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—EADBOTECERTERD, TH27YV L VEREC LT H, TOMPHEEIZ T WBY
FICRETFT L2 bl 12720, KOAH L LTOBHRR, KORTDEHRCUETE &
OEBIPEVDT, HEVWHE TRV L bbhoalt, LT, Zh6DFEREL LI,
HE BT S BEOBRBE L X—DREE VS Z EEBBL, BRI RL¥— LAFOR
FZICiHRLT, RS, BEAY LV ->AHELCAVWRACHRBI ALV L) 2+ 5HH

OFRENH D - L ERLE,

1. # 5

BEOBhEar ba—n LTERI LV 5 HHR
BOEZFHL REOBEEINOBRIIKE LEBE
B2ThwaMN, AL—R7T52F 1 7R BHRE

BoOHEIBFE LTECHBAEATYVS, LitaL—2

T AF ¢ TEIFICEVTE, B EBRILAE L
ORI ZREED TN v 7Y o FHMB L BERE 2~
TWBH, ZOBRIZHVTRESLERILENT
ievy, 28, S HBITHhRTWaRGRIGNEW
HEin 1 i, AHNBHRIZBT5L008HY, —h
L2V T L RRADEANENWDY
ZhHnMBICHFRL T, BTIB~<3 X 5 R

£f7v, BBROL LSRR EHBOT, TOfMRE, £

RIZOWTRALBVPOERL £8HET S,
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Piek Blasting cap
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2. EBROKELEIE

HEUL, LA PEALILOT 0 47 L 6HBEE
FERAVCTITOOL, 0cmPXxI0cm FFEnEL I 1
D7 a2 ONRIZES 15cm OBBEILEEAILL,

ENPZ 6 HRARBTEHALTERL, 70020
BHORR MB35 Lz, 7a v 7 0FRCER
LERRTFROmMELEHT. BROBBICL-TT
v v 7 OREICETSEHOMEE RELEY S,
BRELOTE, JLALOREEER TRRNTHH
e, HERBPVCHLDL Y =Xz 6 hiziod,

Te v rnEr s rniEl, 6 SULKBFOMES »
PGV, MEEE - —ORE, BEILOHEE,

BHORBE KRORBLENRPL SR> 4D

Fig. 1 and Pho.1

Mortar block and the arrange-
ment of accelerometer
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Fig.2 Measuring system

Ligals, LENST, MMESHIF—5i2, Y
=X LIZBEABOEBATALYS, 2EELTO
EEDIL, Fr)—-XZLizioh T TFRORS
IZONWTHRtTB izt »THeABZ Lzl s1z,
e 2 7 0B Fig. 2 iIciR&ah 50, =
CRWAEHNBOHRE Tablel iz v6 05,
£, BRRCYV-XTHAVWLGHEELI LT o)
NEALAMER, EALABETOBRIL Table 2,3
icEeEDl:,

RENE LY —Xix, BEILOREB, +LobbEBE
DEFBIcHTEFH » 7Y o YIBEELAHORBIC

SERR AD : ARILOELE S 8 mm, (12mm), 24mm,
35mm & L, Zhiz 6 SAIAME (Table3 D @EF1)
PEIATS, F0OLICFig3nt sict— b o fEnit
810 £ L TERD (ZNoHREY) LHLAA, O
TETCHREGE 1.47g/cm? iz KR L, T FLT
B ITDEALINITEAZALLTHS,

R WD : SR LofIR & 7mm, llmm, 17mm,
25mm & L, ZhIZEE3 &IfA, Figdnk S5ick
SORTETHILY, BTy IDEAILIEE
nen3Beds,

R TM (1) : BBILOHE L 24mm &L, ZhicE

L2 TBANDIN, TOEOUUTOHYI THS, F1EMA, cofBEE Fig.4nk H I8, KRB,
Table 1 Specifications of instruments employed
Instrqmenls Model Manifacturer Specjfications
Transient converter TCC) Riken Denshi
TCED Riken Denshi
Pen recorder R13 Rika Denki
Computer PC-9801E NEC
Disc Drive LFD-880 Tokyo Denshi
: Kagaku Kizai
Accelerometer EMIC 540-AAF Shin-nippon Max. acceleration
Sokki 3000G
Resonant frequency
>28 KHz -
Cut-off frequency
z
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Table 2 Physical properties of mortar blocks

Group Curing Specific | Compress. | Tensile Soun'd Young's Shore
" gravity strength strength * | ~velocity modulus
number time s hardness
g/cm kg/cm? kg/cm? m/s x10%kg/cm?

Mortar 1 >4 months | 2.084+0.02 | 770+11 59.3+4.2 | 4382+ 67 2.5410.8 33+8.3
Mortar 2 | >4 months | 2.19+0.02| 972+50 70. 8#4. 1 | 3460+ 85 2.911+0.15 26.7+6.3
Mortar 3A | 4 months | 2.18%0.03| 972+70 62.5+6.6 | 39914137 3.55+0.26 27.4
Mortar 3B 4 weeks [2.15%£0.04| 746450 53.3+4.4 | 35214331 2.78+0.53 23.6

Table 3 Blasting caps employed

Blasting cap Maker Diameter
A Nippon Oil and Fats ;| 6.6 mm
B Nippon Kayaku 6.7 mm
C Nippon Kayaku 6.5 mm

KTFEP+5, TALIALZELILITHS,

288 TW: BREILoME S 2dmm & L, ZHIZCBF 2
EBAL, ZoBRBICER KEBLUKIZASL bHS
FECMC (B K oBRrFnh—FERL ) &£z
THM LTEME & b o itk (RS &l
LIz, izt KO E RIBRIILOFLIAA

EBBE, KEFFAForORBICARTHELE

BENH 3 (Fig 4, ERAL KR, kit Table
QIZRLI, FELILBEALIAL2THD,

SEER T™M (2): IBRETLOERIE 25mm, FFIXEF 3,
ELILIZEALIALIA THD, AL ER, ERW,
K, MileFifk (Table4» 2§80 &L, »“Fhb A
FET—RHICTHL /2,
PEDNRBROL V=X THED, EhEANGREIC
20T, WTFALES BT >ORKREIT-TTF— 7 &
Eolc, 12122, 3ORGTCIISBTRLAR, IR
AD NIBREILOTIE 12mm b+ h 1B OF— 2 LM
T ievy,
HEREZLI, T80 Te v 2 OFEICL )
I IRGHIMRE ST, & 4 H>OIMBBHRIIESRIE S h,
ERENBhAOBROBEORRNERES L,

I F-REEOEE ,
BEOERBS NS 7— 413 Fig. 5 0 X 5 4
FiL, Pho2mkottensn7n v 7 OREEBRR
Thd, Fig SOMAERHR 7= bar s
—F=MHHERYLI—-F— I RBEELLNT,
Frrin—1, =2, -33x7e s o0 FAICEY b
LEMBERORETH), Froir-4i37ay
7 DEFCRAD EMEEHNOLNOTHE, Frot
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=4 (Ch. —4) NEHIBEDOBERL » LKH &
R ZENEC, F=FELTHATVXHRKEL—
ENFR LRELVOT, FHATREDHIN, F—5E

LTRAALANI- 2, BROEEBLIBREILO KiFE
(F=y o "BRCFE—V L 7LD 7OEDE
FoLorbnT, PRTIREC, MYEL->TV3)
& DIEBORIBA—E L h bt ELONS,
Ch—1, Ch—2,Ch—-3 Ntz h2ZnEg L A ilin
#Bohsnc, O ENEE X (Fig.6) &
ALz HRL, F—sE L, ERBOMBE, ¥
KER, ThEROBETHONS 3>O¥ER (Ch
=1 -2, —30372) ORGPiL L Tikba Lk,
CZHLTHLARMBENHEERRIEIZEL S
o, Fig7~Fig 11 ¢hs,

MEEOREKIL, “WThORBREL, ERILL IR
BeLTwWS, kEnicvwail, Figenlk iz, i
RS 1 2D, TasrESERn~ v
+ A8 (EEFAOESBEHNIE) I28E, SRl
W~ Lilligits, TLT, £OKREN XD LI
BrVERAELRND > TS, FLENEREE, Z0

dlasting Cap

" 'Fig. 3 Tamping system for Test AD
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N Vo N B,
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Table 4 Viscous fluid and plastic bag

Visco -fluid H 3O, Bentonite ( 39), CMC (1. 29%),
(Exp. TW) Sp. Gr. 1.01 (17.8C)
Viscosity (10 min. GS) 56 b/100ft?
PH —
Mud A H,; O, Bentonite (2.88%), CMC (1.15%),

(Exp. TM (2))

Sp. Gr. 1.02 (19.6C)
Viscosity (10 min. GS) 33.0 b/100ft3
PH 8.90

Mud B
(Exp. TM (2))

Mud A 100 ml + Barite 74.7 g,

Sp. Gr. 1.48 (21.8C)

Viscosity (10 min. GS) 38.5 1b/100ft?
PH 6.38

Plastic bag
(Exp. TW)

Polyethylene 0.01 mm thickness
0. 02 mm thickness

Ron3H, BEAFDILWVWT o v 7 TiR5~6%HH

EOMBLLEIEIRO LA~ LETT5 E COSSHT
#bhty, BRT5L512, Table8 L% 5, #H~
g 5 NS Y, YoBALIERL AT,
HREAABN T » s Oh ERAULTTEDLE
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Fig.5 An example of acceleration waves measured

211, Fh¥h@®, O, A, A, XTHbTZLEL
L,z

Py 2 R CEREND
CHFSLVENRARSRELCTHS
RBALCRBIRBLTWS
AR T ey 7y ORE@ZPLAGND
TR CRABN Y,

ThHs5, tORRIBBEFUZLREND,

8. FhyTYoTELUAHDHR

L1 FhyFT)oTONE

Fho?V L YOBHRILFig T L0 Fig 816
hada, WThLILELEXTT v 7Y o VIEKR
2<+5¢, AT rnfRTREEASZN
BWEERER TS, 2L, F0BEEO L H BT RE
NELZNBAELKOBPETE-LHBICRKSD, LI
KOBP&, Fho7Y o 7HRENAKE /e D L IDEE
bRECLRBEVIBRICEKT /R L1,
Fig T8 XU Fig. S RHBROKEREETNEE T 0 o
FLELOTHSN, LolEizvil, BRILASR

xpDOO
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E7a v 7RRECORBRIR7e » 70Kk E & (HHE)
N—RETHS LY, BEILOUBYKEC DL b
PSS 2D, LIzdiaT, BBEHENEL I A
AN L TRTSMICRIENRD S LT, F0REHN
LETHD, RERELOBREIZLEIMNIR-E0 L
ey, —, BRO2PICHRATILOLLT,
BEEILOFE 24mm (BRNBE), 25mm (KOESR)
£1ELTHE+TSLE, Table6nkS5izRATIH
BEONMENZEELD, ik YT 7i2+5L Fig
12L725, SBRZNOEN 2RORBERLIZBEE
o3,

BEORBNAEINBEE, BXREOTH v 7Y
YIBKRECLRIET v o 7 N COMBREH REE
BN PELBNT, ZOHEDEETFTH 7Y >
TOBRTHILBBRFITBZ L LHFERBIZ LN
v, b 5HA, BENBRENBEN 2R E£NEH
DBHNOBEROERLNN LM 6L, BENZ
v a fEfl, THbbBRANKERBENGRELL
BIRENEL L EFRTIBEN 2 ¥ —REIRO
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¢) X : No crack

Pho.2 Broken mortar blocks
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Fig.6 Maximum amplitude and the accelerating period of acceleration wave
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Fig. 7 Acceleration and decoupling index ‘ ] 1 L
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RBIZL >TEVSNENRENBEN LI DY Fig.8 Acceleration and decoupling index
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Fig. 10 Acceleration and tamping materials
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Fig. 11 Acceleration and tamping materials
(Test TM (2))

Ho7Y YKL LS 2 LRBRTRECEENE
WZETHENG, ZZRRAKLERK LB LT,
HREVWS iz B,

MRTIE, TH o7V THRENISEVEESNY
DULMERE[BTVROE, FOBRENTa v 70K
BoREL, Pho.23kxTableSichs L 5ic, @
FREICZELAHIBELKLHIPE L, HKizhi
DiIcHLYY. wWThi, 7o o 7 RI0IZEVTI
B h, Qi REOPREECIRES NS
(RLEEVWIEVRBEAD LB I v LA
nieedn),
EEREANBENES, Tho 7V VIREEKE
CFBE, FHo7y L 7iEK1LENBATE (BB
BixbEMIS 1 > THEH), it Lz, 7ru2
ICRABSEL T 2w, BEEILHES 24mm (D. 1=
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3.6), 35mm (D.L =5.3) Ci2, %R, #RLx-
ECHMBREC Ty, ZhicL, SERENK
DFPEIL, BEILE Imm (D.1. =1.7) o4,
Pho.2-b B A, BREILE 16mm (D.1.=2.6) Oif
&4 Pho. 2-¢ B4, MBILE 24mm (D.1. =3.9)
NP A Pho.2-d BFLCRMENS, chh3»
Dr—ARBVWTRLRBEA- LD AT, Rkt
B3ILREA1LKL, Tur 23 ORBRER
FEETHAI, Bitie»T, ZOORPTOA LT
By ) Ense—TRELAN JLEIImm DL
BHIITLRS Z ENTEALN, 24mm OPAIL. K
ENRABN T 0 2 2iIZA>TWedi6 EORBICIXHE
YnBBe L, LEBISmm N 7o » 7R3 FHHEOD
llicdalctvad, bz, SFAEBENERT,
BRILE 24mm, ISmm DT e v 2L, ~oT—TR
BBrcaLvynT, #R EARRBRT, ERIR
IKk-T2oWoicLA,

IHOLTERLEFAFAD T w v 2i2A0 T, &
HIZBRILOABORREBE LA, Fig. 13 2 n
EOMKMLPHTHBN, LICFH 7Y L I iRY
MAEWRAR, BEORBEICERBENELTHS
ENR6NN, EMTRAVE, EFREOMARE
ABLOEBBLTEEDANHN Fig 14 THB, ¥
ERABICE, ABOLERE (ABNER LRI ?),
HANEALLLBRIZZADHLENRHNDILDON
Bholz,

4.3 AHDUWRIZDINT

AGOHR e ROTERIZFig. 9, 10 8L, %
LT Table5TH3, Fh o7V ¥ R
BFRTALEBRATIVSEG, Zh6nE, RICF
anis7a v 2 HRTOMBERE OGN E EMORBLHGA
BOBPR LS bizizB,

thTADE, AMHELTRANL-ELEC, A
5L L IR LAADORIZ, KIS 6RTHES
LCBBREP LTS, LCERDOPEE,
HBAD DX S iZ, BENLizH— b KTHEY &
L Eic BB ERLAAEBEE, RRTM(Q),
TM@2) D& 5icBEORBEII LERBDEHLAALL
BELTRIBZLAYBARGALY,

BOiAtgL LTORRE, BRFRSLBHT LIS
BEILNILBEOHOBRICLE3LNEBALNAINT,
SENX I iz, BELOHELRILRIZC HRTKEL,
L LRRULABEIPLAL Z L b2, BLRAAR
TR, BRYAOHLAHOBHRLBRLRIL ) -
ROBRURTH-> O Lhienw, BEORBICE
BeAH -l LTH, ZERNSW (TR 1. 47)
HHLPLTVBRFOLDIZ, 22T, BEHRC
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Table 5 Failure mode of mortar block

" Test series DL Tamping material Failure mode
RS Y ©~0
' 1.8 Air - X
AD 3.6 Air X
5.3 < Air x
1.1 " Water ©
1.7 Water O~A
wb 2.6 Water A~A
3.9 " Water A~A
3.6 Air X
’ '(r:v; 3.6 ‘ 'Dryisand X
' 36 Water A~A
3.6 Air x
» 3.6 Water O~A
CTW 36 | Water+Plastic bag (0.01) A
3.6 : Water + Plastic bag (0.02) A~A
3.6 ! ' Viscous-fluid O
3.6 Air X
™ 3.6 Dry sand X
3.6 Water A~A
(2) 3.6 " Mud A A~A
3.6 Mud B O~Aa

©: Broken to frngments
‘O : Very craked with open cracks
A : Very cracked
A : Cracked
x : Nocrack

FIGNEBLRES oo iz A,

SEIORBTIX, KEAHLLTREVERETRL
f=p, KiZEEA 1 ThHY, KEES LUK LB
HE L OHOERG 2 b TEWDT, ¥ 20BHA
Rrhgkavnipgionsy, tLAZ0HE
12, Rz ¥—nERoOBk: LTADHTERN
TWT, BFOHRO A X¥—¢RTRENELS

w«utb&&ﬁ&uuﬁié&ﬂ&brtfanm
ELnegaohnS, P

*0Rnu.mm&ﬁ&£ﬁ<urﬁ&mmzmw
ERBROBED, KLV LEPIRVGERET LN,
ZhLBBERVR 2N, £, KETTRF 28
IKARTIF- AT, 77 2F 2 7 ROPEHN KL
WLDTEPESLERIHEN S, KR 7TFRF v

‘Tablé 6 Amplitude correction for the propagation distance

Acceleration measured G - 2788 . 2273 1723 1370
Air Propagating length mm 146 144 138 132.5
. Correction factor 1.12 1.09 | 100 0.92
Acceleration corrected G 3123 2478 1723 1260
. Acceleration measured G 3070 3740 3950 4660
Propagation length mm 146.5 144.5 141, 5 137.5
Water . ‘
L Correction factor L1410 1,07 1.00
Acceleration corrected . G 3500 4114 4227 4660
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Fig. 12 Cox;rected acceleration and decoupling
index (dotted line is the measured)

2 2 OREOEBEVWILEY Y, TF5RF 4 2%KLE
BIAK L oflich e BERNTET, 2L ¥—
DEENRREGFISL AL ZHRTERERBONR
Y¥Thsd,

4.4 EBOIRLX-LBROIRLE-

Table8 2, RRWD(k&iddat L. Fh 7Y
PTIBREERSELARR) ERBRTM (2) (25mm
HEOBEL LAV TIT > LRROBREXS LHD

— fine craéks
and notches

reavily crushed

Fig. 13 Sketch of the inside of borehole

Crushed zone

after blasting

ﬁ

2 3 ]

Decoupling index

Fig. 14 Thickness of crushed zone and

decoupling index
@ : Water tamped
Q: Air tamped

Table 7 Characteristic impedance of water,

air and mortar

Density Soun.d Impedance
velocity
(g/cm?®) (m/s) (g/cm?-s)
Water 1 1500 150000
Air 0. 0012 330 39. 60
Mortar 2.2 3500 770000

Kégyd Kayaku, Vol.47, No.5, 1988 — 297 —



Table8 Velocity amplitude on the surface of mortar block

Decoupling’ Accerelation Accelerating Velocity
index _and (peak) interval (peak)
tamping -
materials G #us m/s
1.09 3070+ 600 50.1+ 6.1 0.75+0.15
Water 1.70 37404 480 55.1% 8.3 0.99+0.10
2.61 3950+ 390 57.84 8.6 1.10+0.13
3.87 ) 45601 610 56.9+ 6.4 1.2840.20
Air 1328+ 422 23.3% 5.9 0.2210.07
D.L Sand 1527+ 780 31.9+ 9.1 0.25%0.12
Water 4509+ 745 69.3%14.2 1.48+0.22
=3.87 Mud A 4850+ 602 72.1+12.9 1.71+0.35
Mud B 46631173 72.1+18.1 1.4810. 24
S
= Total energy of blasting cap sl §  Total energy of blasting cap
—Z0ergy for breaking copper cap Ener
' g8y [or breaking copper R
. heat, sound, and others il neat, sound, and othe::p
- Wl
Energy for breaking
3k mortar block
k] o Energy for breaking
> mortar block
by 0
Fu 5
é b4 S Energy consuced in water
2r 2
‘-2—-Energy consuned {n air
i Yitration energy propagating 1 .1-Vlbru:10n energy propagating
through =or:§r ® through zortar
# .
3 1 1 | | 1

HBR) It L THLATHIN, BEEHEO MR
i ERM TR L CHBENENIRARE £RH 2L
DTHD, TXAX—IZONVTORB LSS iz,
mmmxosmm&Mwaﬁmpmovfwm»vb

3,

BEDOZRAK -2, RROEL V—XTRHAE

Decoupling index

(a)

1 2 3 s 5
Necoupling index
(b)

Fig. 156 Distribution of detonation energy and decoupling index

(a) Air tamped
(b) Water tamped

@ : Estimated from the velocity on the surface of mortar block
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EATAOBERIZIHRENSEBRI P2y, ®1
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& BFREOKZT o ¥—EROBELELTED,
BTRWEDIZ, Fho7) L 7RENAKECTY,
ENZRAX—ZELZAOBEEMINL ) HEhCER
T5, JHIZCHAT, BERENELOBEITI,
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Experimental Studies on Effects of Decoupling
and Tamping Materials for Rock Blasting

by Umetaro YAMAGUCHI*, Takakoto SHIMOTANI*
and Geato MOGI*

Small scale blasting experiments using cement mortar block and No. 6 blasting
cap were carried out for studying effects of decoupling and tamping materials for
rock blasting. And then, it has been ascertained that the water sourrounding ex- .
. plosive in borehole acts as the very favorable medium for detonation energy of ex-
plosive to rock and the effects of decoupling are completely different in the cases
in which tamping materials is water or air.

In the final discussion, of the distribution of detonation energy is argued. And
a possibility of controlled employment of explosives for rock blasting in which
most of detonation energy is consumed for breaking rock not to other bothering
phenomena like vibration and sound is suggested. ‘

" (*Department of Mineral Development Engineering, Faculty of
Engineering, University of Tokyo, Bunkyo-ku, Tokyo 113, Japan)
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