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GBKIERI Y, ROFHEEML TR, BYELX,
(D KEKEAREOERUL, BIER 150kg TRERD 40tk
B FICEREFICREL 51215, QRKkEMER
ofEftt &, REOAER L FH—i2+5, a8
H&si, eeEicL, B 150kg o+ 55
Ar+35, ARZRIT Y,

BSS~STEICER LAERSE TR, haiRot
B, BLE, FRENLBR TR TCH- 12,
RO IEROBMET O EH ALY, 00k RH
DWBROL S FRERAI L >TRALAGCDEERL .,

M L hE, BYREIRIER 40t i1 BB OM X
229m TH3, Liai-T, MApllicty, BER
150kg DR A Iz 351 5 W DS, 29X (150740000
=45mE5m L5, €2 CANRCIHMBORE i
FRT5mLi,

KR Oz Tablel 0 X 5 oMY, Effa.
7y—p8, B2V — YO SRR E LA,
BRETEITRTRA—CH 5, FiglictRond3
BENKEAOHREERL =,

AL 2 ) — bPREFERAPT FE AL b
&V, FEUBREE 210kgf/cm?, X 7 »715em, f
FFHRA 25em ¢, gk 7V — bOPAICI, 6
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Table1 Test conditions
) Structure of Whight of E“vl;'gvlftl i‘}t
Run No. Explosive Site Year magazine ex?ll(os.)xve explosive
8. (kg)
1 Ammunition Ojojibara 1980 Without lining 76.78 76.78
Reinforced
2 " " 1981 concrete 150.2 150.2
3 ” Kamifurano 1983 " 149.4 149.4
4 ” OQjojibara 1982 ” 301.2 301.2
5 " Kamifurano 1983 ” 300.5 300.5
”
(with earth
6 ” ” 1983 mound) 300.5 300.5
7 eE‘;‘f;;‘i‘fe Ojojibara 1980 Conerete 8.36 9.49
8 " " 1980 " ‘ 76.75 87.7
Reinforced
9 " " 1981 concrete 131.2 149.8
10 " ”n 1982 " 300.4 342.9
11 ” Kamifurano 1983 " 300.4 342.9

*TNT equivalency factor of Comp. B is equal to 1.148

[;]ﬁ 1
15 8 2o

4.8
1.5+

3
. =20~

8.6 ———

A

] 03
974 Tar i %
-0

T N 18
/\? | .8 & iq
F—4aM—H1n 905/5 age-way tﬁlmbef ¥

Fig.1 Configuration of the model underground

magazine and the earth mound
% : Center of the explosive

245, EEEOEHILS.3m? ¢, 150kg NPE DR
HHIX18.1kg/m3TH ~ 7=,

2.2 IEHRMR

BAEARSL, FI T2 203mm D 5 F (FEKix
TNT, {84 L), BTk Comp.B &L LTHA
L2, REHEE, RARLEOBHNLHIZ, F
yn, Comp.C-3 22 L REMALA, RELKIESH
BwFh RO bNEEOEEMvyE, BERR
Tablel {ziR L7,
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KRN KIRBELFR 3 Fig. 200 Th 5,

2.3 ©iIRHE

AXRAF, BEOPAKE, S BDMEARH. AR

(M), 8 HIMEE (W, INT(BEFNF&4

RF3%), Comp. B (&RFIZ5H) oMz L ).

BREoPAIziE, KEFRFL 8 SBIABE, HAR

(W), 8 HIRERF (W), Comp.C-3, ( Lk

BFERA) 7 by a4 (EBE), TNTORIZLE,

B, BHE» 4 5 ORPEEREAVTITR ~ 1,

24 H W

HEMBH L UHER, ROBY THS,
(1)K 3EM AR L OIS OIREARE

BEEMNEAY 277 » 71k, PCB#N8e=/E
HERE PCB 108A (Miz#aEE 7000kef/cm?) LPC
B101A03 (Riz@sE 700kgf/cm?) &, £h¥hik
EMBOHEM L, FRBIREEHOEBEH
HERNBR &AL T]RY i, EHREREZ
BlEL YV a v Py REFLTHR -, ¥V
7Y 2EBALLRWE, BOBEERALhIKELA
Erftishs, TREORY FrBo—f& Fig.
3izirt,
Qg kN O+ 2

O A BRI, BEMSS, S6EIC RN TR~
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iR THELL,

VR Y—-o), ARERNKFW-2-Cl1-11-L
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an
JUCNE

Blasting explosive

Fig.2 Loading configuration of the test explosives in the chamber
DF : detonating fuse, ED : electric detonator
& : direction of the entrance

2.4~
-'/(

Al

P-1

P-4 P (]
F25~—25—1-25—+-25— P2

P-6
Fig. 3 Position of pressure transducers and
accelerometers
P : pressure tranceducer,
A : accelerometer

100 AL, &6 A U HKIREOME th REBORE
‘:“0“‘11 ‘EV)&. aysy-— "&ﬂ&lvr\:e 95'7
6zt Fig. 4 i ) ©5 5, B athe, &
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IR CDV230A (G5 B%E DC~60kHz) &fEv s,
VR LT DMK

ImFBEERHE /50 PCB 3 308B (g mskk 3
kHz, BIZE®ESOG) &ML, HoM L HESRLE
AAOPIZBEL, BRI HIES 20em { R iYL
., @ohTr, 3-o0MEEHTEVCIAL 2T
35m (RIAKE, kRENOBEFEE L CERIZHA
1) OMBELFECEDILS5ILk-»THY, —h
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em?®) L L, LeRA-ERERTL IR
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Y7 LSRR RMUMH A7 b 7+ e (REREX
DC~500kHz, AMiR0.01%/ 7424 —n) izk »
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Fig. 4 Position of strain gauges
G : strain gauge unit:mm
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BERREDEL,
OISR KR I R ET RS
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Fig.5 Block diagram of the measuring system
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Fig.6 Typical examples obtained by some instru-

27500 ments
~ 22000 {3) (1)Reflected overpressure in the chamber,
O Run No. 11 at P-1
3 16500 {2)Incident overpressure in the passage~way,
c Run No. 5 at P-6
E'.: 11000 {3)Strain at the middle part of the passage-
@ way, Run No. 5 at G-1

$500 {4)Acceleration at the ground surface, Run

0 No. 11 at A-2, Horizontal
(5)Displacement of the ground surface, Run
) 16 24 12 w0 No. 6
Time (ms)

v 2T 970 [HKBETLIZLOAT, Flo PiISE»TEHIEL:,
BEIB6H, FLya ey (BHERFHN DM7100 FIIEVRE »TRBRINLEF S 5 1EBH,

X40CH) ~Ah&nr:, a3t a—# (YHP9835B, 125k <4 |) oRigEHIC
VPR F—= I 6nEBERE, BUTANCE->TH EEsh, FEOHALAORKIZ, 7a » 5 (YHP
WL, FoonreV~ADShE, 9872A) Itk - TEkER B L L iz, F—FH—}

Feanreyoby Hicik, BEGCRBEAL Yy SicBREh, REFEShE, TRE HI3FKHT
4A e o 7EEBLE, cOBFEFIIALY S OF v L RADOF— i3, +<TAREH, Btsh
— & CEREHEPiSIRE-306, RSN 1 ~999999us) j=, F—F L a—FRSSEICA» 2T+ 7RHELTH
IEAAL, SARERESE, CAEFTIAZEY WA, TORMEEALENHT,

OHRBE Y HIZAALE, ZOMY HITL > THES 3. JRES
hi-iR@ix, §€v 7 AR EShE 72 v 711 3.1 HEAOIBRE
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FENOEHERIBIC & - TH 6 nRRE R
B —H &, Fig 6-1izm+, EHSRL, WwWFh
LR DEBRIC L SEHNERBOES®, a 79—
FPREORIZE DY — FROUN, 237 5y ORR
REICE T, HMRERE oot Bz, TSP
8, WHORELMbY, F— 5 nfgHlER Y-
=, UL, FROBEL WBETIE, IIBNEA
ERBFEL(BECERRLEL S, KEANRKKED
E (RHE) ORElli& Table2 571,

3.2 mRmIzHITHBRAE

WAz 11 5BAENEER&H—H & Fig. 6-2ic,
BKBE (ANE) & Table3 (iRl 2z,

ez, AQEGOFLEEANH, b3
BELABOLHY, I62&1KEN 1225 BL
T, BROGHIRE 0 ERBERIE) -2, R—F
THET 5L, TORFRRHETHS,

3.3 MEHRMTOVFH
T MEPRETEE L 2518 0 0 Ao RGREN—
A& Fig.6-3 (o ¥, BERENHRT, RFEL <

BETERLBRS,

Mzt 2RBOFAOIHRRO—P &, Fig
TieFEd, coRICLAGABZL I, EflECHD
Fai, BROFVARE O KEN -,

3.4 AR OMEAE

KIERL > L F i 3303 5 AR o0 S B — B Mgt B
n— ¢ Fig. 6-4 |2+,

ZOMEEERAL T, RATMME Vim/s) &
R, PEERNOIR D/ W (m/kg) L OMRE
BrLnd, Fig.8 TH5d, 217L, DIBEMNSG
NEEE (m), WiB#ERt (kg) ©&H 35, BMSSEDN
83K (Run No. 7 32 1 8) RPIBOIRE 22 >108%,
Fofiz—->nfiiRiz ey, FIREBIECBALY
a1,

10, AT VIcsI33mMM T (ms) ¢,
FERE T 2i28wT, D3/ W LIMBRERLE,

3.5 HmmOELr

Fig. 6-5 i, ¥LREMUHIZL » TR h ke
R EOBEBROBTLE N ~ DR ~e5R] ko —H T

Table 2 Peak reflected overpressure in the chamber

Measuring point P—1 P—-2
Distance from center of the explosive (m) 1.60 1.18
Equ_ivl:llcr;t Peak overpressure
Run No. Explosive ;\;e; osti\?e .
(ke) (kgf/cm?)
Experimental value 2 Ammunition 150.2 (386) (4550)
3 ” 149.4 1450 900
4 .o 301.2 370 —_
5 ” 300.5 3300 1270
6 ” 300.5 2250 1425
7 Explosive 9.49 117.5 62.5
8 ” 87.7 —_ (44.3)
9 ” 149.8 2080 1860
10 ” 342.9 3210 2240
11 ” 342.9 4800 1350
Calculated value by Sachs’ Explosive 9.49 127 180
parameter " 87.7 580 -
" 150 890 1900
” 300 1320 2470
Calculated value by the " 150* 1600 1240
PISCES code ” 300+ 2260 2480
” 300* 2500 2600

*The wall was assumed to be rigid body.
= Effects of the concrete and the ground were considered.

( ) : unquestionably improper value
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Table3 Peak incident overpressure in the passage-way

Equiv;ler;t Expel&l}x)nerl\(ml value f \
. weight o en overpressure (kgf/cm?) /-
Run No. | Explosive Year explosive distance from entrance of -
(kg) magazine (m) )
2 Ammunition 1981 150.2 36.7/7, 8.47/3
3 ” 1983 149, 4 135/7.5, 118/5, 29/0
4 " 1982 301.2 135/5, 130/2.5 ‘
5 " 1983 300.5 357/7.6, 291/5, 296/2.5, 46/0
6 " 1983 300.5 124/7.5, 140/5, 92/2.5, 63/0
3 Blasting
8 explosive 1980 87.7 61.8/5
9 " 1981 149.8 74.2/7, 39.6/0
.10 . " 1982 342.9 470/7.5, 360/5, 145/2.5 .
n " 1983 342.9 370/7.5, 228/5, 290/2.5, 85/0

H5, BIIC L BIRWHL, 150ms BizH 2 7 BicH)
FBLTWBNT, £hIROREIIBHEEN L,
B B ROBREAE &+ 5L, 4.83
m/s kitd, —h F—FRonEERSEHNIT
5k, 5.40m/s L0, BHENER/E, MBEE
ORI L SHEOMHIE, HFEER S5 LIRE
Bahr,

3.6 msxummmma
ERFFCRRER 300kg DA (Run No. 4 25 & 8
10) 2@, AEEHINEL, KEAZ2L 79—
WL +BTEE L, 150kg DIBA (Run No. 2 33 &
"9) ik, &iF=a> 29— OERLHRE, SHo

]
|
1
'
)

'Fig.7 Distribution of residual strain at the
middle part of the passage-way
203HE : Run No. 4, Comp. B : Run No. 10
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BHEEATIBRET, NBCRES LMo,
LERFTIE, BRI 300kg T LHENEE (Run
No.5 3L U06) iiX, MfLieh 72, LML, 18
R4 (Run No. 11) 2 R RKANRGEHWL, HE
2.1~2.3m, §§& 1.35m OBFNTE =, MELER
DFEIZR, LOBEL Y LREOREES PN L
MRENK, Ef, ETWRIFT300kg OHlA, WD

0.1 10’

2 =T
~
g §
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>
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] R g
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Fig. 8 Maximum displacement velocity V and
half-period T versus scaled distance
QO : Ammunition
@ : Blasting explosive, Run No. 7 and 8
@ : Blasting explosive, Run No. 9~ 11
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Table 4 Residual elongation percentage of the structure

4 5 6 10 11

Run No. 3
Residual Chamber 2.9
elongation

- 5.9 8.0 — 11. 4

(%) Passage-way 2.0

1.8 1.9 3.6 4.3 5.8

o
o

T rryyrm

41000

1 A4 8 taa

=)
Strain (g)

100

Adaa)

Maximum displacement velocity (cm/s)

[

Scaled distance (m/kg$ )

Fig.9 Maximum displacement velocity and
strain versus scaled distance by blas-
ting in an adjacent magazine

L] LEEER R R L) LR BLEARAL L]

qu (psi)

W/V(lb/ft3)

Fig. 10 Peak quasi-static overpressure Py, versus
loading density W/V,
1: reference 3), 2: reference 4),
3: reference 5), @ A : reference 6)

HHRKE 0 bRBOBENKTH S 2 L AHABICT
shix,
ME\iz, wFhofgd, ABORELHFNa
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79— FOHBRET, A TRLRBTH 2205,
PLROBROFHGE 9 BEOBENKTH-,
Bk, &R 29— 0BRSS, RLEHND
¢, RWOEHa 79—, BiBOOPIL 1,
ERHHC 300kg HIPS, FIT 1.3m, BT 2.45

m B MRS W SRIGBIY S -1,

R L UMBOEME R & B & FROERK rHic
20T, RMHURETREL, £t0RHEL 20N
Tabled ©H 5, Kk, ML LIcHRX 9 BEDS
M, ks, K2 09— rE0EHILIYV—bO
HH, BEABUBRIKEN -1,

2RREFL T, 2EH EOBREBOLD LS
BORBIZBH SN2 h » 1, ERRFHET 300kg NI
b, GENRELABEL ~1~, EOHBEIL, B
e, HEHIIm, RSH 1o, BRNVBE, UE
#113m, REY3IMTH-T, BEOFNRKAM-TL,

3.7 ERBAREICRIZTEE

BYE X RERIM D RMIFER 24913~ 19m CH -1, 8
Bizk 3REXBRAORTEIC ST SMHEERILT
TOBETE R, £, OFRERIZ L, SR ECRK
BRIYLT ey b+3L, Fig9nkiiciy,
ELICENE TS 7 CHBBEERETRLE,

ARICECERBERTELAY, ABOFREXT
0.1~0.3mm TH- 1=,

4. B ®

4.1 FEROMERE

EENOBRBEICSWTE, + 4030 2IB8ERE
&5, ERRAOTRERIZPLSLHINT, #
Bk vERTHY, BohiRBfiliEen iR
RAtaciizvanv, €20, Sachs /35 2 —4¥
&, B TERRT S PISCES a— Fict s RHED
BRI, TableZizftR L7, BIOERIE Sachs
5 p— 5 OB, PISCES =— FORMUELE
ERBLVABERELTWS, 48, *RBAEE
MELEELTHALALOTHY, *R2BEHOHE
fEREBRLTHALE,

IR & M E B2 &, 18T & OERRAGE
< B HEELCRETHIICLhrb6d,
EOPLIZIL, Sachs 17 2 —Hiz kB P-1{l[& B
WTIE, 2D B>TWELEERES, LIi-T,
ERDKFEMNBERE ¢, = h & OJHEFEIC X » T
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Fig. 11 Peak incident overpressure in the passage-
way P versus (explosive weight/total effec-
tive volume) W/V,
@ : blasting explosive, O : ammunition

BTABLBAOND, Sachs »35 £ — #{fiH: P-2
THEPL L E>TWBDOIHLT, P-1T4{b2w
B, P-1A0RS KO BAN IO L BicdHy, E
ANBEEMOMRP LD EELONS,

HEOPSIzix, Sachs 25 2 — 45, PISCES =—
FeLizRRITE b, BAOBBIZX S
NTH»HH,

BREERICRIETRERICR, KNBRENEYL
2, PRELELCOBMEHT(L)H 5, RRBRE
Py, LEREHE W/ V OlBRIE, XMYOHO1zLh
(¥, Fig 10 X H5iced, coBENGRMH S L, B
1% 150kg & 300kg 22T, Py, ixEh¥h 140~210
kgf/cm3, 290~420kgf/cm?CH 3, %7z, BHED
Bzt h#h 3dms & 49ms TH 3,

4.2 WRICHITIBAE

HIRic s SFHMOBEERR, AROBBEL 0/
VRN DH S, ZOFRIZRSMREEIZSCTHLE
wonl, BROPE, WRORBM,HLYI DL
¥HRBERENDILHTHS I,

IRV itk hiX, BRADBRORBART 12, £
hERBRBROBEI:ZITOPENOAP iz LT,

I=(0.44~0.67) I, (b
THRbEN B,

3RS ic ki, ARROBEA, TRANIBR
DEFELER, KANRAT— 7L L —&TB LW
7

W/'=W (0.2+0.8/ (1+ W/ W)) )
T o, W st (kg), WRREMRAOMIRE
& (kg), WeixFHRIRE (kg) TH3,

Bz 203mm D 53 FAD W & We D{IERATS
&,

W’/ =W(0.2+0.8/(1+73.23/16.67) )

=0.348W {4

Licy, BEMRAN34.8% OBRERT LIS,

ZhoNXRIZE »TH, BRRABREAOLEIC,
M) OWENZ AKX EHRTIZ LAbM S,

Skjeltorp 62z L hif, b v R AL RBRBORON
KNRKIBIE P (kgf/cm?) i3, B CRbEND,

P=a (W/ V)= (A/APD" {5)
iz, WRBRE (kg), V. REARE oSBT
BER(m?), Ak AjizEh#hdk LR
#H (m?), amnBRBTHS5, ARRICBNT, bE
AJA; B—BTHENG, ORXRKRNE HIZiB,

P=a’(W/ V)™ ®
rEL, d’BEKTHS,

Fig. 1143, P& W/ V, nBREEN% Y7 7127
By bLELOTHS, BIEMICEL2RRHIN,

Table 5 Mean propagation velocity of explosion flame in the

underground magazine

Equivalent weight i
Run No. Explosive quiv en weigh Meen. propagation
of explosive (kg) velocity (km/s)
2 Ammunition 150.2 2.91
3 ” 149.4 2.70
4 ” 7 301.2 2.76
5 " 300.5 2.76
6 " 300.5 2.7
9 Blasting explosive 149.8 3.16
10 " 342.9 3.16
11 ] 342.9 3.30
Kogyo Kayaku, Vol.48, No.4, 1985 —215—
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Explosion Tests in Model Underground Magazines (1)
Responses of Underground Magazines by Explosion

by Jiro KURAMOCHI*, Kazuo FUJIMOTO¥ Yoshio TAKANEZAWA*
and Shoji NAKAHARA®

There are many unknown factors about effects of accidental explosion in an
underground magazine on its structure and its outside.

Model underground magazines having the same configuration and dimensions
were constructed. Their loading density was the same as the usual 40ton under-
ground magazine when 150kg explosive were loaded in them. Explosion tests were
carried out in order to have information on their structure and outside, and on dif-
ferences of these effects between blasting explosives and ammunitions. The weight
of explosives used in the tests was up to 300kg.

In this paper, responses of the underground magazine structure by explosion
were reported.

Blast wave overpressure and degree of damage in underground magazines by
explosion of blasting explosives were found to be larger than those by that of am-
munitions because ammunitions lost some of their energy through destruction of
their cases.

Scattering of earths and rocks from the ground was not observed in any exper-
iment.

Peak blast wave overpressure, peak quasi-static overpressure, mean propagation
velocity of explosion flame, maximum displacement velocity of the ground and its
frequency were able to be estimated by calculation ; these estimated values were
correlated well with the experimental values.

(*First Div., Fouth Research Center, T. R. D. 1., Defence Agency,

2—9—54, Fuchinobe, Sagamihara-shi, Kanagawa-ken, 229, Japan.
*=*The National Defense Academy, 1—10—20, Hashirimizu, Yokosuka-shi,
Kanagawa-ken, 239, Japan.)
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