ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION -
——  ARLINGTON 12, VIRGINIA

@N@ Lh g SX EE E D




NOTICE: When government or other drawings, specil-

Tications or cther data are used for any purpose

¢ther than in connection with a definitely related
govertment procurement operation; the U. S,
Government thereby lncurs no respousibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the sald drawings; specificaticans, or other
data 1s not to be regarded by implication or other:
vise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any

patented invention that may in any way be related
theretoc. ‘ :

o R R S T e




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



DS i o bl e

Charles J. Haas; Graduate Student
Mining Enginsering Department
Colorado: School of Mines
and

John S. Rinehart
Director Mining Rasearch Laboratory
Colorado School of Mines
Senior Scientist
Colorade School of Mines Research Foundation

§§STRACT; “This report is a summary of the work done in the field of ex-
plosive coupling. : Cenerally, three zones of material behavior are cone

sidered vhen an explosive is detonated in contact with a material.  These
are the hydrodynamlic zone, transition zone, and elastic zone. 'In seismic

nals while decoupling refers to methods of decreasing the amplitudes of
ismic- signals such as:detorating the-explcocoive in an underground cavity
rger than the explosive charge. ' Tthe decoupling factor for such experi-
ments: is defined 'as the ratio of the seismic signal amplitude for a fully
tamped shot. to the signal amplitude of a shot of the same size in the
given cavity. A similar ratio has been defined for peak particle velocis
ties, " When explosive performance is related to rock oreakage both dy-
namic shock effects and expansion effects of -the explosicn gases must be
considered.  United States Bureau of Mines investigators: have defined two
decoupling factors:  the ratio of charge diareter to hole diameter; and
vice versa, - They have related the amplitude and period of the strain
pulse in rock to. these decoupling factors. :
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INTRODUCTION

This report summarizes a literature survey carried out to
see how much and what type of work has been done in the area of
coupling between explosives and rocks, The purpose of this

survey is to determine what varlous invéstigators mean when they

speak of coupling and how they approach the problem.

It appears that some of the differeaces in what various
investigators mean by coupling depénds on what eifect they are
interested in obtaining. The geophysicist, for exaéple, is
concerned with the amplifude of the strain wave transmitﬁéd
tarough the rock and is not much concerned with the fracturing of
the rock othér than that caused by the primary compression pulSe.
The mining engineer, on the other hand, is interested in breaking
rock so he is interested in the strain pulse from the standpoint
of reflection breakage and in the slow sxpaunsion of the explosion

products which also affects comnminution,

MATERIAL BEHAVIOR UNDER EXPLOSIVE LOADING

¥hen an explosive is detonated in cdnﬁact with a solid
material, the material experieénces an extrsmely high pressure and

temperature for a very short period of time. The pressures in
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the explosive are of the order of 300 kilobars (kb) and the

tenperatures are of the order of 4000°C, Under these conditions,

the material no longer reacts as an elastic solid in the region .

TR

near the explosion.  Instead, the matertal which is stressed to a

pressure of the same order as that in the explosive is thought to

behave essentially as a fluild and can be treated hydredynamically.‘

Grine (1959) investigated the fracturing of rock by high=

amplitude explosively-generated pulses and the effects of such
fracturing on pulse propagaﬁion. In his analysis he discusses
three zones of rock behavior surrcunding the explosive: the
hydrodynamic zone; the transition zone; and the elastic zone. - The
exisience of thess different zoﬁes of behavior has also been
recognized by many other investigators. ©Grine describes the three

zones as follows:

The hydrodynamic zone 1s one in which the rapid, high-

amplitunde loading of the solid material transférms the solid
material into an essentially fluid state. ~ It 1s assumed that the
material doss not melt (the iesperatures reached in the severely
temperature well below the mel
the pressures are so high that rigidity becomes negligible, Tiis
assunption 1s wvalid if the preséure range considered is much
greater than the dynamic yield strength of the material beilng

“ considered. It is also geéerally assumed in analyses that the

tates are states of thermodynamic

h

experimentally determinesd
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equilibrium., This aSgumption is fulfilled, for the usual scale

of experimentation, if thermodynamlic equilibrium is attained in
0-7 seconds or less, - Just how one would go about determining if
this condition were fulfilled is not immediétely evident and waé
not discussed by Grine.  Grine feels thatvif hydrodynamic theory
does apply, pressure~density curves obtained from shock wave

experiments should connect smoothly with results of Bridgman's

hydrostatic experimentation at lower pressures,

The tronsition zone is the zone immadiately surrounding the
hydrcdyﬁamic zone.. If is in this zone that bebavior ceases to6 be
purely hydrodynamic and becomes substantislly elastic with
increasing remcteness from the area of application of the

. explosive.  This zone has been studied very little. The behavior
of aluminum under explosive loading égrees with hydrodynamic

Y

theory down to a pressure of about 18 kb, 'On the other hand,

elastlc waves of 11 kb pressure-have been observed in 1020 steei.
The extent of the transition zone appears to be related to the
raterial ﬁnder consideration, For instanée, in some materials
such as.lGZO steel the transition Zone is essentially non-
existant,keither hydrodynamic theory or elastic theory being
ad@quate'to cover the whole range of wéve amplitude, . In other
substances vigidity and non linear effects suéh as fracturing may
be more important and as a result neither hydrodynamic theory nor
elastic theory applies in some regions of the material. Grine

believes that the outer limit of the transition zone may be taken
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at the point where fracturing ceases, Crushing and fracturing in
the transition zone produces new surface area. This process

absorbs energy and has a large effect on pulse attenuation and

pulse shape, The extent of this fracturing is belleved to depend
on rock strength, aubient pressure, umount of vold space in the
rock, the geometry of the front of the pulse, and the pulse

amplitude and its shape,

The elastiec zone 1s the region farthest from the explosive.

In this region the material may be treated as an elastic solid.

i

lost attention has been focused on this zZone in the past since

&

it lends 1itself to straightforward mathematical treatment.
Elastic theory can explain severéi cbserved fractures, such as
spalling and corner fractures, in rock having low ratios of

tensile str@ngth'tc compressive strength,

Grine also concluded that high porosity leads to fractg?e at
low dynamic stresses, Nonporous rocks were observed to withstand
compressive stresses six  times the statlic compressive stress
without damage while porous media wére destroyed by éompressive

stresses less than twice thelr static strengths.

SEISHMIC COUPLING

Several investigators have Leen working on the problem of
seismic coupling and decoupling. - Here the emphasis is on the
seismlc signal, the nearly elastic disturbance observed in the

earth at a relatively large distance {rom the sourcse, usually




an explosion., In this work the term coupling is generally used

in connection with problems relating to the production of strong
seismic signals while the term decoupling refers to methods of
decreasing the amplitude ¢f the seismic signal,  The idea of
decoupling was introduced in an attempt to avoid detection of

large underground nuclear blasts,

Latter, Le Levier, et al; (1961) show theoreticaliy that the
“seismic signal from an underground nuclear explosion can be
reduced by a factor ckaOO by carrying out the explosion in a
cavity much larger thanrthe dimensions of the exploéiveg The
decoupling factcrkig defined to be:

2
decoupling factor = %%Fggf %ﬁ Mh EQW_QQ

Qhere ¥ is the ratlio of the specific heats applicable to an
explosion in a cavity, cp ié the velocity of sound in the medium
sround the cavity,‘c is the velocity of sound in the medium around
the tamped shot,/y 1is thé shear modulus éf the medium arcund the
éavity, ro-is the distance from the tamped explosion at which the
permanent displacemeni d, is measured in the elastic zone, énd

W is the explosion energy released. Herbst, et al. (1961) present
an znalysis of an experiment designed to test the theory of
seismlic decoupling proposed above., The test series is known as
Project Cowboy. The theéeory was verified by the experiments,
Seismic signals from explésions in cavities so much larger than
the explosive that they yleld elastically are very small compared

to those from cavities completely filled with explosive, " An

AR 475




explosion in a sphere which ig smaller than necessary to insure

elasticity will still be scmewhat decoupled, “Another verificatioa

of decoupling theory was made by Hurphey (1861). He measured

peak particle velocities and displacements at different distances

fron tamped (coupled) aud cavity {decoupled) explosions in halits,

These experiments showed that deccupling in halite of from 40 to
100 caé be obtained for nigh explosives. Here the decoupling
factor is defined as the ratio of peak displacement for a‘fully

tamped shot to peak displacemeﬁt foxr a decoupled shot and a

similar ratio is defined for peak particle velscities{

Latter, Hartinmelll,; et al. {1981) studied thecretically the
possibie effects of plasticity and ﬁOrk hardening on aselsnic
decoupling of undergrcund explosions in large spherical cavities
designed to giﬁe maximun decoupling'and~in small (overdriven)
cavities designed to give partial decoupling; .They concluded
that plasticity should play no role in explosions in large
cavities, even at great depths, For small cavities at great
depth plasticity could affect the decoupling féctcr by an amcunt“
depending upon the degree‘of overdriving, the depth, ‘and the“

detailed stresg-strain relation of the medium,

Haskell (1961) presents a static theory for seismic coupling
0f a contalned undergrcand explosion, The théary states that the
amplitude of the distant seismic signal from a completely
contained eéxpleosion is determined by the permanent displacement

produced in the neighborhood of the source, A Coulomb-Hohr type




of yleld condition 1s used to determine the stresses in the near
zone where the stresses are beyond the elagtic limit and the
internal friction is treated as a parameter. Reasonably good

agreement was found between the predictions of this theory and

the relafive amplitudes of the seismic signals observed in the

Project Cowboy tests and in the Ranler test.

FYPLOSIVE PERFORMANCE

Brown (1956) did some work relating some of the properties
of ‘explosive to their effects on rock breakage. - He discusses:
methods of computing detonation’§elocity, pressure, aﬁd energy of
an explosive, The expansion propertlies of the gasés,are'outlined.
He believes that the important effects of a§ exploding charge on:
a . medium are those due to shock waves and expénsien of the bgﬁble
of detonation gases, Ffor large‘confined charges, the detcnatién‘
pressure is of primary importance in the shock effects. For
smaller uncounfined charges the shock effects depend more‘on the
impulse I =¢fP dt.  The acoustic impedance of the explosioﬁ gases
is thought té be important in the transmission of the shock from
the explosive into the medium. The expansion effects depena on

of the explosion gases and on the law governlng

(44

he energy conten
their expansion. Thus, for breaking rock, it is believed that
explosives should be rated for both "shock™ and "expansion”

effects,

The Trauzl lead block test has been used in the past to

obtain a measure of explosive performance, Gordon, et al. (1955)

7
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describe a.comprehensive study made of the merits of the tests,

A charge is placed in the center of a

cylinder of lead, The

cnarge is then stemmed with sand according to a standardized

procedure,  The amount of expansion of the cavity in the lead

produced by the exploding charge is measured. The expansion

volume 1s a measure of the work of plastickdefdrmation;'which in

turn is found to correlate with the calculated quantity, nRT, of

the explosive,

In the lead block test as described by Gordon,:illustrated

in Fig. 1, some Very interesting results were obtained which

verify Brown's contention that Loth shock effects and expansion

effects should be considered in the rating of an explosive.,  For

- : example, corner fracturing which occurred was not closéely related

to the expansion of the cavity; it dépendedirather,kupcn the
nature of the explosive. = A charge of six grams of an RDY-

tetranitromethane mixture caused corner fractures, although it

)
:

produced a cavity of only 290 cc.v However, ten grams of a TNT-
tetranitromethane mixture do not cause cdrner fractures, aithough
| : the cavity was 596 cc, more than'twice as large, The small charge
of RDX mixture generated a higher intensliiy compressive stress
pulse than the larger charge of TNT mixture. The propoftions used
in the explosive mixtures is not given, however if we compare the
detonation pressures of RDX and TNT, we find that the detonation
pressure of RDX is 337.9 kb and of TNT, 189.1 kb. Since these
pressures greatly exceed the compressive strength of lead, one is

led to believe that the peak stress generated in a material by an
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explosive may be relatéd ﬁa the detonatioQ pressﬁre.of the
explosive and not so much on the dynamic compressive strength of
the material as many people now believe, The larger expaﬁsion
volume corresponds tckthe larger charge., This indicates that the

expension volume is a function of the volume of gas produced,

&%otner result of the Tfauzl test indicates the importance of
confinement. For the standard test the explosive is stemmed with
sand.. ~When thé charge was stemmed with a <close~fitting lead plug,
it took several minutes for’the explosicn gases to escape. The
increase of expénsicn volume over that with sand was about 32
percent. This indicates that the permanent displacement of the
cavity wall is related to the degree of confinement of fhe X~

plosion p%educts.

BUREAU OF MINES: INVESTIGATIONS

The United States Bureau of. Mines hés been studying ex-
plosive coupling for a number of years at their College Park,
Maryland station., They have developed a dynamic strain gage and
a companion amplifier and recording camera (Obert and Duvail,
1949), " The apparatus is désigned to detect and recbrd'the strain
waves produced in rockrgy a nearby explosion, Resistance strain
gages are cemented to cores of the rock which are in turn placed
in drill holes and cemented into place. The tests are made with
a few pounds of explosive and the strain pulse is measured at
points ranging from a few feet to about a hundred feet from the

explosion,

10
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Duvall and Petkof (1939) present~scme results of tests made
with the above described apparatus. Strain pulses were measured
for five different rock types and ten different types of

explosives. Analysis of the data showed that the experimental

peak strain satisfies the exponential decay propagation law;

Wiz = K&‘aﬁ%

where € is the strain in the rock as measured by the gtrain gage;
R, the distahce from charge to the point at which strain is
measured; and W 1s the weight of the charge. The constant K waé
found, for a particular rock, to be a linear functién of the
calculated energy density of the explosive. Also K was féund to
be a linear function of the elastic parameter of the rock, pcz,
fer a particulariexplosive. The decay constant, o, was‘fouﬁd to

be independent of type of explosive but dependent on rock type.

In another series of tests Fogelson et al, {(1959) tested six
explosives in a granlite gnelss, The results showed that the
pefcentage of explosive energy transferred to the rock 1aéreased
Yinearly as the ratio of the characteristic impedance of the
explosive to that of the rock increased toward unity. From five
to nine percent of the calculated total energy released by the

explosive was transferred to the rock as radial strain energy.

Duvall and Atchisocn (1957) discuss data on crater formation

in four rock types. They note that crushing takes place near the

11
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c¢harge hole because of the high amplitude of the straln pulse,

The fracture characteristics of the crater are explicable in terms

of reflection of the pri&éry compression wave at the free surface,
it being assumed that the rock fails in tension. It seems more

likely that this explanation will hold only for hard brittle rocks
where a high ratio exists between compressive strength and tensile
strength but not for a material for which the compressive strength

and tensile strength are nearly equal,

Atchison (1961) studied the ¢ffect on the stréin pulse 4in
rock -produced by varying the explosive diameter and the hole
diameter, This is in aksense a-study of .decoupling. The purpose
of ‘such a study was to determine just- how impért#nt it ié to hévek
the explosive in intiﬁate contact with the rock, In these ex=
periments Atchlison defines the percent of coupiing as the ratib
of charge diameter to hole diameter,  He found thé strain to be
appfoximately proportional to the 1.5 power of the ratio of‘the

charge diameter to the hole diameter,

Atchison and Duvall (1962) performed another series of
decoupling éxperiments involving néarly spherical charges deto-
nated in rock.‘ They were able to explain the results of their
tests in terms éf a simple maﬁhemaﬁical theory. Their mathe-
maticdl model is illustrated in Fig. 2 where R, is the radius of
the chérge; By is the radius of the original hole§ Rg 1s the
radius of the transition zone. The radius R, is considered to be

the radius of the boundary between the inelastic and elastic

sy et

S SRY

S T A




- NAVVWEPS REPORT 7949

. ~QUTER LIMIT OF
RANSITION ZONE

N R ST

, ? ‘ | 13




T e L T P B L O TSR R ER |

NAVWEPS REPORT 70L9

reglons, They assumed that the following laws govern the
pressures and stresses in the three respective regions: in the

cavity

where P, is the detonation pressure of the explosive and ¥is.
the ratio of the specific heats of the explosion gases; in the
transition zone )
- R -a

where ¢ 1s the stiess (pressure) exerted on the cavity wall by
the explosion gases and m is a constant which describes the
stress decay in the transition zone; and in the elastlic or:
seismic zone

R o .
where (To is the stress at the outer limit of the transition zone
and n-is a constant which describes the stress decay in the
seismic zone., This method of analysis may prove to be very use-

ful because it recognizes the existence of a non linear transition

SUMMARY

The meaning which one atfaches to explosive coupling depends. .
on what effect he wishes to study.  In seismic work efficient
couplirg is associated with the generation of a strong seismic
pulse, In mining one is concerned with the breaking of rock so

that both the dynamic shock effects and the éxpansion effects of

14 -
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the gases nust be considered. Both effects are important and

must be consldered 1f cone 1s to undsrstand the processes by

“which an explosive breaks rock,

This report does not discuss all the literature available

on explosive pexformance. However, 1t does include most of

the pertinent literature on explosive coupling which is.readily

available,




NAYWEPS REPCRT 7949

CES REFERRED TO IN REPORT

Atchison, Tﬁsmas C., 1961, The effect of coupling on
explosive performance: Colorado School of Mines
Quart,, v. 56, no. 1, p. 164 - 170,

Atchisocon, Thuomas €., and Duvall, ¥Wiibur 1., 1862, The
effect of decoupling on explosion generated strain
pulses in rock: Fifth Rock Mechanics Symposiunm, :
Univ, of Minn., In press,

Brown, F. W., 1956, Determination of basic ﬁerfcrmance
properties of blasting explosives: Colorado ;
School of Mines Quart,, v. 51; no., 3, p. 170 - 188,

Puvall, ¥ilbur 1., and Atchison, Thomas C., 1957, Rock
breakage by explosives: U, &, Bur., Mines, Rept.
Inv. 5356, 52 p. ‘

Duvall, Wilbur Y., and Petkof, Benjamin, 1959, Spherical
propagation of explosicn-generated strain pulses
in rock: U, S, Bur, Mises, Rept. Inv, 5483, 21 p.
Togelson, David E., Duvall, ¥%ilbur I., and Atchison,
Thomas €., 1859, Strain energy in explosion-generated
strain pulses: U, 5. Bur., MHines, Rept. Inv, 5514,
i7 p.

Gordoan, William E., Reed, F., Everett, and Lepper, Bessie 4,
1963, Lead-block test for explosives:  Industrial and
Engincering Chemistry, v. 47, no, 92, p. 1794 - 1800,

Grine, D, R,, 1959,
~Stanford Research ‘astitute, Poulter Labs,, Technlcal
Report 012,59, 64 p. :

Haskell, Norman A,, 1961, A static theory of the seismic
coupling ¢cf a contained underground explosion: Jour,
Geophysical Research, v. 66, no., 9, p. 2937 - 2944,

Herbst, Roland F., Werth, Glenn C., and Springer, Donald L.,
1961, Use of large cavities to reduce séismic waves
from underground explosions: . Jour, GeOthSICal
Research, v. 66, no. 3, p, 959 - 978,

Latter,; A, L., LelLevier, R. E., %artinelli, E. A., and
ﬁic}v{lllau, Voo Gooy 1861, A method of t,uu\,éalli“g under-
ground nuclear explosions: Jour, Geophysical

Research, v, 66, no. 3, p. 943 - 946,

16

e




UAVWEPS REPORT 7949

Latter, A, L., Martinelli, B, A,, Mathews, J., and McMillan,
W. G.y 01961, The effect ¢f plasticity on decoupling
of underground explosions: Jour. Geophysical
Research, v, 66, no. 9, p. 2929 - 2936,

Murphey, Byron F., 1961, Particle motlons near explosions
in halite: Jour, Geophysical Research,; v. 66, no, 3,
p. 947 - .958,

Obert, Leonard, and Duvall, Wilbur I,, 1 gage an
recording equipment for measuring d; ic strain in
rock: U, 8, Bur. HYMines, Rept. Inv, ¢ 12 . pey

14 pls.




NAVWEPS REPORT 7949

INITIAL DISTRIBUTION

19 Chicrf, Burecau of Naval Weapons
DLI-31 (2}
RAAV (1)
RASV-34 (1)
RM-3 (1)
o= (2)
RMMO-5 (1)
RMMC-512 (1)
RMMO-522. (1)
"RR (1)

RRRE (1)
RRRE=-5 (1}
RSSH-32 (1)

RU (1)
RUME-11 (1)
RUME-3 (2)

RUTC-2 (1)
5 Chief of Naval Operations
Deputy Chief for Air (1)
Operations Evaluation CGroup (2}
0P-55 (1)
OP-721D (1)
3 Chief of Naval Research
Code 10k (1)
Code h29 (1)
Code ‘h61 (1) : :
Air Development Squadron:5, Naval Air Facility, China lLake

1
1 David W. Taylor Model Basin
1 Fleetl Anti-Air VWarfare Training Center, San Diego
1 Raval Air Force, Atlantic Fleet ‘
2 Naval Air Force, Pacific Fleet
1 Naval Air Material Center, Philadelphis
2 'Naval Air Mobile Training, Naval Air Station, Miramar
Naval Air Mobile Training Detachment, %003 Ordnance (1)
Naval Air Mobile Training Detachment, L0O30 Missile (1)
1 Naval Air Station; North Island
2 Naval Air Test Center, Patuxent River (Aeronautical Publications Library)
1 Naval Avionics Facility, Indianapolis (Library)
1 Naval Explosive Ordnance Disposal Technical Center, Naval Propellant
Plant, Indian Head
1 Naval Missile Center, Point Mugu (Technical Library)
1 Naval Ordnance laboratory, White Oak (Cuided Missile Warhead Section)

18




ABSTRACT

U. 8, Naval Orinance Test Station

Some Aspects of Coupling Between kxplosives and
Rocks, by Charles J. Haas and John 8. Rinehart of the
Colorado School of Mines Research Foundation, Inc.
Prepared for NOTS under Cortract N123(6053%0)23585A.
China lake, Calif., NOTS, July 1962. 18 pp.
Report 7949, NOTS TP 2986), UNCLASSIFIED.

(::) c (Over)
2 cards, 4 copies

(NAVWEPS

U Be Naval Ordnance Test Station :
Some Aspects of Coupling Between Exploglveo and
Rocks, by Charles J. Haas and Jonn S. Rinehart of the

Colorado School of Mines Research Foundation, Inc.
Prepared for NOTS under Contract N123(60530)23585A.
China lake, Calif., NOTS, July 1962. 18 pp. (HAVWEPS
Report 7949, NOTS TP 2986), UNCLASSIFIED,

<::) : {Over)
2 cards, U copies

U. S. Naval Ordnance Test Station

Some Aspects of Coupling Between Explosives and
Rocks, by Charles s J. Heas and John S. Rinehart of the
‘Colorado School of Mines Research Foundatiion, Inc.
Prepared for NOTS under Contract N123(60530)235854,
China Lake, Calif., NOTS, July 1962. 18 pp. (NAVWEPS
Report 7949, NOTS TP 2986), UNCLASSIFIED.

<i:> (over)
-~ 2 cards, U copies

Report T9L9, IOTS TP 2986), UNCLASSIFIED.

U. 8. Naval Ordnanue Test Station

Some Aspects of Coupling Between Explosives and
Rocks, bycmwbh . Haas and Jonhn 5. Rinenart of the
Colorado School of Mines Research Fuundation, Inc,
repared for NOTS under Contract N12%(60530)23585A.
China Lake, Calif., NOTS, July 1962, 18 pp. (NAVWEPS

<::> (Over)
2 cards, L copies




NAVWEPS Report T9k9 f ‘>
N

ABSTRACT. This report is a summary of the work
done in the field of explosive coupling.  Generally,
three zones of material behavior aré considered vhen
an: explosive is detonated in contact with a material,
These are the hydrodynamic zone, ‘transition zore, and
elastic zone. In seismic studies the term coupling
refers to methods of decreasing the amplitudes of
seismic signals such as detonating the explosive in

can underground cavity larger than the explosive charge.

The decoupling factor for such experiments is defined
as the ratio of the selsmic sipnal amplitude for a
fully tamped shot to the sipgnal amplitude of a shot
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of the same size in the given cavity. A similar ratio
has been defined for peak particle velocities. When
explosive performance is related to rock breakage both
dynamic shock effects and expansion effects of the ex«
plosion gases must be considered. United States
Bureau of Mines investigators have defined two decoup=
ling factors: the ratio of charge diameter to hole
diameter; and vice versa. They have related the am-
plitude and period of the strain pulse in rock to
these decoupling factors.
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