, Sm, 115. 2dBCEE 4 FERE
REGREEFT. FPOREBIZSVWTLE4RIRT
55, BAFE VL1, 160~400, 1250Hz BRET
55,

(i) $880mm, F—#%K1
SWERABOFE L <L, 5m, 117.0dB TH 4
FRREREERUA &7 . FPOEABERIC>VWTLRERT
55, BKHEVViL, 31,5, 1250~1600, 2000HzH
ETHS,

(b) #HE SR

(i) #&35mm, F—#%3

Fig.6 Iom+m<, SHERBNTFE LY <112, §
m, 112, 8dB CHR A EBMIAM ERL, &hOR
EBUIZHOWT L2 FARTH 5.

HRTFEL <3, HEBERGIRIcS Y, 1250
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Fig.8 Third octave band spectra at various
distances based on application of lea-
st square method to blast noise No.16
No. 17 and No. 18

Hz » GRREONKIC & 9 2000Hz I8BT4 5.

(ii) £%45mm, F—#¥1

2EHBOTE L~ ik, 5m, 118.5dBT, B~
FERBIREEMIN &R+ . BRSOV T LBE 2 A
RTH5, RFEL <AL, 1000~1600Hz THH,

(i} #%80mm, F—¥K1

LB RNFE L ~vid, 5m, 116.5dB TBE #

BRI EHUS &R L, BPOBEEKIS>VWTLRRT
b5, MATFEL <k, 800~2000Hz A6 2500Hz
81T+ 5,

CL B RS IGBAR AL« SBUR AT RO L S ThH B,

3.3 FFTA (Fast Fourier Transition Analysis)

12 & B15HB5M, SLE0EBIRUMRMIT

3.3.1 SH®

HP(Hewlett Packard)541C Fourier Analyser®
&0, Ko ORBBRTHEOEBENMAA R CRHERE
RIMCRIED T, BEETLLABETF—TIZI2E&, A
(Analogue)—D(Digital) B L, Fourier £ £17
v, RSN, S k0 BSHIRUBER ST — ANy b
nERDI,

3.3.2 SRUMITER

MRS, Fig.7, 8 9. 10155+,

UM 2215+ 5 L, Table3d oM< ¢ 5,

i, oo I inangeohleh-nmnT
REBRYT DM T &Rz, BHKTTFCH
A Y14+~ 1 rDRATRY SHICENTIES G
hiz,

k9Bt 1.53ms AFCHB. —HA » i <n
AFERTH 0 Inpulse ThestE o BFERL 35ms T
b5, #H-TZNLH) AB&K% Impulse $¥iE THIE
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Fig.7 FFT analysis of blast noise No.2 (one electric .dctonator )

Af : frequency resolution

n : block size
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Af : frequency resolution
n : block size
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Fig.9 FFT analysis of blast noise No.11 (drive-it in concrete block)
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A : frequency resolution

n : block size
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Fig.10 FFT analysis of blast noise No. 16 (drive-it in steel plate)

AN : frequency resolution
n : block size

Table 3 Duration time, rising time, range of frequency and level frequency
of peak sound pressure by FFT analysis

No. | sound source dk‘f;c: du_[!nﬂo!mnﬂllmo _ﬂ-ﬁ,:;m ?fggﬁnfymn '%?lkasn:t mg!u)"g.mazr,\al
2| e ele:l‘e:::ilator L 0.8 101280 ssu o
2fonectectrlc or| 30 [15+9 L8 | a@-128 | 39,75 | 4050
10 | enckl dyr:asrgltge) 15 19.8 009 10 - 1000 160 5ILS
flemantn | & jrzeas | on | 0o s 3150
el s o o e | )
ai o N N R I e L
*lanmpme | 5 7 e R By
16 E‘&;’ﬂg“ 5 |Le 02 - 3000 1900 | 1500-2000

1t seemed to be reflective sound

Ll Th, RLTELWEESRTHErbOMGH
PHRIRHE L TOBRKRBHOHAS,

JAR SRR AL, 1/3 A2 5 —F -0 F .
7 ¢ =S A3 20~20, 000Hz DILFUE & /2 »
oz L, BRI E A2 R BasEE A Bk < FEIB AR
RANBH Ghthale, MFICR 7 VE—DL R
Ry ANDKBENELGRS,
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FERFTE Y <« hOER G Rk Fk T
HBEN, INRVIF7F—=T R K7 cny—%
LB LOEBA—HLTHS L5,

4. 8 F

MBEFWE LT, LB, Y1+~ 1 P RUFS
18 ¢ PERY, 1 0 BRI MY, L
—¥—il&y, BREFLIRIETL. MHTRen
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BAICH U i RBir L 2z, .
(1 JMAMAB Kl v <1 BRBFT, I
& b ) XX R S00mm/sec. THEL <A

T 1R

FE v AVOBIAEHR 2 BRI Tur.
Zh X VFHGES (r=0.lm) D 10 — LA &R
LR~ iR+ < &L .

LR OUSE TR A$5E Lin R ARtk
EABFELRAOBEFT 12, Linic ks oM
AlLL 340 ) KEEREIB S, BERERHENS
FRENDMEN N, AL 1 8B ORKEASHK « 5
DEBLEDLOIBLABLVWEFELXLEFTTLNG
I,

(2) 1/3 Octave Band Pass Filter— v a— ¥ —#%
IREBTFEV AL —RIEB ALY b RO IFER

FELY <L OB, FF4 1 b TixH
RTH-1eh, BEABE, F4+=4 Tk, 1 1BR
WhRLONH -1t TAGOFRBIRREEICAETL L
Clip BlthThdmi Lhlev. - THRERTOE
HAsaza—7&RL, FEEREBERHIZEN
YBETHD.

PR TER Tix 10~20,000Hz DEEIKICE »
ey, BRFE L~ - L Bdike:, BEEBY, &
{4424 FTit20~40Hz AR D £, FFIAE ¢
b T, HEERAYTRIMBRLSY 1000~2000Hz HiBV X
ThHolz,

@) W7~V = —TRNMTRIC L SEHTEER T,
Sl ARBHGhichal,

& > TREEERIZ B Rgesil £ koo s, BETE,
¥4 +24 b Tit, 19.8~70.2ms T, {TH LIRER
I3 ERNTERBH6NRT, K54 ¢ b T,
1.63~4.0ms CHFHIZH~B] 6 M,

stk O ESANIE, 0.09~1.53msizH ~ 7=, #~T1
BHREOFHE2RO0SMs L Y B W LOLH D,
b A o3 ARG & DTS Impulse DB E L

35ms L 9z, - ToOL ) BT & Impu-
Ise $tE TRRBLAL LTLRLUTEL WMIEERTH
HEhrbhodr Bl LToRkRrBH 6D,

AR & 0 Lok Bz, 10~4000Hz ¢,
BRTEE v < p LY, Y14+~4F, BEE
Tk, HEaEMMEE 160~755Hz ¢, F7 1 ¢
{ ki1 800~1900Hz ¢& - /2, 1/3 Octave Band
Pass Filter ik 5L 0GB % ZHh 612Gt 5.

P EnEBINLREBYF AR & e 9 HIEBYFEA
IBBHLTIT-2260THY, M4BT EBbH-
IFRKEAFERNFHRAMPHRER, KRELATE
it 5 —pHETHE OBFORBBTRRZH
@hv v A AmEK K. RGTBAABEEH
HRRRICEMT D L, APERRO 1 BIXFEAT
ulxy FRRBIRREICE 54N TR L TR ERFAT+S,
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Measurement of Blast Noises

Tsuguo SAWADA*

Blast noises of electric detonator, 50g dynamite and drive-it gun were

recorded

through the measuring system of Impulse Precision Sound Level Meter (E & K2209)

and Tape Recorder (Nagra IV-SJ), and recorded in various analytical purposes.

Sound pressure level, frequency spectra, duration time, rising time and others

of blast noises were found with Measuring Amplifier (B & K 2606)-Level

Recorder

(B & K 2305, writing speed 500mm/sec. ), Third Octave Band Pass Filter (JEIC3302)-
Recorder (JEIC LR-22) and Fast Fourier Transition Analysiser (H. P. 5451c).
In FFT Analysis a single pulse was not found in blast noises in the case of

these small quantities of explosives.

The rising time was in the range of 0.09~1.

53m.s. and so the sound pressure level with the Impulse Precision Sound Level

Meter (35m.s. time constants) also seems not to be exact entirely.
(*Faculty of Science and Technology, Kinki University, Kowakae,

Higashiosaka City, 577, Japan)
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