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TRBZ SECEy TR LEBEEL S, LN
5T, SRBERBRETIECHT SMENOEROBIEMN
HETSBENERICESEL L5 L) LIEBRKT
RIES BN 6 OWREE £3211 5 - H1BE DB LA
REHLBZHICTELALS LREMBOER & 2
B3 LRTNERENS, COERBRRICEIT SRS
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NEMAETOHRIZLTRF » L 2B (SUS-304)
EEALTVS,

T OREBFBIMEEA (100, 50, 50mm) W oFgE
L8m, & W 1lmosPRBICFBEBLESOT
B ERA FEHIZTEAEL, TOREERL VER
Likx7—2Y v ¥— (7kg/ent, 300mm, 2z bw—
7) CREBOBROLMEREL, 77—y L ¥—D
fEmhic X » THM+ 5, ZEB~OMEMERNT 2%
ATICRAERSmm OEF LEB L, Ho <X 0RE
EREDLTEBCARL, FBMAMLRELERR
KBROITH5MM A 7T, EBAVRELEETS.

ZORBEBRRARRNOANHE, FBRAIEALL:
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EEETEBNENT 2OBAERHCAD, Zhonig
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3. MEMERR

3.1 #5NAER

RILASKRE (Al F)

REASABIE (ALR) 100gEs

BREH SAkBE (MMAN %) 400giE &

x7zAya RIS AKRIE 400gRES

IBHABY I A+

Eq. S IME (9310

BLoA MRz 2 T RAL 100g, FIE0mm CRAAEN
WETHALL. o8, REnOEHRTERRIREK
txzny o LIBRREERS A 7THY, thoSkIB
TixFEvzFL L ANV -t 5L 7 THD, K
REAENIRRBIL 15CTh 3,
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+«+Ion=gap connecter.
. -.Pressure transducer.

]

...Leading wire connector.

D...Trigger connector.

" E...Safety valve.

unit ; mm

PFig.1 Test vessel

3.2 ®EHE

Bk Fig LR TMERT > REREBMICH
BUBIKE (100g) NEFHABEABEBMIC L THA
L, BENR BEHIERCLY F-EEREE S
DETIREAR L 2B I BB EPALTT 1 Hn b &M
HiHFTERL, Fo_EVERY R LBERE (&
E, EER 2 AR 0L TERPICEALNMET 5.
BN OMEN B RA 72 8 s NUE
AT (BE THE, I H gL ~500ke/cm?, B
RONEK 100KHz) &#HMBEALTF S o aHn b £
— TR L, EOMAMM LR L TRO.
MERMRERACT ZELFECEAICE L2
S5aME L, MERENE £ CERRB6 STLBT °R
BLI. ZOMERECHT SRS EOREEL LT
R OR BN OBREEIRIE & 2HAIL 72,

BN A R ERAL, (A Biticx
+AAER ($0.3mm) EMHL, WEMRLE50m
mELTAN2BERLBHLTCTF S 744w ra—
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Fig.2 Circuit diagram of pulse generator
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Sampling velocity ; 100ns/point

Fig.83 Example of detonation velocity
measurement

o

w

Detonation velocity (Km/sec)
T
r
’.f

|

1 i . A I 2 ]
O 5 10 15 20 25 30

Gauge pressure (Kakm?) .

Sturry Explosive ( Al;non permissible )
Slurry Explosive ( Al:;permissible )
Slurry Explosive { MMAN;permissible )
Enulsion type Explosive ( permissible )
Peraissible Dynanite.

EQ.S Explosive (powder type )

Fig.4 Relatino between detonation velocity
and gauge pressure.

A
B
c
D
E
F

“ we we we we we

7 (2ch, 8bit, dkword) ZiEgEL, V7Y L r#
HE 100ns/point, A v o ¥, 1IOVEHBILA, 435,
1 A REHESTFIE R 7T Y ERV TV 5 01
B4+ 2AMERF +—T7—REL, RF9—FRU
R by 7RO A+ ANETIC LIEED 0
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A5E4:08 (Fig.2) &ML, cn snaBERc L
34 o ra— M ENOHEKIE2 ¥ — MEFHTRLE
D, A+ 7EGTTHERREmMMLE D, = NIERE
HOMIRE 42w L Bzl K LT & DB &
S LT 23R 2, T OB OKERE 85I
L 723t ER & Fig. 3 1574,
RERFBAOBBERERE I 2B OH OB
Bfd e 22 VN RIE BRIz L 0 M ER & L
TFIInFrara—FIERL, 7)Y rd

B lps, ANHve UL AV TRHBIL, BEORAC—

7HIETBESL L. UL, Fig 1 16 LB 620/
LHCENERE LABAME OICREBENRH S 1

| HEREOCRII T2V, o83, BlRIE L SRE

RENILDDF LI A ara—7n¢ 7Yy
HENFE L P ciitica v anE—Rflo4 s

exa—TE2&MML, ARSELABLY T—&

L THRIBROMTINAMSR L 0 26mm OKIzS +
EetEt v b LAREIEEND L 2 BEREFL T
24DF L v 23— 7ONBEMMETICER L TR
LHRE & RS L2,

3.3 mEBER

BRSNS ¥ — SETICE DMl & Fig. 4 12
Rt ZOBHHNTE TRAOAEIRM CoMERHMS
K11 3 PRENMEE SOmm ORHBWHTH S,

Al ERBRI L+ 5 2 BHOMA L L CREAS
KIBI i ¥ — SIE 2kg/ent IE £ CiIZIFERBA &
B0, BHHE L kg/end IMET CHMIZET L 4kg
fe ETCizAL v 2 a— 7 LEOERBIZR5—
MESICLBX LA eRBL, £/-, RRERSE
B ERE ¢, T8kg/ent, 80kg/cnt &7 LIBEBFOER
ERIEH (130kg/cnt, 140kg/cat) LHEELTEMRL
THSiceh, ChoMORATINL TRBLEFELLE,
Skg/cl MET CREHBEREA+ v 2 2— 7HfH
Enz22—FICLRA BV LAGHT, REREH
OfFtE (0. 1mmE) (BEREhLvnRBLAEL
.

MMAN £88# &+ 5 8KBR2 3kg/enl MET
2 TRPPERBHIEVIlERT2, EH ORI
LANRERET L, 7Tkg/cd MET CHB (FH
AERESkg/cnl , RERERE 172kg/cnd) L 20,
8kg/cd METCRBE L 12 —F, =23 LB
SR L 15kg/cod METF £ T A ¥ R4 RN
LB evligr+tai 20kg/ent MET CETF 2B
&, 25kg/ent ¢RI (BRATREZkg/cd, HE
BETRRE, 162kg/enl) L1725, /-, 20kg/cnd ME
TCOMERME 03I LBz ERE ey, 30
kg/cal INEE T TMELRM305DPE b Fig. 5 nZJH
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Explosives

Experimental
conditions

Emulsion type explostive

-~ | Sturry exp. (MMAN) ' ’

Ambient gas pressure
(gauge pressure)
Retention time under
constant high press-

ure

Elapsed time between
pressure release and
initiation

30 min.

0 win.

Reference

30 Kefem®

30 l(glt:m2 30 Kg/cmz
30 min. 30 min.
$ nin,

5 min,

{sampling velocity; I;ulpoint. vertical;+ 4v  full scale
Peak pressure 32 Kg/cm2 110 Kg/cm2 160 Kg/cm2
Judgement partial explosion explosfon explosion
Fig.5 Examples of observed pressure profile
Table 1 The results of restoration tests
Experimental Ambient gas pressure (gauge pressure) - :
conditions Normal
30kg/cm? " 20kg/cm? R
detonation
(Retention time under constant high pressure : 30 min.) _velocity
Elapsed time between pressure release and initiation (min.) (m/sec)
Explosives 5 I 30 | 90 l 150 ll 30 I 90
(Detonation velocity (m/sec)]
A 4,420 4,000 3,870 3,920 — — 3, 960
B 4,000 3,870 —_ 3,820 — - 3,500
C 2, 960 2,880 2,990 3,270 — - 3,570
D 2,780 2,960 -— 2,380 3,620 3,880 3,800

A ; Slurry explosive (Al; non permissible)
B ; Slurry explosive (Al; permissible)

C ; Slurry explosive (MMAN ; permissible)
D ; Emulsion type explosive (permissible)

IR & S I BRBARL C LABd 6 R,
ZhonGKIBIE L R 2 iR e L

A, AlIRRUMMAN ZEABRICH>VTIRENER

HeMnTHBH, 2viia L BHSKBEITME DR

Nz nEhMEHIOkg/cof KU 15kg/cnt TREDIE -

Ta#R+OIcrt L, 20kg/cnd IET £ Ciai@m 2o 1R
DETEREHOLT, ERDRELVNENEBES
GEVWILERLTWS, L L, ThAULENENT
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2 OBRERIC AW G BRIIR AR BB N S &
O A BHNEABIROL T, SERIRIRTL THPHRE
& EER IR 100g, JR{% 30mm CIE AR DRIE T
RBLien, RRERBFOIKRII20CTCITo- 1,

41 RRH*E

mmﬂﬁEmmﬁﬁ&HﬁkaleTME@-
S RBREBPICORBELWEH L, BTHRRUS +
CESHER VBT ICER S %, BRI LERY
ZREFZALTNETS, -

IORBUCHBEWTRURIBENETICHLTY—
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i 2 &M LRI S Y LR OBEIRN &.5, 30, 90,

1504y L L, ThEhOKREEMici o 5183 L BN
FHREERELE., £/ =243 3 L RSKBIRIC
2T i 20kg/ont TE, MERFHI0S, MEHROHE
HIEREF 30, 90530 ¢, & Tk CERERIE &£1T
Ie ot T OWEE CERERE TR E ME R
NP LEIRTH S,

4.2 WRBMER

Table 1 IcZSRIBEDPTh Fh NRERBLEICIS T
SBMAMBRER &RL, RPEHICHREORE IR
fliefrmR L 2. - DERBHINIFRE T L RIS
LT 100g, FKE 30mm MIK4L & unconfine TRIE TR
ERBBICER L, KR 20C THENM L TA+ &

SHEIZ X D ARROMAME S E LA L FETHTL

ELOTHS.

Z DREHBEN & ES 30kg/cnd, TUESHT 305 ¢
B L B0 ERTIEENIC 11 5 &R oRBHEE
RR e 5 L, WEKRSMS 5Tk AR S A
B 2 MBI L LERBENM L 0 BV IETRTH,
O MMAN ZRUxT 213 3 U RSKERIIE iz
KL, iz w Ay s SBRRIERIBHEM L 0@
EVIETRL TS, RiCZOEERBREMOSHIC
LHMANEL &R D L, Al REMAE K EIK 13174
FEIRREFM3053 LA E T OIRBHI id E A R & et L
THEPOBRHEN, TOENCATIRABEEE
FThIEERBICE>THBLATELINARNL
Ehnéo %7z, Al FRUCMMAN RS SABIRE

TR REFAN 150 £ 3307 S ARMIIXR 12 T2 H R
muwur%m&am %m@&mearﬁ%n&@
L LlRTAHRABHHoRE, LL, T
¢ 5 LRRIHRR I OBBIC & SWEOEL 54
Wi L TRE OB 5t A, 20kg/cnt N,

TERSM3053 BT EREN T (23 EE WK RBEIN00S 2%t

BEiiciES &, ToTENBH R,
ZoxTAY e L HSKIBE L MMAN REkIBE
DOEBRBSEHRE 0EH & Fig. 5o,
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MMAN Z 2K IS BEMRBRLE RS 65 6 2k
& iz Bkgled MET CHRIBEAL DN, Teaday
183K Fig. 5 nEBOBHM 0L 5 iZ30kg/cl INE T
TIERFM303 OB EMERSR T L EHBRIETH B H
BIERE Tk MMAN ZSA08K & F—RBREHENL
L THAE L/ Fig. 5 96 4B 6Mie k HICIRBTIRE
LN & R R, £ nEiTtEiRfin S AIRIRIC
HLTEBZ LaBH6RS,

5. & |

BEMERBIC S50 5487 5 1 & SKBIREM CHE
L4, AR SKBEIMIEONREBLEZHIRTL,
7Y 3 CRGKBEAR GHENRBEZITE
ZERBHGNEN, ZOXJMBEBICESHAINDE
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SRR Lpm 8RS 5 b0 THENA
i TNEEORIBTHHDAENETIZL &R
ORIRE LUSERIBIZELEB LBV DI TH S,
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REABECRBEPCSHTSTRELELTH IR
7472, n—2 (GMB) &EBLTVWA:», 4l
PELCEEHEPCASSRARBTH I HHE
Lxéﬁm®m§ﬂﬁm&6ﬂm3Rﬁﬁmwﬁuﬁ
Wbt ERT 5,
ZORAKELTGMB #8388 +5x~1a i
FZHONWTERBERRNCEB TS L, BENERR
FR vk 20kg/cnd MET & Ci@M 2 RHDE T b7
SPESREURIR & o L T OB OEL I P (BRL
T3, ShidpRLL ) BRPIzgEh 350
7GMB T 3 L bAENEBE DBV Z & &3
+540THBA, 25kg/ent ME I 55 £
i3 20kg/cnl MNEE, IMERN 305 SR T Tid kiR
Ll BEER N 6 GMB OBAHE SN 5. LL,
hn&amﬁaﬁﬁmsar&n.m&kdmm,m

,‘EﬁmmﬁﬂﬂnﬁﬁruﬁEﬂﬁﬁmmﬁfﬁﬁ@

CHEHUTLTHB S Eb, —ORENEAT TR

RGO GMB RS Sh AL O LB TE B,

Zhii GMB ffpkEIC L 5 MER SR 7 — 5 ©

THHLEIEMTHS, Tihb, AERICHERALAx
Ty a LBRIZEEh 5 GMB (3B-28/750 # 4 7

OLOT, FkES50kg/cnl ME LAT THIREEIE 0 %0
BRATFRERTHWS, LItdi->T, GMB o BBIER
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BEPIZE Eh 5 GMB A nBIRHRIESIZL - T
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157y —A8GkoME, BREIEETSILO
tEx6ND, LML, 30kg/eol MET CRIERA30
5 ORISR R b & FW U THF 30kg/cof CTIE L
881212 GMB D kE IE R OISR R
N GMBnEIL B 6N,

K2, SABROBUTEILHVWTEBTIE, AR
KROPEMERR LAXRR CRBEOFRIABSAT
V5, ZORRY 6T L CERBEORTIE L IME

THELRIRICBENCS ERSRMOERIE L
BETILNLERXD, Tb6, AIREKBED
LHlcEDIIREh 3K TRiBAtkEnEED
RETHSBERIMERE CRAQOBBOBTIE K
BESNIAMZE Y Bu v, FEICL YHIKEntk
RRER/RICOEB MBI S5HLBRICHTTS
LOEEBTS,

6 & B

2 FEFIOERDAR L A @HOSKBEIz>nT D
PREMERRBICE 1T SIBT 5 8RO 4 BHROSKIRE
IOV TOMERT 5 BRELLEICIE L 223REH 5
WEICH E LB EOUTIEIC >V TRE L 2R,
HRBR DL THOEABRERIMERE CRIBL 724
&, MEHOMIEVBEET 2 I8 5Pl E
35, ZhonRRRBEPKES L SKFBOREE
fticBET - L EBBL, :

£, fRtEc BV CLIBRPICER T SR MEntE
ROEKE(EBTILERBILLE,

X ®

D) &4k, @, HH; RELBRL19. 8, A971)

2) BARMMMRSTAT_HRR, ITRAKGSE,

25, 6, (1964)

3) BAMEER LRI ATRERES (1982)

Detonation Properties of Slurry Explosives under Enhanced

Ambient Pressure

by Sakae MATSUMOTO* and Masao TANAKA®*

It is very important to know the effect of bubbles contained in slurry explo-

sives on their detonation properties, especially under enhanced ambient pressure.

The authors, therefore, conducted experiments using the detonation

test vessel

which can be pressurized by high pressure nitrogen gas.

The experiments were carried out under two kinds of procedures. One is that

the ambient pressure inside the vessel is kept at the constant pressure in therange
of 2 to 20 kg/cm? during the detonation test. The other is that the vessel is pres-
surized for 30 minutes at the pressure of 20 or 30 kg/cm? and then high pressure
nitrogen gas is released from the vessel and 5 to 150 minutes later the explosive
is initiated. The former test procedure is called here as the constant high pressure

test and the latter as the restoration test.

From the experiments the following results were obtained.

Comparing with the conventional explosives such as permissible dynamite and

Eq. S explosive, the emulsion type explosive and slurry explosives tested were
more easily aggravated by elaborated ambient pressure in the constant high. pres-

sure tests.

The slurry explosives contained the sensitizer such as Al or MMAN were
more easily affected by enhanced ambient pressure than the emulsion type explo-
sive. But the former explosives were superior in the performance recovery after

normalization of the ambient pressure in the restoration tests. :
(*Department of Mining and Safety, National Research Institute for Pollution
and Resources, 16-3, Onogawa, Yatabe, Ibaraki, Japan.)
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