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FOREWORD

The material in this report was the subject of a presentation made to
the Explosive Safety Seminar on High Energy Propellants at Redstone Arsenal,
Huntsville, Alabama on 12-14 July 1960,
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ABSTRACT

Relationships are outlined which permit the calculation of safe distances for
prevention of propagation of detonation due to fragment impact between adjacent,
potentially mass-detonating systems, for any assumed degree of risk and degree
of acceptor shielding. These relationships permit prediction of probability of
propagation in an existing situation, as well as calculation of necessary changes
in acceptor shielding and/or separation distances for any other degree of toler-
able risk. All that is necessary to develop the specific relationship for a given
situation is knowledge of properties of the explosives involved and geometries of

the explosive systems. A simple method for graphically representing the rela-
tionships is presented.




SAFE DISTANCES AND SHIELDING FOR PREVENTION OF
PROPAGATION OF DETONATION BY FRAGMENT IMPACT

At last year's Explosives Safety Seminar, conducted at the Naval Propellant
Plant, a paper was presented outlining the various phases of Picatinny Arsenal's
Safety Design Criteria program. This work dealt with a consideration of pro-
pagation of detonation by blast effects and by fragment effects. It was possible
on the basis of experimental and accidental data amassed over the years to
establish a distance beyond which propagation would not occur, assuming no
effective missiles were produced by the donor explosion. It was also possible,
on the basis of a good deal of experimental work done in Great Britain and in
this country, to establish a basis on which we could calculate the gross mass-
detonability characteristics of explosive systems (i.e. the possibility of mass
detonation due to fragment impact occurring in cases of adjacent explosive
systems made up of explosive-containing items). In the large majority of the
actual cases calculated, predictions as to mass-detonability coincided with
recommendations for handling given in the Ordnance Safety Manual, these
recommendations being based on experience or incidents which have occurred
in manufacturing or loading plants, and storage depots.

Up to this point the studies relating to detonation by fragment impact were
concerned primarily with development of what may be thought of as an initial
screening procedure for determining whether or not a possibility of propaga-
tion of explosion due to fragment impact exists. For this purpose the severest
conditions were assumed, e.g. no consideration was given to the effects of
distance of separation between the acceptor and donor not to shielding other than
that which the acceptor supplies by virtue of its own minimum casing thickness.
Since the general relationships involved were outlined in some detail at the last
Safety Seminar, I will review them only briefly at this time.

(Figure 1)

Equation 1 permits us to calculate the initial velocity of fragments as a
function of explosive output and charge to casing weight ratio.

Equation 2 gives us the number of fragments larger than mass (m) as a
function of (m), donor casing weight, thickness and inside diameter, and an
explosive constant (B).

Equation 2a gives us the mass of the largest fragment produced by the
donor detonation as a function of donor casing weight, thickness and inside
diameter, and explosive constant.



Equation 3 gives us the boundary velocity, or striking velocity below which no
detonation in the acceptor will occur, as a function of acceptor casing thickness,
fragment mass and acceptor explosive sensitivity constant Ky).

Finally equation 3a gives us the minimum boundary velocity required for detona-
tion of given acceptor by fragment from a given donor as a function of explosive
sensitivity constant (Kf), acceptor casing thickness and the mass of the largest
fragment produced by the explosion of a given donor.

The ratio of V,/ Vbmin (Figure 1) serves as a criterion for predicting the

gross mass detonability characteristics of explosive systems. If this ratio is
smaller than 1, then the detonation by fragment impact will not occur. On the
other hand if this ratio of initial velocity to boundary velocity is equal to or
larger than 1, then there is a possibility of detonation by fragment impact.

1t is the intent of this presentation to go further into a primary objective of
our studies, which is to develop relationships to permit the calculation of safe
distances in terms of probability of high order detonation occurrence or risk of
propagation of detonation by fragment impact at these distances. Having calcu-
lated such probability factors (e.g. striking probability of fragments) we could
then establish design distances depending on the degree of risk, if any, that can
be tolerated, as well as acceptor casing and/or supplementary shiélding.

For the sake of simplicity and convenience of graphical representation of these
relationships was set up, which is shown schematically on the next series of
figures.

The plot presented on Figure 2 is based on equation 4. It relates fragment
striking velocity (V) with fragment mass (m) at any distance from the detonation
source (d) (constant distance lines - d;, being limiting distance at which detona-
tion will occur). Each plot is made for a single value of initial velocity of donor
fragments (Vo). A series of plots like the one presented on Figure 2 can be
prepared for different values of (Vg). The constant (k) iz a function of the pre-
sented area to fragment mass ratio, density of air, and air drag coefficient.

Although it was found experimentally that the (k) value is somewhat higher
for thin cased items than for heavier cased ones (the difference being about
20%) (Ref 1), the variations within each one of these general categories are
comparatively small (Ref 2).

While Figure 2 indicates the velocity of the fragments at any particular dis-
tance from the donor, Figure 3 is a schematic representation of equation 3 which
tells us what minimum velocity a fragment must have in order to detonate a given
acceptor separated from the donor by that distance.



This plot relates the boundary velocity (minimum striking velocity at which a
high order detonation will occur) with fragment mass (m) and acceptor casing thick-
ness (ty) and/or thickness of shielding in front of acceptor charge.

The graph is plotted for a single explosive sensitivity (expressed in terms of
the sensitivity constant (Kf), discussed previously).

When we combine the plots from Figures 2 & 3 as shown on Figure 4 we obtain
useful relationships. Figure 4 relates striking velocity (or boundary velocity) of
a fragment with fragment mass at various distances (d) and acceptor casing thick-
ness (t;). If we now equate the boundary velocity of a fragment to its striking
velocity, it becomes possible to find the minimum effective mass of a fragment
produced by the donor explosive that will cause a high order detonation in the
acceptor charge at any distance from the donor (d) and/or shielding of the acceptor
(t). Therefore, according to equation 2 we can calculate the number of such effec-
tive fragments produced at any distance from the donor charge.

It is of interest to note the limiting case which is shown by equation 4a on
Figure 4. This indicates the maximum distance (dy,) at which propagation by
fragment impact can occur for a given donor - acceptor situation. This is the
distance at which the largest fragment (m,,.) produced by the donor strikes the
acceptor at the minimum velocity (mein) required for detonation. It should be

noted further that in terms of probability of acceptor detonation this is a bound-
ary situation representing minimum probability of acceptor detonation occurrence,
i.e. maximum distance, minimum boundary velocity, and minimum number of
effective fragments (the single largest donor fragment). At greater distances
and/or lower velocities, the probability of acceptor detonation is therefore pre -
sumed to be zero.

We can now consider the general case of reducing design distances from the
limiting distance value (as expressed by equation 4a) and/or shielding thickness
by accepting a certain risk or probability of the possibility of high order detona-
tion occurrence. The probable number of effective hits (i. e. hits which upon
striking the acceptor charge will cause high order detonation) by impacting frag-
ments may be expressed by equations 5 and 5a, Figure 5 (Ref 3), It is seen from
this equation, the probability per unit area is dependent upon the number of ef-
fective fragments (Ny) (obtained from equation 2 previously discussed) and the
distance between the donor and acceptor charges. Included in the equation is a
constant (g), which depends on the spacial angular distribution of fragments.

For most of our purposes a single value of (g) may be used without serious error.
The plot shown on Figure 5 relates the distance between the donor and acceptor
charges (d), shielding (t), and probability per unit area (P/A) of high order
detonation occurrence for a single explosive system. A zero probability curve
(Eo) indicates a relationship between the distance (d) and shielding (t) beyond



which no high order detonation is possible. This line represents the limiting case
mentioned earlier.

The higher the probability level that could be tolerated, the lower the distance-
shielding combination necessary. This relationship permits us, with a fairly
reasonable degree of accuracy, to predict the necessary separation and/or shielding
between two explosive systems at any degree of probability of high order detonation
occurrence. To compose such a relationship (as presented on Figure 5) all that
would be necessary is knowledge of the geometry of the system and the previously
discussed explosive properties relating to sensitivity and output.

The relationships which have been outlined permit one to predict the potential
propagation characteristics of explosive systems, as well as to establish a design
basis for prevention of propagation. A detailed presentation of the relationships
involved and the calculation procedure, as well as illustrative examples are con-
tained in a forthcoming technical report (Ref 4).
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Figure 1.

Schematic Representation of Donor-Acceptor Relationships Governing

Propagation by Fragment Impact.
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d = distance from the donor charge.
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Vas striking velocity of fragment at a distonce. d

Figure 2. Striking Velocity of a Fragment as a Function at Fragment Mass and Distance
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Figure 3.

Boundary Velocity of a Fragment as a Function of Fragment Mass and

Acceptor Shielding.
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WHERE d,, * maximum distance from given donor charge at
which detonahon of gven accepfor is possible.

Figure 4. Minimum Effective Fragment Mass and Corresponding Velocity as a Function
of Distance and Shielding.
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/A = Probable number of effective hifs per unit area.

(N,) = Total number of effective frogments.

(G) = Factor goveming the distribution of fragments.

(D) = Distance between Conor and acceptor charge.

(E) = Probability of high order detonation. occurrence in
the acceptor.

Figure 5.

Probability of Detonation Occurrence as a Function of Distance and Shielding.
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the calculation of safe distances for
prevention of propagation of detonation
due to fragment impact between adjacent,
potentially mass-detonating systems, for
any assumed degree of risk and degree
of acceptor shielding, These relation-
ships permit prediction of probability

of propagation in an existing situation,
as well as calculation of necessary
changes in acceptor shielding or separa-
tion distances for any other degree of
tolerable risk.

All that is necessary to develop the
specific relationship for a given situation
is knowledge of properties of the explo-
sives involved and geometries of the
explosive systems,

A simple method for graphically repre-
senting the relationships is presented.

I.
II.

UNCLASSIFIED

Detonation by fragment
impact -- Prevention

Saffian, Leon W,
Fragment impact

UNITERMS

Safe distances
Shielding
Propagation
Detonation
Fragment impact
Relationshipe
Saffian, L. W,

U A T

—




SIWHIALINN
pedun ypouBery 11
‘M U0] ‘ueiggeg |

uon
-uasazg—pedur Juaw
-3uyy 4q uopeuopq 1

QINAISSVIONN

ssvemenvore.sr000

QILIISSVIONN

"M T ‘ueygeg
sdnsooneoy
pedun yeowSes g
ﬂoﬂdﬂﬁﬁKH
voryeSuedorg
Buproms

%4 31vsvieveseiescenserVor s

(3340)

-1od sdpysuonepar asayy, -Suipperys 1oydedoe jo aaiSap pur
ysu Jo aoudop paumsse Lue 10§ ‘swiayshs wEE:o«w—YmmaE
Ajpenuajod quadelpe usemiaq pedunr jusubery 0y anp uoy
-euojep jo uwoneSedosd jo uonusaaxd ioj saouesip ajes jo
uonema[ed ayy yuuad Prm poutpne are sdiysuonepy

-dnoisy uopiumuury ‘Asojesoqery
SupsouBuy $59001J Y WOIj UMpURIOWSW PIYISSE[OU[)
samBy ‘dd 1z ‘6961 [udy ‘9901 wmpuelowsl [edtuydL

unffog ‘m uooy

"LOVANI INAN

“DVY4 X4 NOLLVNOLAA 4O NOILVOVIOdd 40 NOIL
“NZAZYd HOd ONIQTIIHS ANV SHONVISIA TAVS
Kassof map ‘Ao ‘Jeuasry Auuneory

QN UOISS3IY —————————— ]y

(1340)

-1od sdpysuonepas asayy, -Supperys 03dacoe jo avuSop pue
Ysu jo s0idop poumsse Aue loj ‘surasds Buneuoep-ssews
Arenuaod ‘Jucoelps usomiaq pedun JuouBesy oy aup uoy
-euopp jo uopededoid jo uonuasard 105 saouersp oyes jo
uonsoEd o yuuoad Yorym poutpne are sdrysuopepey
-dnozgy uonnmunuy ‘A10jeioqe]
SupoomBuy ss3001g oyl WOy umpuelGwoWw poyIsSEOUN
samBy ‘dd 17 ‘eo6T [udv ‘990 wnpueiouBY [eOFuPIL
uniffps ‘M uoa]

‘LOVANI ININ

-DVHd A8 NOILVNO.LId 4O NOILVOVdIOHd 40 NOIL
“NIAZHd HOd ONIQTIIHS ANV SIDNVISIA F4VS
Aosnf maN ‘Jaoq ‘[eussty Auupeory

ON uosSIOYy —————————— qqy

1a8ses0se 00 200G 0ss0Ru

AITSSYVIONN

"M 1T ‘uelgeg
sdysuoneray
wedur juowSery
uoneuoIa(y
vonededory
Supperys
SOUEISIp Iyeg

SINHALINN
pedun Juoudery ‘I
"M U0] ‘ueygeg ]

uon

+ -uasdig—pedun Juouw

e

.
ssstssnen
.

-8exy £q wonruopq 1
AATAISSYTONN

esv ®Is.ds8e sseeenee

QIALIISSVIONN

P
sdiysuonepey
pedun juouBer g
uoneuoIe(
vonededorg
Surprorys
SIOUBISIP ofeg

SWYALINN
weduny JusuBery 11
‘M U0 ‘ueypeg I

uony
-ueaarg—pedun Juouw
-Beyj Aq uoneuoRq ‘1

AATJISSVTIONN

1
i

(3940)

-id sdrysuoneppr ssoyy -Juipiarys 103dadoe jo aaiBap pue
Nsu jo 2018ap poumsse Aue 1oy ‘swasds Funeuojap-ssewr
Ajrenuaod quacelpe usamiapq pedun yuowBery oy snp uoy
-vuosp jo uonededosd jo uonusssad loj ssouesip ayes jo
uonemofed a3 yuued Yorym paurpne are sdiysuoney

‘dnorny uonpmumuwury ‘Krojeioqery
SunsomBuy ssa00z Y WOIj UMPUBIOWAW PIJISSE[OU()
samBy ‘dd 17 ‘961 [udy ‘9901 umpueicwaly [EOTUYRAY,

uvfog -p uoag

“LOVINI INIW
~OVHA X4 NOILVNOLIA 40 NOLLVOVI(QUd 40 NOILL
"NIAZHd HOd ONIQTIIHS ANV SIONVISIA F4VS

Aasia] mapN ‘rero(g ‘[eudsiy Auuneory
E———— TN (1355 Y av

4040000000000 ctontessretobLen 00

(#240)

-tod sdrysuonepar asay] -Buipperys 103dacoe jo 23i8ap pue
ysu jo 20uop poumsse Aue oy ‘sulsds Supeuoep-ssew
Ajjenuajed “uaoelpe usomiaq pedun juswBery oy anp uon
-zuojap jo uoneSedosd jo uonuasaid ioj saoueistp oyes jo
uopeopEo o yussd Yorym paurpno are sdiysuoney
‘dnozgy wopumuury ‘Aioyeroqe
SunsomBuyg sso00ag Sy UIGY UMPUBIOWAUI PIJISSE[IUN
'sam3y ‘dd 17 ‘961 1udv ‘pgor ump W [eorgea]
uniffos *m ooy

‘LOVANI ININ
-DVY4 X4 NOILLVYNOLIA 40 NOILLYDVIOUd 40 NOILL
“NIAFHYd HOd ONIATIIHS ANV SIONVISIAd FAVS

Aasxa mapN “wao( ‘feuasty Auunesrgy
"ON OSSOy —————————— qy

YRR E Y YR TR YT R IR R -

.
.
.
.
.
.
.
.
.
.

.
.
.
.

.
.
.

[ R A RN Y N R

T1LIsERIETENEPINELIENIIIINOIRIRIOINIOOTY

R R R ]

-------




aIAISSVIONN

QALAISSVIONN

GQAIJISSVIONN

..........................................................................

‘paussad st sdrysuony
-efx o Jupuesardas Aqpeomydesd 305 poyrews opduns y

"suiisds aasoidxe ayy Jo samowoel pue paspoaur saarsopd
-x3 oYy jo sonuadoud jo o8pemouy st uonenys woald v oy
diysuonepar oypoods aip dopeasp 03 Aressaoou st ®©y gy

SU 3[qRIANO} JO
218ap 1030 Aue 10§ seouwrsip uoneredas 10 Buipparys 103dao
-oe W safueyo A1essa0ou Jo UOHEMO[ED SE [[oM SE ‘uonEn)S
Supspe ue wr wogeSedaid jo Amiqeqoxd Jo uonogpard

..........................................................................

d st sdi n

“wps xp Supwosesdas Afeorgdusd soj pogew oyduns- v
swaysds aasordrs gy Jo saupwosd puw poajoaur searsod
-x 2 jo sansedosd o aSpopmowy s1 uonenys usad € 1oy
diquoyeies ogpeds o dopasp 0y Lressaoou st Jep v

AU SjqeIs[oy jo
22132p 0o Auw 305 saouesip uoneredos 1o Surpjerys 10ydoo
-o% U saFuwyp Aressaoou Jo UORENOMEO SE [[9m ST ‘UORENYS
Supsxe we wr vopededosd jo Aupqeqosd jo uwonorpasd

AIJIJISSYIONN

AITIISSVIONN

QIIIISSVIONN

GIIJISSVIONNA

---------------------------------------------------

pajuasaxd st sdiysuon
-ejo1 a3 Bunussaidar A[peorydesd o poyour syduns y

'swaysAs aarsoldxs ayy jo saupwoad pue pasjoaur saarsoid
-xo ayy jo sarpadosd jo a3pojmouy 1 uonenyis AL ® Jof
drysuoneper oypads ayy dopaasp 03 Aressaosu st ey Iy

ASU QTN jO
2318ap Joi0 Aue 10§ saoueystp uoneredss 10 Jurpiarys s0xdsd
-oe uy safueyo Aressecou Jo uone[NO[Ed SE [[9m St ‘mopEnys
Sunse ue ur uoneledoxd jo Aupqeqord jo uonprpasd Juu

...............................................

‘payuasasd 51 sdysuon
-ear o Supuasasde: Areopydesd soj porpow Iyduns v
£s amsoidra oy jo sanpWed pus paay d

-nooﬁmoszi%mouwvo—ijn_gﬁﬂofﬁ-.hwu
dysuonepe: oywads ay doasp 03 Lressaoou st yeq v

s AqeII0 jo
33180p soqpo Aue sof saouesip uoneredas o Jupjonys sopdeo
-oe uy safueyo A1essaoou JO UOREMOMED sE [[om ST ‘Copenyis
Supspo we m wopededosd jo Aupqeqosd jo wondrpesd yw

evsBer i sserrr e

®ercssosvrescscensnsessvecctossenee

tecssen



P

TABLE OF DISTRIBUTION



oo SO

TABLE OF DISTRIBUTION

Commanding Officer
Picatinny Arsenal
Dover, New Jersey
ATTN: SMUPA-VA6
SMUPA-DP
SMUPA-DD
SMUPA-I
SMUPA-G
SMUPA-V
SMUPA-T
SMUPA-M
SMUPA-DX1

Commanding General

U.S. Army Munitions Command

Dover, New Jersey

ATTN: AMSMU-DP
AMSMU-AP
AMSMU-WP
AMSMU-E

. Commander

Armed Services Technical Information Agency
Arlington Hall Station
Arlington 12, Virginia

Armed Services Explosives Safety Board
Dept. of Defense

Gravelly Point, Bldg, T-7

Washington 25, D, C,

ATTN: R,G. Perkins

Bureau of Naval Weapons

Rm 2134, Munitions Bldg,
Washington 25, D,C,

ATTN: E.,M, Fisher, RMMO-13

Office, Chief of Engineers
ENGMC-EM

Bldg. T-7, Gravelly Point
Washington 25, D, C,
ATTN: G.F. Wigger

Copy Number

1-5

O 3ot

11
12
13-14

15
16
17
18

19-28

29

30

31

R I,



10.

11,

12,

13,

14,

TABLE OF DISTRIBUTION (CONT'D)

Army Materiel Command
AMCAD-SA

Bldg. T-7, Gravelly Point
Wasghington 25, D, C,.
ATTN: W.G. Queen

Logistics Division

Defense Atomic Support Agency
The Pentagon

Washington, 25, D,C.

ATTN: E.L. Taton

OOAMMA (OOYEG)
Hill Air Force Base, Utah
ATTN: N.W, Harbertson

AFIDI (AFIAS-G2)
Norton Air Force Base, California
ATTN: D,E, Endsley

Chief Safety Officer, ALOO

US Atomic Energy Commission
P,0. Box 5400

Albuquerque, New Mexico
ATTN: E.L, Brawley

ED Division

US Naval Ordnance Laboratory
White Oak, Silver Spring, Maryland
ATTN: Wm, S, Filler

Bureau of Yards & Docks
Code E-22,1

Department of the Navy
Washington 25, D,C.
ATTN: O,L, Hudson

Hq USAF, AFOCE-EE
The Pentagon
Washington 25, D, C,
ATTN: J.R, Powers

Copy Number

32

33

34

35

36

37

38

40

R e S i 0 s e, A B AN



15,

16,

17.

TABLE OF DISTRIBUTION (CONT'D)
Copy Number

US Naval Weapons Laboratory
Dahlgren, Va,
ATTN: Jas, Talley 41

National Aeronautics & Space Admin. Hq.
Washington 25, D.C.
ATTN: G.D, McCauley, Code BY
R.A, Wasel, Code MLPS
Richard Schmidt, Code MLO 42

Naval Ordnance Test Station
China Lake, California
ATTN: D,P, Ankeney, Code 3023 43




