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Fig. 1 Schematic representation of the loading con-
ditions. A, electric detonator ; B , drafting
tape ; C, brass tube ; D. I, decoupling index.
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Fig. 2 Sectional view of the piezoelectric gauge.

A, piezoelectric element ; B, epoxy resin ;
C, PMMA plate ; D, insulating tape ;
E, capactitor (0. 3¢F) ; F, electric leads ;
G, brass tube ; H, metal screw ; I, coax-
ial cable.
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Fig. 3 PMMA block and piezoelectric
gauges.

Hd,

ER Yy - olfR% Fig. 2ici+, EBREFOE
@iz, @i —1 Fisiai, #REHTa-7 4
v7&8hTw3%, ERRTFR2MAVTEDRBEY E#EC
W'+ B, ¥ — L ORRRER 2B R OTERTH
EREBLTHAAEL{THLBEYDS, T, FFO
BRBMANS LD, ERBTFCEINc=2 v 7Y
- AND T EHNBLD, ARRTLEDOMEIC =
vF vy —(0.3uF) #EHEH LI, ¥Y—2it, A&
y— 7 (3D-2V) %RALT, MBI L, F
RAULEHBBOANA vE—-F v RAILIMQTH D5
b, ¥ - CORTBRENZL, 0.3sec £ b, BERoH
ERFM A 3msec BECHIIE, 1¥OFETEFR
S LABEYRESTSC LATES, Fig 312, #R
BB G LEERY - coABERLELOTH S,
2EDOERY —~ o HEoFL(THORKEOPBL
T, TENHSmm OGLE) 564 ~«, 40mm DEEEE
HHBELOoBHM(Gaugel) H L UFEEHM
(Gauge 2) D A diEmiz 235 L 12,

2.3 HAHE

FHRIC BT 3 WEREOHE Y Fig. 412m3,
EBHAROBEREL, BAARTIFNTRER=*
NF — AR OWMBRBRBICS VT, L/ vFvT
(FRH R & B - MRS EE =2 ~frr £ 5
(207 =2 = /sec, SRHiBFMHIO0. 4usec) ZAVTiT/e -
teo ¥/ v7 v 7LBEORIML, AL ARES
(&0 PG-230) & A fE L - IBEEE (FERTLELSV,
PR E Y 2msec) ¥ AV, ERY - H6DOES
B, PS5 v ¥z v La—g—(EEHKRDM-902)
ZRB LY, BBOBREHRE 7+ P PF Vv RF—
TEKLIcF £/ v 5 v 7DORRBMEORKMEL,
L1 B/DEF v v ba—5—(BEAHM
S$S-5802) it LT, BB xM I v /¥ HEELL .

THKE



p—ETR—

3. REERLIUVER

3.1 BHhROENEE
ERy—-vhbolhEHRORERN %
Fig.5icm¥, ChHORBET — 406,
PMMA 7o , 7epiz 4 UG H¥ 0 8
ML TRDZ L2 5, Gaugel Dl
BrEsb, D.InkE kDL, EHE

Fig. 4 Schematic diagram illustrating the experimental
setup. 1, trace of current change of the elec-
tric detonator ; 2, trace of xenon light flash
detected by the Photo TR ; B, PMMA block ;
D, electric detonator ; G, piezoelectric gauges ;
R, resistor(1Q) ;T .R.1 and T.R. 2, transient
recorder ; H.C. high speed camera:P.G.
pulse generator ; F.C. firing circuit; P. T.
photo transistor ; X. F. xenon lamp ; C. U. con-
trol unit ; E. T. R. explosion test room.
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DUBHOIL L EH H H2BHERICE Y, 8
1B L P22HPOBFMMB L < B = LAt
bhd, Jhik, BREAEOEMOR AR
LT, BREILOBHE~DBNOERM
2RI S ERRTLOT, BRicx
-, BFORmEE LR ECE 1R
KM EIhioy, MEHACEE LS
RELSBRILPNIZTER LIS T, B2
REHshdL0EEAbhD, ZOWE
DAL EHN D H 2B B HHIL, D.
1=1.82,2. 73122\ C O+ RTOERIC
FOTHEZE2hL, BIHEOEZLEND
D BRW2PD € — 7 % TOBSHIBIE « i1,
D. I=1. 8z LT, 2. 5mec< r <2, 8psec,

D.I=1.02

D.I1=1.82

D.I=2.73

Fig. 5 Typical output signals from the piezoelectric gauges in PMMA block. 1, gauge 1; 2, gauge 2.
Sensitivity=2. Ov/div, time scale=2, Opsec/div.
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Fig. 6 Difference of arrival times (At=1,—1), 4,
t, are the arrival time of gauge 1, 2,
respectively.
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Fig. 7 Peak voltage (V,) of the piezoelctric
gauges as a function of decoupling
index (D. D).
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Fig. 8 Framing camera photographs (PMMA blocks, D.I=1.02). Expousure time=0.4usec.
framing interval=5psec. Numerals attached to each photograph indicate the number of

frames.
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Top View

Side View

Fig. 9 Reconstructed PMMA block. A, D.I=1.02: B, D.I=1.82; C, D.1=2.73

(Qa)

(b)

Side View

(c)

Fig. 10 Partially reconstructed PMMA blocks showing
fracture patterns, D.1=2.73.

D.1=1. 02D} A % Fig. 8127k ¥, WHEHOh b
153-RUEHLALOT, F4A0FEHTORFIXl=
<HYEME L L EO2-HELERTS, chi
y, BEOBRBIMLTXOC Libhd, BREH
10psec CLABIZBHTIIZRT D, D& &, H#R
o AdEAHOFKITER LD, hix, £
BOABMECRMT S LIk > TE UBFIREDMHE
RAitabonTedstBbhhTyv3W, BBILEHO
TR, BSRE & bR LTV < D5, ¥25psec
Lk, kRGO hEOXMHD2EFHR LT EHND
KN TETC D, chif, 2=F—7F7F»~—&
TN EROREXRTLIOTHA S5, #155usec
tend, HRESRIChI > TAEN &Y, BRY
ANLANBMTS, B9 a=hbbhd L i,
- 0By, FLofED BhfiikE b s TS, 250

Kogyd Kayaku, Vol. 48, No. 4, 1987

psec BE I3 LIl O Rt — iz, 312
LELCRTRET S, L Liesis, {B58H450usec
> THHREDOBRIL, FLERIATVBIEND
B, 3.10BENG, DIk > THEHAZROETO
BEIRIELTB S ENTRIhTVEA, HALL
¥/ VTV TDOENTELAFTRB TV -2 L L,
R 7 4 5 OFHBMATR+S i, Elith
BEXAPMAERE LTREIh TV RV-Ch b
~WOEHNG, TORABROBRY VM IZERT
53 LiEBETH 1.

3.3 HEREOBERR

WEEIh-PMMA 7o , 70 2RORMBET~XS
ZEiRE T, BNEOHERYMBLHTES,
Fig. 913, fIT LRk oNleRmLicbOoTH
5, D.I=L.020# 8143, BRAORBEMAFLL,

—_ 220 —



Top View Side View
Fig. 11 Partially reconstructed PMMA blocks,
D.1=1.82
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Effects of the Decoupling on the Motion of Stress Waves and
Fracturing near a Bore Hole

by Yuichi NAKAMURA®*, Masayasu INOUE*, Yukitoshi NAKASHIMA**
Hiroyuki TANISHI*** and Yuji MARUTA****

The blasting experiments with a PMMA block (80x80x80mm) and a electric
detonator were carried out to analyze the effects of decoupling on the motion of stress
waves and fracturing near a bore hole. The stress wave propagation and the breakup pro-
cess in the block were optically observed by means of a high speed framing camera and a
xenon flash lamp. The pressure pulses of the stress waves were detected by the piezoelec-
tric gauges. The fracture patterns formed in the block were determined by the collection
of fragments of it.

High speed photographs showed that the optical clarity of the PMMA block near the
free surfaces is lost by the tension of stress waves and that the corner fractures formed by
interaction of the stress waves are developed near the apex of the free surface planes. The
pressure measurements showed that an air cavity between the charge and the walls of the
bore hole causes influence to the wave form of compression stress waves in the medium.
This means that the decoupling causes alteration of the mechanism of transmission of ex-
plosive energy to the surrounding medium. The increased decoupling index produced
coaser fragments and the different fracture patterns.
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