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Fig.2 Arrangement of measuring for determina-
tion of the noise level in the field.

A. B. C:impulse precision sound level
meter B&K Type 2209 A and B are con-
nected to FM and DR channels of NAG
RA Type IV-S] respectively and C to
high resolution signal analyser B & K
Type 2033.

D, E: sound level meter JEIC Type 1005

F : anemometer, G : balometer

H : hygrometer

BRBE, WEER 0m PR, FF5IES b
LHELL a2 79— FERLETTY, 30mnB4aa,
FERLMEE, S HH2.0m L LA,

Fo4E1 bit, BRKIZa 29V — 7y 2
(& 2lcm, 6lemx34em) BUF 84K (FI s 1.0cm,
60cm x60cm) #Fvy, RiII=2L 7V —F P00 o
AR EZBVWTIT- 12,

3.3 FEmEmoRE

BIMBHEWUCR L, A, B, C, Disgs ~SHEEIcH 5
Pm<BEL, A B-Cizitfa xEET0H

(B&K Type 2209; =1 7 ok itka -%—", l",—;—")

D,E iz i 30 ¥ 3+ (JEIC Type 1055) A, B itk 4

— 156 —



L a— 4 — Nagra Type IV-S] #»FM, DR #+ > #
niz, C i3 HRSA B&K 2033 iziftg% L, D,Ejz v =
— #— )EIC Type LR-22 £ v »TIR&E L /=,

# - TAR R~ STERERITRRIICIZL S Y
NTH5, A, BELol&izovTiBICEETY,

4. ARSI

4.1 EFENMERITI DR

(8) FEARREMGHWBIZL 5BESN

WIBY ORBO BB EORENA AR USHER
BACHKIID T, F—7va—¥—DRFy iz k
NRASTESLNEEH4E L, HRSA B&K 2033iz
LogrLL, o, FETROEERAOERE
Fig. 3 iz +.,

HEBOBEEIEEF+— 26, SLEVEZ, BR
EHBR L /2 390 B » T H 6RO, (SEESIIL,
10k B4 > 7k = 2 FENS 0dBE T +5
RN HRS, HMERKTFELVSABERDHS,

BEBEORERART b Fr— 26, FELS
rOREKIC L S, BEKEE ©— 7 RS

ERH5,

b)  HRUTRIE IR

e OfRITRMR 2, 1/30ctave Band Pass Filter
-Level Recorder } U Hewlett Packard 5451C (L1
FHPS5451C LBE4) 124 5 FFT S L2t L
£i5+ 5L, Tablel-(a), )OI TH S,

M EVRR, EHARENEA,GRAKEHEN
BMEL, () BRERKEHMISOZ EVERMTH
5,

(i) 1/3 Octave Band Pass Filter {2 X 5847

Sz koss, FHEESMSERHOBLVE, RATFE
v ~nit, HRSA B&K 2033 I e+ 5 ¢ F LK
v, BIEEEEz, 10~20,000Hz CIL v A i Sk
T, =7 FE VAL BB HERMERREE T,
FFT (H.P5451C, HRSA B&K 2033) 2Hi#855: & %
i i —8+ 5, Lo bz, 740 5—1L 2
R 2OEBENLHY, REESEL LT-ELAL
iXEvV .

(ii) HRSA B&K 2033 ¢ HP5451C iz kL 594

10 1, Full ScaleLevel  : 120dB
r = full Scale Frequency : MKHz
Full Scato Level ; 2 82V = Frequency Span : 0~ 20KH2
Full Scate Time ; 200ms s Weighting  : fbt
Lot Tima Sample  : 10K & Bandwidth  : SOHz
- Full Scale Frequency : 20KH2 0 Record tength ;: 200ms
2z
> \
0 km j
] i
&0
-L.OF
<20 A A A N 2 - N Huhlh! Il!
0 0 100 150 20 20 0 4 3 17 1] 2
Time Ims) Frequency {XH2)
(a) Blast noise of electric detonator (No.2, 10m)
0r 10 [ Full Saais Level : 12068
@ 20
Full Saale Level ; 2RV g :ull :‘au ;;::cnq rae
Full Scate Time : 200ems $ Vet P
Lo Time Sample  : 10K 3 s S
-0 Full Scate Frequency : 20KH2 i
5 ] Record Length : 200ms
>
0 Sannan 12 hnd
I 1}
60
.za 2 A 2 i 3 “ " 'Y A A el
Q 0 10 150 20 =0 0 4 8 n» 16 F-
Time (ms) Frequency {KH2)

(b) Blast noisc of enoki dynamite (No. 10, 15m)

— 156 —

Fig. 3

IRARBE



€861 ‘t 'ON ‘t¥ "IOA ‘nyeAe) QABoy

—L81 —

Table 1 (a) Frequency and time analysis of various blast noises by third octave band pass filter and Hewlett Packard Type 5451C.

Third oclave band aralysis

F.F.T. analysis Hewlett Packard Type 5451C

No. sound distance maximum range of peak rise time duration range of peak
source {m) S.P.L, (d8) | frequency(dB) | frequency Ha) Tw (ms) time Tgims) | frequency Hz) | (requency Hz)
electri
2 | eletric 10 L8 10-20000 800 13.46 113.0 10-1260 530
(0.61)
lectric
2 | ¢ 30 103.5 10-20000 400-500 6.15 125 40-1280 3%,
delonator 10,38) +9 155
10 emki‘dsg;'amlle 15 1289 10-20000 25-31. 5 6.29 19.8 10-1060 160
{3.70)
(1. 92) +21.5
1 ?z";“ng:'e‘t’:“ 5 105.0 10-20000 1000 0.37 2.0 100-2000 1060,
block 0.37) 1160
I fz"c“',“n‘c‘;gz" 15 9.0 10-20000 1000-1250 0.17 187 -3000 800,
block {0.17) 1200
16 35mm drive-it 5 111.5 10- 20060 1250 120, .27 40-4000 1120-1140
in sleel plate (0.24)
16 | 3smm drive-it 15 99.0 10-20000 1500- 2000 (g' g:) 1.63 -3000 1%0

In steel plate
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Table 1 (b} Frequency and time analysis of various blast noises by High Resolution Signal Analyser B&K Type 2033.

F.F.T. analysis High Resolution Signal Analyser BEK Type 2033

No. sound distance rise lime duration maxgimurn average noise full scale range of peak bandwidih record peak .
source (m) Ta (ms) time Te (ms) S.P.L (4B intensity w/nf) Irequency (Kid2) frequency Mz Irequency Gz [1H] lengih (sec) | E.S.D. 0B}
2 electeic 6.28
detonator 10 10.39) 101.29 BL3 166 » 10-11500 550 5 0.2 6.1
2 electric 632
detonator 30 . 0 1835 1308 L3 2 0-18950 150 5 02 14.0
10 enoki dynamite 0.07 57.42
{50g) 15 (.07} . 2109 142.2 5.2 2 0-20000 200 5 0.2 7.3
8 enoki dynamite 2.30 2804
t50g) a5 (.15} +3.51 1321 5.06 20 0-20000 2100 5 02 51.8
33mm drive-il
)] in concrele 5 02l 5.85 1425 29.37 20 0-20000 1050 5 0.2 581
block 10.21)
3Smm drive-it
n in concrele 15 0.33 5.85 130.0 [ 2 100- 13750 2% 5 0.2 6.0
block (0.09)
35mm drive-il Q
16 in steel plate 5 '& ::' L 183.2 16.60 2 0-20000 :g s 2 51.2
35mm drive-it
16 in steel piate 15 '&3;) 9.31 B2 20 2 200-20000 1800 5 a2 68
YE.5.0.« 20109 pip+ 10009 T, 10 log B/B. €. S.D. : energy spectrat density (dB) p : sound pressure (pa} T : record fengih (secl B : banowicth H2)

{ } rise time of maximum peak.
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(d) Blast noise of 35mm drive-it into steel plate (No. 16, 5m)
Fig.3 Time signals and their spectrum of the blast noises analysed with High
Resolution Signal Analyser B&K Type 2033.
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Table2 Caluclation of noise intensity

1. pe? Ife J : noise intensity
Pe: effective value
£ density of air
¢ : sound velocity
Pcedl5 (N sec / rnzb at20cC
here
Pe « (tfp2 wat 1711 par ; sound pressure (pa)
° t o time (sec)
T : periodic time (sec)

and
pit) = kVi) k : callbration factor
V : reading of B&K Type 2033
out put in wolts unit.
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Fig.4 Time signals and their spectrum of the blast noises with High Resolution Signal
Analyser B&K Type 2033. Blast noise of electric detonator (No. 14, 30m).
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Fig.5 Time signals their spectrum of blast noises analysed with High Resolution
Signal Analyser B&K Type 2033. Blast noise of electric detonator (No. 22,

30m)
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(a) Time signal of electric detonat r (No.19,30m). (b) Time signal of electric detonator (No. 20, 30m).
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{c) Time signal of clectric detonator (No.21,30m). (d) Average frequency spectrum of electric

detonator (Ne. 19, 20, 21, 30m).

Fig.6 Time signals and their average frequency spectrum analysed with High Resolution

Signal Analyser A&K Type 2033.
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Table3 Frequency and time analysis of various blast noises by High Resolution Signal Analyser B&K Type 2033.

No. souvnd distance rise time duration maximum full scale range of peak bangdwidth ® record 1 peak
source {height) (m) T, (ms) {ime Ty ims) S.P.L (8l frequency Hz) frequency Hz} frequency 042) M2} length lsec)( ' E5.07 @B
electric 6.19
1 detonalor 10 @ {0.06) 1412 144.8 20000 =20000 650 H 02 822
electric 6.57
2 | detonator na 10,06} 5.9 1388 20000 ~20000 20 5 0.2 28
35mm drive-il 0.07
3 in concrete b) ' 241 130.8 20000 =~ 20000 950 5 0.2 5.8
10.07) A
block
35mm drive-il on
4 in concrete ) ' 9.41 128.5 20000 -20000 %00 5 0.2 66.6
0.1} R X
block
35mm drive-it 018
5 in concrete S ' 1208 121.5 2000 -2000 995 0.5 ? 69.0
10.18)
block
35mm drive-it
6.7.8 | inconcrete 5 20000 ~20000 1050 5 0.2 65.4
bleck
35mm drive-it 0.10 R
| insteet plate 3 10, 10} 2.4 1319 20000 20000 1500 5 0.2 6.5
35mm drive-it 0.17 R
10 In stee! plate 5 .17 14.03 18.5 2000 2000 1660 0.9 ] 1B3.4
35mm drive-il i "
1213 | i steel plate 5 2000 20000 1700-1800 5 0.2 .6
electric 6.19 i
14 detonator 30 @ (0. 06) 235 140.0 20000 20000 200 1 0.2 .7
electric 6.68 R
15 detonalor 30 @ (0.12) 818 130.6 20000 20000 315 5 0.2 57.7
electric "
192211 gotgator na 20000 20000 w 5 0.2 7.5
2 | Searic 3 @ .68 312 1226 500 500 1. 012 8 7.4
delonator 10.12) N 318
electric 6.80 R
B | felomstor 30 M 10 1.5 133.1 20000 20000 800 5 0.2 .4
a | Ceclric 3 6 8.3 ¥ 1.5 20000 - 20000 0 5 0.2 Taa
detonator {0.12} ) g

* E. S.D. +20%gpip,+ 10109 T/Te- 10 log BIBs E. 5. D.: erergy spectral densily {dB)

() rise time of maximum peak

p: sound pressure {pa)

T : record length tsech

B : bandwidth 042)
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Measurement of Blast Noises (II)

by Tsuguo SAWADA¥* Shinkichi TAMAKI*

Time signals and frequency spectra of blast noises “electric detonator, dynamite

and drive-it” were precisely analysed by High Resolution Signal Analyser (B&K

Type 2033 : Zoom FFT by recording the time signal). The sensory and physiological

evaluation’s characteristics and parameters of various blast noises were able to find

in the analysed results. Adaptability of the following Energy Spectral Density

(ESD) was not fully confirmed in this experiment.
ESD=20 log P/P;+10 log T/T,—10 log B/B,, dB
P, Py : sound pressure (pa), P,=2Xx10"% pa;
T, Ty : record length (sec),Te¢=1 sec.;
B, B, : band width (Hz), By=I1 Hz.
The blast noises of long time signals also will be carried out in the next experiment.

(*Faculty of Science and Technology, Kinki University,
Kowakae, Higashiosaka City, 577, Japan)
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