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Fig. 1 Principle of ball test

M: mass of ball
S : flying distance

v,: initial velocity of ball
h : height of bal!
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HKick>Tskwoh s,

Vo=V GI2RS oo, (2)
g : WHOmE:

K (1), (2) & YRABRLT 5.
I=MoSAV GIZh cereeeeeaeeerreeenn. (3)

%, —BIRAMOREEHL, ROBEh v —E

ETh, (TBROPHE v, RUHHHE { i1fh L RTHE
BESIZIMT B0 U TR 5 T L ASHk, T
VL2 1 SIT < BT ORZEE B RUROER O 3
A ¥ =2z Lo THERS.

B=ilA oo (4)
A BEOWER

E= o Mug coeiiiiiiirieiiiinanns (5)

HLEBIZIE—EOM, hOgEIz2nT, S
5 v i, E ORE Y7 7120 TEITIE, ROB
SMEHNELLCRD, SHLELIZ = KIZEL
KB EHHNSD,

32 W ® ¥ &

FEROWEERIEH | 0 TH DA, ZOHER
TRPEN S ROPLETOH S h=Ccm TH5,
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Photo, 1 Apparatus for ball test
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SEREF T oI XoTHIX 2 S0 TEERL
WHORERT 5. IROBREL TIX, ROBWIZ X
S ANX—{AREL DL DLFT I DIZIX, FFR
DESUBALONR L, ARREMAT 5 Ll
Hisk TRIBBAONNL L 5. ROBRIIKLBES

RATEERERKR VIS RO THRBERKEL 2
9, MAHNEBE S LN RGBT T ®.Lo HEF
(ETHA) 2 BTOxHEL 250 T, S0g BHEN
LAY TH 5. H2THRFEILER ORENZIXA SCg
OFREPEM TS LiIZL TV 3,

Riz BEOREEFM HIROFEE A=50cm, ROB
it M=50g OBEORITEES L v i, E L OB
RESTFIILFTERI2OMTH B, Thizk ),
P21 S=250cm DB EIZIXHBRKANZEST, 1o=
7.3[m.sec]), i=3.9x 10[g+cm/sec]), E=1.56(joule]
LEbizR»BS,
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I Kingti LIS
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-
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Fig. 2 (S—i relation in ball test
S-E

... fheight of ball  hr--50cm
“'"h{maw of ball  \/=30g
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IRMEAMNT SIEBRA L L Tit, D ROBTERE
iz X SIERER L L ToER GRoBENSEL R
HrBTOMBBHEN ORIz EEshaln
Y, RAELTHEDH O IZOBBFOERMNEAI ML
EE|FERIND). O RARFICRT SEXKE
HENELLRS, RALELTFOERIESHe D
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Photo, 2 Deformation of metal ball

HRORITHEEEITA Smisec THY, OBEOMET
BRZESIERIBA Y ERTS I LAERMRSOT, I
TCREBOKXEVEREMEAFTI LN LMY In
2ot 5.

IRRBIZ X2 THRE SN AMBFHRKLEL DS
Eh, TRAF=LERLHLAENIOVT, RO
EEZTHRTSI LTS5,

(a) RoOBEIZ Lo TH@EMIZEN 2 D

F 20m<l AR FFBBREO TR Ly
B, TARHATHERIEEFBRIC I IBAERETL
Ve REOTHER L SBR & THRIRNGEM T A X
—EDliRRE MY HinkmOTH (LBNDS,

RE L LTI BAHE ¢ 5 BBUKET L S
L, ¥Rid 52g OEBRIRU 3¢g, 133 OFRREMEAIL

o REBRERXE LISRL ML TH Y, IROFE A=
mmakbtomﬁ%%axlhﬁfc

Bt, FLIZXoTHERLIRERTLHERTLHL
HLisdZ Lhbhot. SMERRMFOMBIZLDE
FHRINT LA My o ISR = NS S
AEHO A AF —REOHH ST LV &
VLU SROMBRIM 3625 a3 EUAANES 5
nd,

(b) IROMEIEIZ X> TMEMIZEA 22 M

FILHEOREMWAIL SHROTMRERM B2 E

Ty, HEHRERKLGEMT T4 & — EAN il or
?tam,fommmmﬁm%&ﬁwﬂﬁohmbb
3235, Rofikniti s ISz EEos
10k Vbhddba,:nﬁ?AnToxéino

Table 1 Effect of material of ball in ball test

ball

flying dlsmnce initial impulse kinetic energy
material  weight of ball (8) velocity (7)) (i=Mvg) (F -1 Meg®)
cm | cm,sec £recin sec erg
steel { 36g 275 (mean value). 3.10% 104 1.23% 107
s 183g 22 | 3.45% 014 0,43 % 107
lead  s0g ' 200 3.27x 104 1.020% 107
Note: ry, ¢ and E are calculated from S.
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Table 2 Effect of weight of ball in b'nll test

weight of fiying Jisegee | inivial velocity (ve) | impulse (i=DMop) |  'hetic energy
g cm cmy/sec grecmyjsec erg
36 275 (mean value) 850 3.10x 104 1.33x 107
133 72 280 3.45x 10¢ 0.46%x 107
205 53 170 3.49% 104 0,30x 107
271 35 110 2,98 10¢ 0.,16x 107

Note: v,, i and E are calculated from S,

Table 3 Impulsive force at the bottom end of detonator by ball test

flying distance initial velocity impulse brisance
of ball (S) (vo) L (i=Mr) (B=Mu,/A)
No. 3 121 " O iot B 108
f“1““i"“:fmmwr{No, 6 146 450 2,3% 104 0.76 % 108
No. 8 183 570 2.8% 104 0.93% 108
No, 3 155 480 2.4+104 0.79 % 10°
f“'mi“"zfé“g;‘m{“‘ No. 6 172 540 2.7% 108 * 0.89% 10°
No, 8 195 610 3.1% 10¢ 1.01x 103
e K§:
GUEREHT I AALIRRO 6 SR RAEEE & WA i
L, BELTRIRR 36, 13%, 2058, 271g, AWM S ///X/’/
RAOFRREMAL ko RIFBE (2) OHA L £?
BThHD, REWERER 21T, kY
21z SEEBREROMBICBIRE  12IE—E Te

THAHN, AM=FAE—1T (a) OFA LERIZIR
DMBEHRREL B2 TVRE (D, HILRER
12 & DEiRE RS B 2 LI EERL SN,
Bz R ¥ — EREIER LV EV ) T E RS,
3.4 RERRERFRUERBEFOHZHOAE
BERFE L TIREEEARIC L5 3, 6, S EWHKH
WRERCBF IS k37 MY —VBERBF S
KLU TROMLAME 50g, B3 it S0cm Ch Do
TERR AR 3 12T DL ENSS L kicgih
GEMI) B RELAY, XFAUERE S FRIEN
MELVLT MY —NBREFONI RN THS S
HEREFI X SRBER L AR TH D,
3.5 SREFICLIFRNEBRRBICL TR
HhEDHBE
BEREHFMOTHRIIERIEFIC Lo TLRR®I
EoTLRDUHDH, 2LRICREBEFZHAL TH
B IMORS LEAPMOFEI LEHEL T2 FL
RLONEITH B,

Yol. 21, No. §, 1880

T 2 3 % & 6 7
T Impaliebtby Stecs-perdel ost (17 i)
Fig. 3 Correlation between *Stoss-pendel
test and ball test

1%, SRR ORI OEx R AR B TSR
IR TR TH ARG~ F =t FHHET—HL T
V5, HIHLEBEOHHIEA cgs HLT 100 OF— ¥
—THY, BENI10° DF—F—Thd I LML
RBbind. RRROFIESHRIRTFOB/S L VS
voolt, SRR SEHSAROSNIET IV S
b, RUSRRRmG SR RDL U IRTISEm I E
23 D0T, ROBEITIEEOMENRS DL
Hbivs.

XE3lcEDHE, FRETZEE Ay, EIRRERIC
k5 My, LRRRESEABELZTRL, HHE OB
RROTHREFRAIORBEOTRIEL LT, &
FENEHEOHVLOTHE S LB bhd,

W &GfhEs BBESE OB
G TFRIRRRTHEL B LOEHR TS
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LH%, TOMERERERT S Fadiz { AR G A
MBS m0icd, HIRERIE BRI S S
ENRFHEL

KEHAOEBHT HORERIATETH HA, HIFK
GV IR L R S S BB S HE T S LS
ML, ZAZRIZX>TROIUHL, = Y7058
RU o o THITTINGZE O & S50 X v ik
FASoBES I AHES,

—J5, B Mv 2h# FLicgLvoT, 9F
OBBORE, HR%EZ M Bbohils, e
FEIZXSTHEE N M oflin s FAGHEH:,
IR VEHTHNHEHKD.

FEOTERBINTR, P L2045 L >THSF
OIGEEATHEL, REN—ET 55 Y 51205k
THIEETD,

4.1 HELEERE LY IBEEHOHT

(a) BEEROBE L&

BENOEREOMI BT 5 LRHIES Ty,
XA 120K A) 8Bk Eyring Ko Curved
front theory %MAIL, [ERMEIO M@0 4,5C0m/
sec, IREET bV —n GEIREE J=1.2) Tk
5,27Cm/sec ThHH EHEL 720 XTFP R L IER
FTHLERFORL VERT 30T, HROWEIL
TLHFRPR E CFER TS, SR
T TERL TLETESRSoRmEm 15 g T
THOTEEL 4,50m'sec THOHEL = (BEL =il
SRR LEFRMTE > THMN T2

AT AR OTERIEHFBILRD L THFNE
FRORBREEOMHLBHAL, SWHOEWAME, B
BRIV TRE~OBEOEBRIE RO S 202
e OFERZEO DDNP RUF Y — Ao+ s
AFIZEVERL 2. =ORREFENOF LY =2
(J==1.55) @I 6,200m'sec THoM. XHF A
TCEL PR SRR J=0.8 LLiz iz ks
VCOTRELT 4,5C0msec €H O, HIT AFNOT
b U — IOV Tk Shepherd IR 4,660my/sec
(4=1.1) 2 HHML D5,

FEAREO BEENHEAD 2dIZ &L @Y v
1%, SEEAOREROBETH 51, WK+
EREREZSTHEEY A 712 L DRI
ARTFRIZ X SWERZBERONE - SIMMIc e ok
~NEHTEZNATEERALELOTHEA, o
REBREE J=105 Lig2Tv5, E2THRD
LREFORRER (ERE/NL 1ICCkg &) 2RMT
SLERDH DI, LK ORMANRIZ XD L EM
TF; 1cokgi Xk 2Tt I=1.4 TH Y, B{EERIC
[E553CKR 0AES X ) FIEMASE T /M50
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{EF5 & LTRBOBREER 4=1.2 LEXIO
MR EEDPND. O TRTROLN (4=1.05) &
41,2 OBAIZREG 5L 6,300m/sec A3 4,6C0m/
sec LB,

XEHED i 2o Fod—dic kY HERER
(F LY —n) OFEBMELTRIL, £ 5€6Cmsec D
fliE H T3, FEBAETIIRABEIPEVT
R RT R oBEiE 5,000m/see BEETHD L
Bbh3.

BsEix 0@EEECTS L BFEBTF Y-
O DessCCOm/sec, SEMUEHE Jeel2 LB 50
RRYGELEDRS,

(b) BEEAHOHE

HEFRSED 12 X SBEEHDH AT

P=0.000424D?4 (2—5434d
+0.1934%) [egs Hifir]

THOHN, EBRRFAROBRIZESE ST LEHA
LR ERTHEME ZHhIZL2TRDB L D=
5,000m/sec, 4==1.2 DPAIZIX, MYEH P=80,000
kgiem? L7253,

4.2 FHERLYIBRENDIHE

(o) & ® K
EAMBOBEOTEIE My 13, BEROI R
TRERETIZH 23 LETOHSEN D > TR
MhESHBDT, I ZTIREHIROBHE S L THR
Bl ERAT AL LT 5.
HRRFITED 7+ U —n ERERETO Silhik
i3, 1@ 4Tl 6 SHFESROEHE
2 5.7x1C [gecm/sec] TH D,

(b) # =B B M

BEOEBBIZ X VIEFIEHRE LA T SREMON
EIXHEBETH 50 LR BV, 1 BON
B3z kg, 22<BEILE i osec {RICIT MBI
KEDHREBETEEL TS L BbR S, X—F
B BN BN b 2 THHY 4,000m)sec
B LiEEINZDT, 6 FBFOEN 2em 2z
F OB S < 1%

t=2[em]/4,000 [m/sec]
=5x10"¢[sec]=5¢ sec

LY, v2V—v o EH GBILEOER3) 1225
ML i3,
ALELERRTFIIERE 52 50REFEROF
WTHEMD, BIREFTEEN © 3T L EBT- OB
P2 23R o RV ThHD I TLTHS {HReEH
LIBERERM T XV LEINESVEBDbA S, 1E

IRARBLIE



2Tt 2 DG EETRIE
GBS ¢=1/2=2.5p sec

b A

FEEBO BFO Bhi, FEO BBER OHR TR
CBRHAOMR X SHEERIZLEES IS LE
A25Nh 3%, FRETFCHRRBTROB S Hp 0y
OFEERERMLIEIBITLDE, BENMEBLTS
HIRTRRNE) 21D 5 X TOROEIIELLN
F, REFPHREHEED TrOMEESRIZ L LR
dER, O THRFORIBEORBLRNAT
o LEATEHREME LROmMHEEET S L LT
De

(c) BEEHOHE

FHERIAFCELVDOT Me=Ft, F=Muvit ©
5. Fixigh, ¢t RERFAHTHE. TR
(a) T, (b) WHTRDI Mv RUt D% ATH
¥

F=2.28x10" [g-cm/sec*]

S AT OHEE TR IR T [ /- 210
Eh P A B

P'=228 x10" [g-cm/sec®l/
980 [em/sec*1=23,300 [kg]

SHITEEEROREH 0.202[ecm®) iz X SE/TH
235 BTEEE ) OB WBRESI

P=23,300 [kg1/0.302 [em*]
=77.000 [kg/cm®]

LD,

4.3 MELYHHLABESGHREYHEL

1-iBEE DHEE

LRHESERI NG, BRI VHRL 28EN
€C,CC0[kg/em*] ThH Y, HilihE X v SHEL 22 BT
#177,CC0Ckg/em?] THHT KE—LL T35, Bl
T2 X SN ETRERN ¢ 2EBREM] - DR LR
EL = LicEMoRHIZH B, EhizL TLR
sk BN BT 5 Z kT, BiIRTFICkoT
TE SN B0 Mo ORBSMSHIE Y L T Kk
LTEVIEERLIVEEEDRS,

XIOFRIE 2T, GRRTORRBz LT
BONDIEEE, & J.F. Roth K ABHEL L
ORSHER LOENRTREN, BEEHRHION
ERTH SEEROMEMEESERIC o b EX
De

¥ BHEOTHBOKIC L SIDEIBIBIRE
BRI BF i 2 TET AERE OV
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i ~#9 5,CCm sec, EHH~F) 2,C0m sec ThHh
9o, —J;i SPHF iz 3 5 g o B 5 157 3 1R 101
Composition B 125V Ti3#9 3,000m/sec L& h
TV S0OTY, HEOGHRIBILLERL B50H
PORRLHEEICH D LBbI B, 2 THERUCRT
{2 SPHF {2 FAL SEROHRAOHZ LTI
FBBARBUDESIH Y S M RTHENE TS T
Do

51 B OKFZE

B4 (24652390 L 7o SPHF ol ead. &
FRYUZBLE smm R «Cmm OFELRE, 2oL
1433 (EfR 32mm) #J3Cg 2 H{H 5, Gap L LT
& cizmm o EHr TR L0 X AAL, =

o ﬁL “P.L. ey ..
@ Base divection (B Side divection
Fig. 4 Initiation test by SPHF method

S: sand, D: detonator, E: explosives
PI: pile of copper disk (thickness 0,38mm)
PL: steel plate (thickness 4,0mm)

hERREO Rz, Tizzo LICETEREGINC
LR, 2LTEFICI 5308, RADRERES
2B+ Sz Bhicln 5. GFEHUE
BBIRBENOEEORLABHOPL L —ET
X912+ 5. EROFEEIEFOBRBIZESTAN
BigLAavEEL RT3 88 R3S 5. HUSIRIZIL
RIGET 5 LEEUS O R, BLRTOBENCR
FERAGEEL Thi1DThH S, XEPFRELFR
b3 LERT M BEFRAORRFOIENNKNEL R
Y, X—FEGFE~OEREMILLAHERITOLVE
AR ECHINNREDH LI H0OT, SPHF REUIIELE
HREMAL R RENTLH D, O THTRFL
L THEEF R AL 720

52 F i B B

(a) #BC X AEHEHMIHR

HFiz X 5 SPHF REMT Gap L L THEBE A
T50T, BEONFERENMETSHICYEET S
TLEEBRLLTMIALR, RO 12X
NIBRERLHRENMEESh SR DBEENOE
FEHFEIBIFHE T 10mm 12 &8 2024 TH D,
Z o SPHF & T 0RO i FBd: s~15 iy,
EZzL T 1.9~57mm Th 5, fivERLing
5 EEUAMNT 5 = v EUTHERT 50 THEMR
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Ble of copper disk
] : o
P P
@direst impact GYindict (through copper
disk) fmpact

Fig. 5 Test to determine the decrease of
impulse by copper disk

P: pendulum  D: detonator

Table 4 The decrease of impulse by
copper disk (thickness 0.38mm)

sheets of

copper disk swing of pendulum (mean)

42,0° 33.0° 26.8° (£=37.8°)

© 345 325 370 (£==34.7°)
8 335 320 3.0 (r=32.8°)
11 340 320 30.0 (&£=32.0°)

SRRV LAR RS LiEEEND,
ZORERAERETSHEL L ERIETF R
+3. B, B5 omiRT LERF L OMIZBiRY R
%, BREEYEL TRFOBAOHYEETLT,
SR X AU EH®RS . BEREIE L
TF b Y—NBEPEREL AL &R 2Rs om
S ThHDH. ML, HRAHOMITLE s HrTsyion
TH Y, SERIO~STHCHBIEE LiEESh S,
#£->T SPHF RENCRBIIZER SIS LR
TR B SERAL D LIC~ZCuBFTEL 2L 0T
HHEZLEEELCEMIIELA

(b) FBWIZX3BHOBTRSR

éﬁfﬁﬂn Shock Pass Heat Filter X L ToO#rdy% 5

BILREROBBZLSTILORIEL 2 L,0T

;:mw; bz,

EOTHE 6 DML WD TIsHLEER T, BFD
@%uxofm&ﬁ&ifﬂﬁb<sz%ﬁﬁMR
BHMiz oW THRIEL 72 BEREHX JIS 1tk 53
Ty 6%, 8EHOTF MYV—ARERETT, HERF{LD
LOTH Do

AR RITR S DML TH D ZHIZX VSPHFR

Tk 6 BT OBAICITEF MR ORI, M

(b) Side d.rect.cr

@ tm d.r!d L

Fig. 6 Perforation test of pile of
copper disk by detonator
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Table 5 Perforation test of pile of
copper disk (refer Fig. 6)

sheets of - base direction dirsei::lt? on
copper
disk ! No. 3 No. 6 No. 8 | NO. 6
‘detonator| det. det. ' det.
5 00 ; ‘ | oo
6 xO | Q0 | O i Ox
7 'oxx X X ] xO | xx
g | xx |

Note O: perforate %X : not perforate

Wb L b 7R EMHRAIL 22X SPHF LT
DIERELAVZ LXb) S,

5.3 SPHF R (CL3FHBROBHRER

THRBROBRE, BEPOEREORESABFINCE
TOMREZ L 3BRORTHEENHAL x0T, F
4 OFHIC X VERRBRBRE{T o, FRRKeD
WL ThD,

W5 LR6 LEHBL THROZ 285025,

D FB|FEHAIZ-OVTIE, BRELRBOEOR
REBLFRTA+~4 F ORBOET LA~
L, By A HDWHBOGERFRIA =4
&Y LBED 1~2 Bfird { o THY TER
MNED. TLTEDBITHEILNAE LRI
BEFEN SV FIZREBIIES TRV Zh
EAS B I -0V T BIRIC ‘Lrb%r)\fm‘
Ry, BETHEETESROEROAIZLD
BTHBLRIRL v D L 2B S, ALE
LEEs i T ki k> THIE AT
D Ly PRRBROSRLES UL, FHR
5477{50%Aumw§0@mh%”uﬁa
DHATHBTHZENpd LNl LitER
no.

@ BIHHRIC oY TIFROE . L 18R 128
TTRMU, ZIIBSATRS OIFELEEL T
EBATVHOT, BEHRHDZIIZ-TER
L33 LB2605, ALY L HDRIRT
T 7BAT TR 2o TV D DT,
BRADHATIRRBLECEE LS.

% SPHF REQOERBEL 2222 ki, 5
oM = b v 7Y+ ) 2ELREED S IER
ﬁli! W H mmﬂjlﬁlimﬁmfﬁﬁﬁﬂhilk’)’f
BIBHIE S A, YA RRIRD & 5 RRRARRE, %
BIIOIIZ L qfﬁ@%&%tvazoztiﬁl
D 1.4 TR B L DHEED EL I 2SR
LU, XETHymBERR X Y LERA3E
GRRFORBE X*%—ﬁfo

IRKEBAE



Table 6 Recesult of SPHF test (reference Fig. 4)

«Qhinlir: How “Shoan dynamite” ‘ “Shoan bakuyaku”
Shinkiri dynamite” Permitted Permitted nmmomyum
Sheets of (ammonia gelatine dynamite) semi-gelatine) nitrate explosives)
copper disk b. d. ‘ s. d. ' b. d. ' s.d. | b. d. s. d,
No. 3 | No. 6 No.afNo.atNo.ei No.6 | No.3! No.6| No.8. No.s
2 ; F ! ? ' 00
3 . 00 i \ Iox X
4 o { xO : OO0 | OO | =xx
5 ole 1 00 00 | xx . xO | OO
6 XOO QO , O xQO X X i Poxx X x
7 : : x QO :8 (@] X % x \ i
‘; X X | ! :
° S | ]
12 I (e]e) | “
13 | x X l '

Note O: explosives are detonated
b. d: base direction

B #

(1) HRRFL Y LWMBUSBREGR) @
&) 2RO S5FEL U TRREEIRL 2. RRBAUC
X o TRIE 3 R iR OMHDITRIRT-OHE X
D L/E LB, BRI U TN EHRERD S

T, RRBRBRILETHRELMM I I Ln
O, BEOBROBRARBELLTHALES.

(2) BWREEOHELEBAL VELEZRFD
BEFhEPFHET S LBHESR, ZhickoTR
HEBEL, TRIETIC I >THEL ~HHhikh bR
WIBEL X, bR 80,000 [kg/em?]) & 227,
THIT X oTHRHET X YV PR S i liBhiko sy
BOEABREL 2D, TOREHMOBEBHELHOM LA
27

(3) BEORBHELERLML THRRLT
B RBSr5RE (B SPHF KB 2AREL
TEROWRAOHKIL LH>TTRBREEML G I

% : explosives are not detonated
s. d.: side direction

ThERBL 12 TOREFHI A~ FRETO
R TR S L AHESH, BRFMF<A bR
FDHRO L ) HRBEIBTOHRHNDOATITE
BV Z ERMEAL .
X i3
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Studies on the Initiation of Explosives by the Detonator

(Part II The initiation by the impulsive effect of a detonator (2))

By Kazuo Ida

1. As a simple method for determining the
impulse of a detonator, the present author

proposed, the “ball-test” which measures

Vol. 21, No. §, 1580

the flied distance of a metal ball thrown
by the shock from a detonator.
The absolute value of the impulse of a
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detonator determined by the *“Dball-test ”
was found to be smaller than that obtained
by the “Stoss Pendel”, but the “ball-test”
gives a series of reliable relative values.

Furthermore the “ball-test” is very
simple in operation and not expensive,
because a lead ball can be re-cast, so the
“ball-test” seems to be useful as a routine
test of the strength of a detonator.

1S

The detonation pressure of a detonator is
calculated approximately from the loading
density and the detonation velocity of a
base charge while it is also calculated from
the impulse measured by the *Stoss-Pen-
del”. The values obtained by these differ-
ent methods proved to be almost identical,
and they are about 80,000kg/cm®.

The result indicates the physical mean-
ing of the impulse of a detonator and the
reliability of absolute values obtained by
the “Stoss-Pendel ”.

3. By the SPHF (Shock Pass Heat Filter)
methad,
whether or not an industrial explosive

the present author examined

could be initiated by a purely impulsive
force of a detonator.

“Shinkiri-dynamite ” (Ammonia gelatine
dynamite) could be initiated by the shock
in the side direction of a No. 6 detonator,
while “ Shéan-dynamite” (Permitted semi-
gelatine) and “Shoan-bakuyaku” (Permit-
ted ammonium nitrate explosives) failed
by the shock from a detonator both in the
directions of side and axis.
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