Instrum., 35, 1684 (1964) (1964)

J. R. Hearst, L. B. Geesaman, D. V. Power; 5) H$h—=, LFEAK, 25, 145 (1964)
J. appl. Phys., 35, 2145 (1964) 6) Mo—=, WTRM, BT
2) mp—=, TRXM, 26, No.6 2485 (1965) 7) G. F. Kinney; “Explosive Shocks in Air”,
3) #ae Macmillan Co., (19562)
A.E.H. Love; “A Treatise on the Mathema- ABEZMH, TRAE, 26, 142 (1965)
tical Theory of Elasticity,” Dover (1944) 8) JAERI-memo., i$1896%, (1964)
4) #lx 9) MFEH - hH R AL, TEAEK, 25,
NRERE, ThF7vvasip 2 BB, B, 22 (1964)

Measurement of Blast Wave Pressure by Piezoelectric Gauge.

I. Types of Pressure Receiver and Their Application.
by Kazumi Tanaka

The author tried to measure the transient pressure of the blast wave by using
piezoelectric gauge. Electric circuit suitable for this purpose was presented. Piezoe-
lectric element was made of lead titanate zirconate and had a shape of circular plate.
Two pressure receivers were designed to take out different types of piezoelectric effect;
one of which was concerned to the radial extension of the piezoelectric plate and the
other was to the axial compression.

Measurements were made on the pressure waves produced by the shots in an
explosive shock tube and by the open explosions of small spherical charges of “Shin-
kiri (ammon-gelatin)” dynamite. Pressure wave profiles were recorded by an oscillos-
cope and a camera.

The results showed the compression type receiver had clearer response by virtue
of its high natural frequency. Every pressure wave was of triangular form and had a
sharp rise-up. The peak pressure values of the waves were compared with the calcul-
ated one based on their observed propagating velocities. = And it showed that they
almost agreed with the “stagnation” pressure.
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No. 1, No. 2, No. 4

Fig. 1 Test Constructions

® AB ® A
C C,
2

N0.1 NO.

®A,B§l
C
~ No.4
1| oC

@ A
- & B

= YT Explosive charge

@ T Blastmeter
@ oerereees Strain gauge
Lrrerereseens Piezo-element

Fig. 2 Locations of explosive charge and
measuring points
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Table 1 Dimension of test .constructions
used in the experiments

Test
construction No. 1 |No. 2| No. 3| No. 4

L, (cm) 400 | 200 [pR=200] 100

H(n) 400 | 200 200{ 100
4y (7) 30 20 1o} 15
5L, () 45 30 20
L (#) 310 140 60

(@) F75AMA=2~ ,

FRIRSEROTEEN I0mm OY¥FOTFA b
A=B—LERARMT SR A —F— (Ji&, bbb
ZEFERE 2.0, 1.5, 1.0, 7 B X U 5mm)? L %
HRU, ML LT, BERLBLLLOEE
LIZIRC, BX 0.5mm %721k 1mm »&iE, 0.3
mm ¥721% 0.5 mm OEEERV-,

TDEIRT TR A —F —ERRIEONEEICZE
fEBLCAY TREBLTREEZEL .

() ExIETF

Cx VRIS FF CEIONE 9.5 mm,
K& 1.5mm OREIRREGC, EBRER 2.5V/
atm Thd, LR X, UF SOFT 33kt HARD
LIRS 2ROWEOLO B L. SOFT 3%
FESTVIr—aF -0 RBlizitsilbo, HA
RD REFER—7 54 FEO/DPKIZh =MD 213
b DT B

HEFFICIE, HH L HEEHAOKNT S Y oR
TiCH Y (4137225, SOFT o 4 37— 7 Tig ¢
$&x, HARD o BARENFICAEL, #2T
SOFT Tit, RFENR757 Y ORGHRLEREINAT
va0lcxl, HARD Tk, BFHHE75 20
BHEZH 3L 52TV 5. £OM, vz VEiiC
X ARERK, bYF-ERL Y22 v TR
] BRI hiv,

© ArLYF-—CERENH

HEHOH HERE, v SEORS LRI,
YIrARI~FOTFY AR LCERPE, #Ful
B 25 CIRER& L.

A LBER Y 77 » 7RFREE TS
#H:84> MP/30, MP/100 33X U8 PE/300 ©, $IEH
7 v 7 idf DS-6A ®HTH D,

3. RRER

(@) FSRFA—-Z-—

FREBKIZ OV COBIEM E—IE+HiL Table 3 @
WY CTH B, RE a OREBE ¢, BOIOOE
B R oficBi} 3EA P 3BERmooEH P iz
L, 21T
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P=Pf(R/a)

DR TRbEND, Tk f2) DMK T, B
HoMBEMBEE->TEIE, a BERE W o 1/3 Ri2

Tabel 2 Distane between explosion
center and measuring points

pl+sme, bRk Tout Distance (cm)
P=Py(R/W*) construction A B c
LD, R/WXK % scaled distance LBEL,

TOERFIL LSS, FRBkICOVT Table 3 No. 1 200 250 315
DO~ ESOFELH % scaled distance DRIELE L No. 2 100 - 125
<7wny b +hif Fig. 3, Fig. 4, Fig. 5 BX« No. 3 100 170 10
Fig. 6 DX Hicins, &E @ fi#t E 1% Reference No. 4 50 50 60
urve ¢, TNT {covTtodinTd 3,

c
Table 3 Results with blastmeter
st No. of Weight of Pe.mk pressure (kg/cm?)
, . charge A § B I c
construction | experiment ‘
(kg) Max. | Mean | Max Mean | Max. | Mean
6 3 12.6 10.9 6.6 6.4 11.1 8.3
7 3 12.0 9.3 5.8 5.5 5.6 5.2
No. 1 8 6 28.6 25.6 6.8 6.5 13.1 —
9 6 28.4 25.0 9.6 8.8 14.0 12.9
10 12 45.6 44.6 28.3 25.5 35.5 33.9
* 11 12 61.8 60.2 29,2 24.8 29.2 27.2
* 12 1.2 26.5 | 25.0 4.5 4.0 19.9, 17.4
No. 3 13 1.2 21.8 , 18.3 3.8 3.5 23.7 22.2
* 14 0.6 9.9 8.5 2.0 —_ 1.1 8.3
* 15 2 39.4 35.6 8.2 6.8 32.8 31.8
1 0.06 3.4 3.2 3.2 3.1 3.8 3.0
2 0.12 6.4 5.7 7.1 5.4 4.7 4.5
No. 4 3 0.5 73.7 64.6 83.9 63.2 63.8 61.3
4 1 97.9 84.5 67.5 63.2 80.2 63.2
* 5 0.5 64.0 52.6 45.0 4.2 35.6 29.2
1/ 0.2 4.8 4.4 _ —_ 2.6 2.3
2f 0.4 6.7 — - _ 3.8 2.5
3’ 0.4 8.2 6.5 —_ - 2.7 -
4’ 0.8 12.1 11.8 —_ —_ 7.6 5.0
5 1.2 22.0 21.0 -_ — 9.5 8.3
No. 2 6’ 1.2 21.2 19.0 —_ —_ 10.5 7.9
7 1.2 22.3 22.0 —_ —_— 18.6 11.8
* g 1.2 30.4 29.3 — _ 11.4 9.5
1’ 1.2 23.0 19.9 —_ —_ 14.9 10.7
9f 2 52.0 50.3 — —_ 17.8 13.5
10/ 5 82.6 70.5 —_ —_ 74.8 60.5
Note:
* Entrance of the test construction is closed
10, 27, 3, sevenene -11/ are the numbers of preliminary experiment
24 (340) IRKEBEE
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Fig. 3 Peak pressure versus scaled distance
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100}
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plotted from the results with blastmeter
for test consruction No. 1
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Fig. 4 For test construction No. 2
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Fig. 5 For test construction No. 3
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Scaled distance, R/W* (m/kg¥)
Fig. 6 For test construction No. 4
(b) TEIYERTF

BOREEAEBRM—OEDIZNIC 2~3 BO¥
EROZ ENhORN, B EXROED, B2
BEFBLOTRETHONm, —2DOHD & ix 30~
50 psec T, BEYAN¥ O WKL 50~150 gsec T
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1
0 100 Msec

Fig. 7 Typical form of pressure wave
obtained with piezoelectric method
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Table 4 Results of piczoelectric method
(By SOFT-element)

Test No. of 1 wt. of 1Distance; First wave Second wave
charge | p I P ¢ I
construction| experiment
(kg) | (cm) | (kg/ecm?®) | (ms) |(kg-ms/cm?®)| (kg/cm?)| (ms) [(kg-ms/cm?)
8 6 200 8.5 1.080 ? 10 1.150 ?
No. 1 10 12 4 27 0.675 0.68 32 0.820 0.80
* 11 12 4 53 0.825 0.80 very low| 0.875 -
* 12 1.2 100 i 7 0.550 0.14 5 0.610 0.05
No. 3 13 1.2 LA 15 0.550 0.45 10 0.610 0.60
’ * 14 0.6 L 4 0.700 0.20 - — —
15 2 » | 28 |0.510] 0.8 - - -
3 0.5 50 | 11 0.600 0.22 6 0.725 0.30
No. 4 4 1 L4 22.5 | 0.460 0.55 very low | 0.575 -
* 5 0.5 4 6 0.470 0.12 3.5 0.595 0.07
Note:
¢ : Delay time from the instance of explosion to the arrival of wave front.
P : Peak pressure in waves
I: Impulse
Table 5 Reslts of piezoeleatric method
(By HARD-clement)
wt. of ‘ First wave Second wave Third wave
Test No. of * YDistanc
. i chargj Pl ¢ 1 P | ¢ 1 P | ¢ I
construction { experiment . ! . .
() | Cem) (K87, | (ms) |(48 el |k8/ | (s |58 15l |CKEY | (s (R e/
8 6 200 27 | 1.080 ? 40 { 1. 140, ? 25 | 1. 190 ?
No. 1 10 12 4 1910.675 0.75 4310.750; 2.00 35| 0.820; 0.62
* 11 12 ”n 15| 0.825 0.23 24} 0.850 0.48 —_ — -
* 12 1.2 100 51 10.550, 1.40 361 0.700; 0.81 —_ —_ —
No. 3 13 1.2 4 77 | 0.550, 2.32 24 | 0.660; 0.46 —_ — —_
’ * 14 0.6 28 1 0.700] 1.12 90.830 0.18 - - =
* |5 2 v 100 | 0.510; 3.50 —_ — —_ —_ — -
5 1.2, 100 | 35|0.540 ? - -4 - - 4 -
6’ 1.2 ” 24| 0. ? —_ —_ _ —_ — —_
b &4 1.2 ” 28 | 0.540 ? — — - —_ — —_
.2 '
No 8 e w | 48lose 32 | — | — 1 —| o =
10’ 5 " 79 0.320 2 - 4 =] -] <4 =
1" 1.2l 74 | 680450 452 | —| - — | — —I’ -
26 (342) ARIRBEL
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Fig. 8 Peak pressure versus scaled distance
plotted from the results of piezoelectric
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Table 6 Results with strain gauge
Measuring point : A
Test No. of Weight of | Delay time | Peak pressure E;“;tt:ilgg Impulse
. . charge (ms) (kg/cm?) (ms) (kg-ms/cm?) Pickup
OEREEEEEN ) |6 o wln B on|lwow WL & L[
6 3 t. - 10 15 - 11 — 8.25 — IMP/30
7 3 1.4 5.4 12.5 10.8 0.5 1.7 3.3 9.2 12.5 ”
No. 1 8 6 1.06 4.6 26 16.5 0.5 1.4 6.5 1.5 18.0 ”
9 6 1.06 4.2 (20) 2t 0.6 1.5 6 15.7 21.7 n
10 12 0.66 3.5 59 17 0.5 1.2 14.8 10.2 25.0 ”
* 11 12 0.81 3.6 59 18 1‘0.45 1.2 13.1 10.8 23.9 n
* 12 1.2 '0. 56 2.0 25.5 12 ‘0.42 0.6 5.3 3.6 8.9 MP/10¢
No. 3 13 1.2 :0.56 2.0 29.4 14 tO. 38 0.5 5.65 3.5 9.2 ”
* 14 0.6 0.70 2.4 11.0 5.5 0.70 0.6 3.86 1.65 5.5 ”
* 15 2 0.50 1.8 50.5 15 !0.36 1.2 9.05 9.0 18.1 ”
1 0.06 [0.39 1.7 3.2 |11 4 3. 7|0.16 0.02 0.06| 0.91 0.04 0.11} 1.08 /30
2 0.12 |0.38 1.4 2.7)12 12 9 0.15 0.03 0.015 0.93 0.17 0.06) 1.16 o
No. 4 3 0.5 0.23 1.0 —i(42) (25 -0.02) - — — — —[PE/
4 1 021 — —95.5 — —0.1 — —435 — —(4.35) »
x5 0.5 0.220.9 —I04 (50) —0. — —{415 — —((415) -
1’ 0.2 0.9 — —]6s5 — —b4 — —Ji1ss — —| —|MP3e
2! 0.4 0.722.82 6.82/ 9.4 9 4 0.451.2 0.5([2.15.4 1.2 8.7 L4
3 0.4 0.60 2.60 6.60{ 9.2 9 6 0.41 1.3 0.5|1.95.9 2 9.8 L
4/ 0.8 ‘0.57 2.42 5.5212.3 10 7 0.441.0 0.4|2.75 1.4 9.1 n
5/ 1.2 '0.54 2,11 4.71)15.715 15 0.42 0.9 0.6]3.36.8 4.5] 14.6 ”
No. 2 6’ 1.2 l0.55 2.05 4.6516 8 9 {(0.4)0.7 0.5]((3.2)2.8 2.3 | 8.3 PE/3p
A A4 1.2 |0.56 216476/ — — — — — —~ — = -~ —=| »
* g 1.2 0.552.15 4.5533.7 7 5 0.320.8 0.5({5.42.8 1.3] 9.5 ”
9’ 2.0 .44 1.84 4.0462.2 15 7 [0.24 0.6 0.6 7.6 4.5 2.1|14.2 4
10’ 5.0 .34 1.34 3.2482.843 20 (0.40 0.6 0.6 [165 129 6.0 ] 35.4 2
1’ 1.2 50 — —i(43) — —0.27 — —57 — — -— ”
Vol. 25, No. &, 1965 (343) 27



Table 7 Results with strain gauge
Measuring point: B or C

Weight . Duration Impulse
Test No. of |Measur- of8 Delay time Peak pressur of pulse P 2
. . ) charge (ms) (kg/cm?) (ms) (kg-ms/em®)  ipicyp
constructionexperiment| ing pt. I
nrx (kg) ty fgy B3y Plv },b })3’ A Wh‘VthS:"’ Il’ Iz’ Ia, o ; '
8 c 6 21 7.2 a9 — 8 0.6 |(5.6) —{PE /3w
9 B 6 2.167.6  [28.5(11) [0.54 0.6 7.65 3.3 |I1.0 ~
No. 1 1.16 3.6 5.552.515.013 0.6 0.8 0.716.8 6.0 4.5
10 B 12 g210.8 5.5 5.2 ;o.s 2.0 .4 52 P9 ~
. 1.16 3.6 5.645 15.511.51.09 1.0 1.1j19.1 7.7 8.5
n B 12 8010816510 7.5 9.5;0.9 1.0 1.004.5 3.84.8%9 7
* 12 c 1.2 lb'“ 5.4  [25.5 14.5 ;0.76 1.6 |10.7 11.6 22.3'PE/300
13 c 12 0.765.2 28520 0.90 1.0 [12.8 10.0 [22.8 =~
No. 3 | =4 B 0.6 |(2.1)2.9 5.41(7.5)41 25 0.850.9 |1I7.411.2  [28.6] »
* 15 B 2.0 |g-§3)2'°‘* 3'1%7) 81 57 1976 0.7 0.730.7 20 27.378 | »
! &
< 1}
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g
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Fig. 9 Typical form of pressure wave g ir g"' ::’;
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Fig. 10 Peak pressure versus scaled distance
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gauge.

28

(844)

Scaled distance (m/kgX)

Fig. 11 Scaled impulse versus scaled distance
plotted from the results with strain

gauge
sor

o ---No.l
X --=No.2
@®--—-No.3

10t

Total scaled impulse, 7/ W (kg-ms/cm?/kg¥)

13 T
Scaled distance (m/kg¥)

Fig. 12 Total scaled impulse versus scaled
distance plotted from the results with

strain gauge.

TRAREB S



4 B B

(®) FSAPA—%—

Table 3 (2 XBEE O L BASHOHR LAEL
Thv®, gEoRECh—-MEiiicky-Tb Rz
EfoMEHOMcHToRRED 5, ThiZSER
DL BADPBRERIBNO & &2, EHREMO
SRS, ZNThoZEHOBE LEAB LY
ZERBIc>V TR ANREEAEET S LT
BEShE 52, fhickvt, & i Bl ©
i, B0 SDOTUEOTIREN D2 63, e O
BORENEL OGN, 75X 2—=F—TRH LIS
X, ThooREEhEGRERDT LOTHY,
EmfrEOHT»ORS THERC R 28k
Fhbsz L b—RHEBbhs, Lirl, 280
T, BER—{RIZHBIBR b v yr—UREER,
Ex SRTR YIC X AREMN L e L THNE, BY
REAMTHDZ LHBBHLAS,

HRAMEROTRHER & LT, FRrRifH
SEILBISRAMMEERT<ETHEING, —BE
BORAEIHEAF20O08ERTHS55,

ARMAEOHEE Bk No. 1 321U No. 3 iz
DWTHBE, ARCBIAREAERMOOESIZK
LTHOLRIZH L ROATY 305, BADCIZEVT
BRAAOHES LY OMR2TELED2TY B, T
CARMOMICEVBAIC L 20T, HADL &k
BEN ARMOEBEML RF R LICEBLOLE
2 b3, MRk No. 4 Ok, D TORROEBIZ
BRERMADRHRANTIRITAZL {, Do FATEHM TR L 72
0T, RERCHADOHEL Y bH_TOLATCECE
ﬂm&iﬁ LTV‘%@

v'— 2 L scaled distance ¢ DBFE L Y Bl—3E
Bz SBMEEEETD L, AL L BAKN
L CIRRENRZVH, CLKNTIZA, BEEICKL
BEZRTZ LXBL NS, O THRAIZESNR
h35L9THD SMULMERK No. 2 Ci, CH
BESGREMATREL, TIRAA—7—OZFETED
BREIB OB TV DT, ALK E CAKR
LOERVFIR TRV ORYARTHS,

() ExVRF

SOFT 3¥ & HARD T L ORIERZRIZERD
b3z LizW 6N, HARD 7-Co RRMizEic
SOFT HF0fix) bR&v, ThiRlBEShiy
T BT OREEEN 2 IS O T L THEE
EBmEhs, Lnrl, Z02{FE v 5 ReEming
BEMERICHT 2 LD THEING, T ORBOBHRN
2V, ThBEOREIDLAILONPIE T
vy, ¥ HARD T3 6027 7 CoRfiED

Vol. 26, No. 6. 1943

DEBEZI B0, TOR%kTY SOFT %HT7Ly
ARERR 2 5EREFES>TV3, #>C HARD ¥
DPEBZREET L0, EHMEHK1/2 &+
3k, TRV A ADflib 1/2 52k
THD,

Fig. 8 #2353 ¥, ©—Z7FE X 2 v T Reference
curve Yk DETFRL 2TV 50, 2R Bimic
DB. LIdLA A ANRIZAWTRIRIC scaled dist-
ance *OBREEY Sy b LTRDB L, 4 V3 0RIC
2T D Reference curve YV JEigiz{Bv iR+
EiZ, 5EIE—BLhThVv. 20 Hiy iz SOFT
BBV TLLEF LY, ChRBEIATREVE
FiA AR L S B R R coREic ik
ARY LI LERTI LIRSS, RTEREL
T, LLTo) LABEELR B0, Cx/H
FERICH@ORBIZEY F13 55HTd 5. JLE No.
1 C—EENRTZORETOWBEETAY, ZIERY
A AN ADHEBTB, HEOTE Y XIVRIER
BERDEDIZR, L /RTOHBRBLIVEORD
FiIFHFEIZSVTE LIHRERMALE TS 5,

(© AFLIHF—TRRESR

= OECRHIBIZ £ 501, EOMMTI B
BOEHEFHEBRIZHAL T E0hF\ LV L
TH 5. A LIBERHY 0~15ke @ K TIIREE
TR 1% N EV I Z Eich2 TV 50T, Bhkk
ERBECLOAAEATECE, 15ke B ETOH
SRERCABTE I Lot s, —F, ALY
—~TEIH L TH HREMH ORI LB B0
HWAES Rbh S, ZOEFEMK Ly 2
T o7tk oTRILBM, 25~0ke B TH S5, B
L OERENEVESREREO VA BEEL,
P03 bV B b I b IR MR IER I
AEERA 2 ea»BHEM RS, =0
EHESOFBER{ DI, TEH2T o 825
{o 230 fo TO/BONE VW Ey 27 7% L
B, EREBREEE 7Y AT LTRSS
EH o bR EOEENRH N, FRALERERENG
12, KEOHE, {HEHT v TRTHRE 7 VY —
EHBEE <) & AN, AREwIRARIR
SBRALREIICTFLIHENRELEL LB O,
Bk No. 1 310 No. 3 [zovTiX, TEx
B 15k D 7407 — & ANBIEEREELTH
b7 3o ¥ i

SEOREIZIX Fig. 13 0X54% RCO2[H7 4
g —(fo~r15ke) EHENH T > 7 OBMEUzMA A
. ZORIBTRANNBEFRIZ A 2 2 #4058
RiH) 10 psec THBOT, EHEF © BEIMHHEL

(345) 2%



. 5140 5140

—>=AANNV

—

“TtoopF
777777
Fig. 13

100 psec H b BIWAICI4 & < EABEIL T
BEBRTIV,

Rizfh Sh e osHioRBER B +hif, T
HEizkaty 27 o PEEOREL 1% BETHD,
RN S RER 7 v 7 WIEOTEE source 12 X
3L vy uRa—FRMOBERORSR 10% LN
LERXABIRBEDT, Ty7Rvvvruia—7oih
EOEMEERIZARTLEAIZBEL T 109% 25
OEECHMEEATVILDOLBbh 5, BMEOR
X 2~3% DTLHEXTEV, BREON I Kiz-
VTILBERE VTS v 7 v 2 a—7 R8I

100PF
7777

FH LTV SO THRY OREER LV, 1 23R
22T, #1%RPY 109% BEOKELEDL
had, §i2, SI3xOHETFV L AFLDRH S b
DR E T 0fEH HEEMMOFR Y FEE X bS5 20%
BELEORENEL Gh S,

¥, Y7o 7ORMFFEICLMEENLD, R
HR77voRarry— FEREELTEVL R
BREIC L D75 CORYOIOIERERER/ A
INRAY, EABELENT30icEEEE LR, L
RO T7F O RRMIca 2 Y — PRICENEE
FTHZLNPETH B,

Lo aicEEThuE, X br o y—-URIRENH
BREOREIC+MHEMLES LD LBRX IS,
X ®m

1) T xtsk, 26, No.6, p.330 (1965)

2|k, p.352

DMk, p.332

4) A. J. Hoffman & S. N. Mills: U. S. Army
Ballistics Research Lab. Rept. No.988 (1956)

Measurements of Blast Wave Pressure in Closed Constructions

by K. Okazaki, T. Yanagizawa, H. Sudo,
S. Okubo, K. Tanaka and T. lijima

In this paper, the results of experiments which were carri ed out on June
8~10 (preliminary experiment) and July 13~16, 1964 in the testing area of Sakanoichi
Works, Asahi Chemical Industry Co., Ltd., Oita-ken, Japan are reported.

The object of experiments is to obtaine the necessary data for designing the

explosion proof construction.

Configuration and dimension of four test constructions used in the experiments
are given in Fig. 1 and Table 1. Each of them has a small entrance which can be
closed with iron plate. The entrance was left opened or sometimes closed during the

experiments.

A spherical charge of Ammonia gelatine (Shinkiri dynamite) was initiated in the
center of a test construction, and measured the blast wave pressure with blastmeters,

piezoelectric elements and straing gauges.

The results obtained are summarized in Table 3~7 and Fig. 3~12.

In' most of these Figures, peak pressures determined at various points inside
theose constructions are plotted as a function of scaled distance R/W*, where R is the
distance between explosion center and measuring point and W is the weight of charge,
and compared with Reference curve. Impulses of blast waves were also calcurated and
in some Figures they are plotted instead of peak pressure in a similar way as the

above-mentioned.
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