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PREFACE . o,

This Seminar is held annually as a medium by which there may be

a free exchange of information regarding explosives safety.

With this idea in mind, these minutes are being provided for

your information. The presentations made at this Seminar do not
imply indorsement of the idea, accuracy of facts presented, or
any product, by either the Department of Defense Explosives Safety

Board or the Department of Defense.

P. F. KLEIN

Captain, USN
Chairman
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WELCOME ADDRESS

Captain P. F. Klein, USN
Chairman
Department of Defense Explosives Safety Board

e

Ladies and Gentlemen L

It is with considerable pleasure that I welcome you to this 15th Annual -
Explosives Safety Seminar. JIa the past, the sessions have been widely -4
acclaimed in the explosives satety cormnunity of the United States aud [ E
sincerely hope that the resulrs of this seminar reflect previous stan- DR
dards, lt is always out purpose to provide professionally stimulating B
and informative material tor these gatherings and the agenda which we &
have drawn up for this vear is iu my view a very good one. 1 am, of '
: course, the recently appointed Chalrran of the Department of Defense
Explosives Safety Board. I look forward tou this as an interesting and
: challenging assipnment and I alsu anticipate meeting and talking
: individually with as many of you as possible during the course ot this
seminar and my tour as Chairman. [ would also like to particularly
we lcorie several of our professional friends from oth- 1 countries:
Australia, bracgil, Canada, France, Genmany, and the United Kingdom.
Before proceeding with the formal apenda of the meeting, let me
, introduce the designated members of the Explosives Satfcty Doatd -
L Froin the Department of the Avmy, Mr., Walter U, Queen - Departrment of
‘ the Navy, Captain J, N, Howard - and the Department of the Air Force,
Coionel J. P, Huffman, Jr, I also have a newly assigned Department of
the Army representative oun the Secretariat - Colonel Philip G. Kelley,
and | am expecting the assignment of an Air Force officer to the
Secretariat in the weeks ahead.
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A NeW AFPROACH TO EXPLOSIVES SAFETY

Honorable Arthur I, Mendolia
Assistant Secrecary of Defense (Installations & Logistics)

Ladies and Gentlemen

I appreciate the opportunity to speak to you today at this 15th Annual
Explosives Safety Seminar. I am told that as many as 600 of you have
participated in the various technical sessions of this Seminar the last
two days. This is truly an amazing number, and by far the largest group
which has ever attended. I am particularly pleased with this interest
because the accideunts of the past year, with which I am sure you are all
familiar, are certainly cause for us to look carefully at our past pro-
cedures, and to minutely examine all facets of explosives safety.

Too often in such introspection we tend to look only at a minute listing
of procedures and to refine the smallest details uf our actions while
neglecting the overall aspects of what we do. Today I want to suggest

a new approach to explosives safety -- cne which would change not the
details, but our whole concept of production and use.

What is this approach? The same one industry is now using -~ the saie
thing that is replacing dynamite -- almost has replaced dynamite as a
commercial explosive., It is ammonium nitrate. And if I detect a few
sighs or grimaces at that suggestion, let me assure you that I could
list without much thought a large number of objections to the use of
ammonium nitrate as a military explosive. We all know the objections,
but let’s look at it differently -- let's say, “What if we could use it?"

Consider our ammunition plant modernization program. A program approaching
S billion dollars with possible expenditures of one-half billion dollars
a year.

To appreciate the size of this program, one must realize that it is
alinost twice the original cost of all of our Government-owned, contractor
operated plants, which were built in World War II., It is approximately
half the total replacement value of these plants today.

A substantial nortion of the total program is involved with upgrading
the production lines of explosives and the acids needed for those lines.
The mix of explosives manufacturing capacity is based on our projections
of need considering the preferred fills, mostly TINT and RDX, for our
future munitions, and some acceptable alternatives to these so-called
preferred fills.

Preceding page blank 3



This concept, that there are acceptable alternatives to the preferred
explosives, has in itself resulted in very large savings over the costs
of building plants that would completely meet all of our requirements
with preferred explosives, and it allows a broadening of the production

base with some increased reliance on industry which would not.be possible
octherwise,

These are very desirable results. Other extremely fortunate results of
the modernization program are the increases in safety achieved and the
reduction of pollution.

But, think what we could do if we used ammonium nitrate. I estimated

the other day that we could build a 500,000 ton per year ammonium nitrate
plant tor 10-12 million dollars. From billions down to millions. And

we might not even have to build plants., Ammonium nitrate production
capacity is probably in excess of our total needs for the next several
vears right now,

But, you are here to discuss safety -- not plant capacity or dollars as
such -- and ammonium nitrate is safe. Safe to produce -- safe to transport =--
safe to use, '

Safe to transport -- yes., The explosive gel is usually made by mixing
ammonium nitrate with another nitrate, such as sodium and a sensitizer,
And in commercial applications, they are not mixed until its time to use
them., We need not bring explosives to the job site -- we bring non-
explosives in tank trucks and mix them in a portable manufacturing plant
as they are poured down the hole. No magazines to build and guard. No
explosives at all on the site, except what is in the holes.

Mi“itarily? Well, could you imagine mixing the explosive and putting it
in the bomb just before you put the bomb on the airplane? Would you
consider shipping bulk non-explosive materials to a theatye such as
Vietnam and manufacture the explosive on site? We did have some accidents
in Vietnam, and we did lose ammunition to enemy attack when it contri-
buted to its own destruction. Suppose it had not been able to explode
until we wanted it to explode.

What about after it is mixed? How safe is it then? By almost any test --
drop, fire, high speed bullet -- ammonium nitrate is 10 to 100 times

safer than TNT or RDX, or a number of other explosives. You know it is
that safe and you know that that is why it is replacing dynamite. Now

it 15 probably not so absolutely safe that you gentlemen would let us
throw out the table of distances but, if we don't have to mix it until

we need it, our total explosives storage requirement would be so far
reduced that almost the same effect would result. And, with land costs
what they are today, one acre that can be dropped from a safety zone

and put to other use may be worth many thousands of dollars.
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[ seuse that yon may not be satisfied unless I list some of the objec-

tions to ammonium nitrate that have caused it to be rejected as a standard
military explosive, '

Shelf life -- as now mixed, the best shelf life we could expect would be _—
2 or 3 years.

Also, its very safety derives from the fact that it is difficult to
detonate -- a military liability certainly.

lts detonation rate is low and, therefore, fragmentation effects are less
than desirable.

a
It was formerly thought to be undetonatable in small diameter sticks and
small caliber munitions.

It is perhaps 10 percent less effective in producing blast than our
preferred explosives.,

But, are these objections valid and, if so, are they insurmountable?

I think not. In the past two years, many advancements have been made in
the use of ammonium nitrate -- such as detonating in less than one inch
sticks -- formerly thought impossible. Is 10 percent less blast effect
unacceptable when we can afford to produce one and one-half to two times
as much of it as of other explosives -- perhaps yes -- if the delivery
system is the governing factor, And perhaps the low fragmentation effect
is also a valid argument against, right now,

But we have improved shelf life. We have improved detonability. Can we
speed up detonation rate? Can we improve blast effects?

Today, ammonium nitrate is almost acceptable as a military explosive.
It would just take a little more work to make it acceptable.

And, gentlemen, what if it were ok? What if we could use it?

Think about how easy it would make your job., We could eliminate explosive
accidents in transportation. Think how easy that makes the task of the
regulatory agencies, establishing transportation standards. Think how

the public be.u::fits in increased safety and less cost.

Think of the taxpayer dollars saved -- not only in reduced plant cost --
but in production costs which make ammonium nitrate only two-thirds as
expensive to produce as TNT. And as a correlary, remember -- reliance
on a Government-owned plant that is very expensive to maincain through
long periods of non~use is inherently less desirable than reliance upon
an easily converted privately-owned production capacity that would
operacve at a profit producing other materials when not needed for
munitions. The benefits could be really amazing.

(2]



The questions that come after "what if we could?" are '"can we?' and
“should we?"

With those benefits, should we not. Should we not indulge in the

research and study and the testing to overcome these problems? Suppose

we spent 10 to 20 million dollars on research to improve it to the point
of acceptability -- and saved the cost of a half billion dollar TNT plant
by so doing. We would then be efficient Govermment administrators besides
advancing the cause of safety.

The question I raise today is, "Are you who represent this money, this
effort, this time -- are you directing your energies toward the right
idea? Should you instead of looking for ways to make handling our
explosives safer, be looking for a safer explosive?" Ammonium nitrate
is one -- there might even be others.

I am sure that not all of you agree - but, pleasc, don't leave here and
say, "That fellow Mendolia gave a speech extolling the virtues of ammonium
nitrate, and everyone knows we can't use that.' Everyone may know we
can't -- but ladies and gentlemen -- what if we could?

Thank you,



ESKIMO II AND FUTURE PLANS

R. G, Perkins
Department of Defense Explosives Safety Board
Washington, D, C,

The Department of Defense Explosives Safety Board has for several years
been engaped in a program of evaluation and veritication of the explosives
safety standards published by the Secretary of Defense. Heavy emphasis

in this program has been placed on reducing the separation distances
required between magazines.

At the seminar last year we presented a film report, ESKIMO I, on this
program which summarized a test of standard doors and headwalls of steel
arch magazines.,

The second major test in the current series was executed in May of this
year. We think, again, you will be interested in a complete film report
which described the technical details and the results, (showed film)

As described in the movie, the ESKIMO II test left us with some useable
capital assets, Figure 1,

In spite of the overloading of the doors and headwalls, all of the steel
arches in the test array were in excellent condition,

tad we used acceptor explosives in the control igloo, it might have been
destroyed. Pressure measurements have shown that the blast loading on
the control igloo was somewhat more severe than on the west igloo, where
some of the acceptor explosive charges burned, Figure 2.

The oval arch test structure in this layout was built to the full leng:h
of our standard igloos - 80' - in order tc permit an eventual test of it

against lateral blast loading such as might be expected from a maximum
event ia a parallel igloo of the same size.

Because of the number and position of remaining arches in the area we
were also able to design a test in which we could expose several addi-
tional headwalls to a suitable donor charge for further evaluation of
the Board's intermagazine distance tables,

The test, planned for early in the firut quarter of 1974, will look 1ile
this in the near field area, Figure 3.

It is built around the principal target, or acceptor, the oval arch
igloo. A new donor and a new acceptor igloo will be constructed parallel
to the _oval arch., The three igloos will be separated by 88 feet:

125WL/3 for 350,000 pounds of high explosives.
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The two new igloos, each eighty feet long, will be of a type not
previously included in tests sponsored by the Board but recommended by
one of the Military Departments for counstructi on economy reasons., The
arches will consist of deep corrugated l4-gage steel instead of one-gage
structural plate required for this size structure in present standards,
Figure 4.

The present DoD igloo separation standards are based upon a presumption
that the earth cover rather than the structural strength of the arch is
the most important factor in limiting the risk of communication between
adjacent arch type magazines, Figure 4.

A donor charge of 350,000 pounds of triteonal in 750-pound M117 bombs will
be used, Figure 5.

Bombs wil. be stacked in accordance with the Department of the Army
standard plan for this item in its usual palletized storage configuration.

The size of the donor charge is large enough to justify extrapolation of
the results to the current limit for high explosive magazines. Also the
tritonal filler and charge-weight ratio >f these bombs are such that the
Tesults can be applied to our "real world"” storage problems with a high
degree of confidence, By contrast, the ESKIMO I event was somewhat of an
undertest because it used TNT in 155mm projectiles, an item with a very
low charge to metal ratio. The results thus could be used with confidence
only with items having a similarly low charge to metal ratio, Figure 6.

The major emphasis in ESKIMO III will be to:

a, Evaluate the oval steel arch at the standard side-to-side
spacing of 1,25W1/3,

b. Compare the light weight, deep corrugated stcel arch with it and
with the previously tested steel arch of cylindrical shape, and thus

¢. Further examine the importance of earth cover versus arch strength
in limiting communication,

Secondary magazine exposures will be at acceptor positions shown to
subject various headwalls and doors to the effects of detonation of a
full igloo at or near the minimum permitted distances, Figure 6,

Acceptor C affords an opportunity for a direct test using the improved
single-leaf sliding door on a sound, existing specimen of the standard
headwall for the steel arch magazines, The exposure will load the door
and headwall obliquely at very nearly the 2,75W1/3  distance now
specified in the standards for side to front exposures. The oblique
orientation should reduce the severity of the exposure but it is
difficult to tell how much with certainty.

11
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§cccptor D will be a similar test of the standard steel arch magazine

in the vregion where 1.25W1/3 would be permitted despite some degree of
line-of-sight exposure of donor and acceptor headwalls., It is nearly

at the dividing line of orientation angles at which the distance of
2.75W/3 becomes applicable. A success at this exposure which is
actually at about 2,55Wl 3 would increase confidence in the standard and
perhaps permit some further relaxation., at least on a special-case basis.

Acceptor E is a barricaded front-to-front exposure of ctwo igloos at 3,70W1/3
for the 350,000 pounds of explosive contained in the donor charge. The
current DoD standard for this situation is 6Wl/3, This orientation was
tested in ESKIMO I with failure at 2Wl/3, The test of a separation midway
tetween 2W1/3 and the untested 6Wl/3 will evaluate whether the possibility
exists of a worthwhile reduction of this standard distance for igloos and
for substantial aboveground magazines or hardened operating buildings

as well, Figure 7.

Because of the size of this event and the major importance it has with
respect to magazine design, special instrumentation will be provided.

Incident peak pressure will be measured in front of each acceptor igloo
at the ground level, Reflected peak pressure and impulse will be
obtained from face-on gages set in the headwalls of each acceptor igloo.

A row of surface gages will be emplaced to measure the incident peak
pressure over the earth on the oval arch igloo and Acceptor A which is
to be used for comparison, Acceleration and displacement measurements
will be made within these two igloos in order that, if they fail, the
rapidity of failure can be used to estimate whether there would have
been a risk of explosion communication to explosive contents.

We don't plan the use of explosive acceptors in ESKIMO III because
preservation of the damaged structures for detailed physical examination
appears to be of greater value than the simple "go,'" 'no-go'" indication
that explosive acceptors would yield, Figure 8,

ESKIMO ITI will expose the window boxes and comparable automobiles to the
igloo explosion at similar scaled distances to those used in ESKIMO II.

Both U.S. and NATO inhabited building distance.
Both U,S. and NATO public traffic route distance.

The most distant set of window boxes will be positioned at 1% times NATO
inhabited building distance, rather than twice as in ESKIMO II, because
of the lack of damage which occurred in that test.
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Based upon customary cube root scaling predictions, we feel that this
additiovnal exposure of the windows and autos should be a valuable adjunct
t2 the test series. The donor charge is large enough to represent the
eflects of almost any credible accident we might expect, except perhaps

a full shipload in a harbor,

This afternoon one of the specialist sessions will be devoted to further
di scussion of the design of these tests and some of the detailed data
derived, We can consider a few questions at this time. These matters
will, however, be discussed at greater length in this afternoou's
specialist session on this subject.
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PRELIMINARY REPORT ON THE MODELRNIZATION OF THE NAVAL QRDNANCE
PRODUCTION BASE & APPLICATION OF THE HAZARD & RISK ANALYSIS TECHN1QUE

i
N
b

A g L ‘q}um

J.0. Gill, NOSC, Crane, Ind.; J. DeGiovanni, Hercales Inc.,
Cumberland, Md.; J.R. Cerone, A.T. Kearney, Inc., Chicugo, 111.

il

INTRODUCT ION

The Naval Ordnance Systems Command is embarking upon a comprehensive
program to modernize and upgrade existing ordnance production facilities,
most of them constructed during World War I1. The first project to be in-
itiated under this program is the modification of an existing cast explosives
plant at Naval Ammunition Depot (NAD), McAlester, Oklahoma, to handle all
Department of Defense (DOD) bomb loading and/or other large item cast load-
ing. Ground breaking for this project is scheduled to occur in the near fu-
ture, Another project in the program is the Western Demilitarization Facil-
ity to be constructed at NAD, Hawthorne, Nevada, which will not only demili-
tarice ammunition, but will also reclaim most of the explosives and certain
hardware for reuse and will reclaim scrap metal and other material for re-
sale, Ground breaking for this project is scheduled shortly after the first
of the year.

i
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A group of projects, labelvd Investment Program - 30, is included in
the overall NAVORD modernization program. The Investment Program - 30 was
initiated about five vears ago hy Naval Ammunition Production Engineering
Center (NAPEC) and generated hundreds of projects command-wide. These
projects thus far have been reduced to 133 with a total estimated cost of

$150 million and include offices, pilot lines, containerization, etc,
'
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To round out the definition of the NAVORD modernization program, a con-
tract was awarded last November to A. T. Kearney, Inc., in assouciation with
the Ralph M. Parsons Company, Arthur D. Little, Inc., and Hercules Incorpor-
ated to perform a comprehensive engineering study of NAVORD production fa-
cilities. This paper covers the scope, technical approach, and preliminary
B ‘o results of this study and includes a hazards risk/cost analysis performed on
: - one of the production facilities studies, the 20mm line at NAD, McAlester,
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The NAVORD Modcrnization Study encompasses ten ficeld activities (NAD's
Crane, Earle, Hawth rne and McAlester; WPNSTA's Charleston, Concord, Seal
Beach and Yorktown; NOS Indian Head; NAVTORSPSTA Keyport), 96 ordnance items
ranging from small detonators to large end items, and approximately 55 pro-
duction facilities associated with these items., With the exception of certain
production facilities at Naval Ordnance Station (NOS)/Indian Head that are
: involved in propellant manufacturing and processing, all production facili~
: ties related to the ordnance items being studied are engaged in 1oad and
assemble (L&A) cperations,
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TECHNICAL APPROACH

Problem and Objectives

Most of the production facilities at the ten field activities were built
in the early 1940's. With few exceptions, the manufacturing technology and
existing equipment represent the state-of-the-art as of 1940 or earlier, The
production equipm nt was operated intensively during World War II, again dur-
ing the Korean cunflict, and recently for the Southeast Asia hostilities,.
Much of this equipment and a portion of the housing structures, ancillary
facilities and utilities have been operated beyond their designed capacities
and life expectancy. Some o the production equipment in current use was
obtained from deactivated NDOD installations and was already badly worn when
relocated, Many of t.e equipment manufacturers no longer exist, and replace-
ment parts for the equipment are not available.

The NAVORD Modernization Study directs a specified level of technical
effort at the modernization of selected production facilities and not at the
field activities per se, The overall objective of the modernization study
is es follows: "To update the production facilities at naval attivities
under the commanc of the Naval Ordnance Systems Command in order to achieve
a modern production base, capable of responding rapidly and efficiently to

fleet munitions requirements,"
Guidelines for Modernization Study

To fulfill this objective, several requirements were spelled out, in-
cluding the following:

(1) Incorporation of the latest, proven state-of-the-art meth-
ods, equipment, and applicable industrial practices,

(2) Maintenance ~f product quality,

(3) Minimizing explusive and personnel hazards in the produc~
tion facilities,

(4) Abatement and control of environmental pollution,

(5) Reduction of product costs.
(6) Optimum, economical use of existing land and facilities.

(7) Appropriate dispersal of processes and facilities.

(8) Provision of a multiplicity of compatible uses in a
given facility.
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(1)
(2)
(3)

Allocation and privrity implementation models were developed for the
study which consider such factors as the following:

Effective production capacity
Pollution abatement

Economic return

(4 ﬂ.TransporLation costs

()
6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)

(14)

-
End-item priority

Product quality

Cperation costs

Energy requirements
Personnel safety

Industrial protection
Production time availahility
Manpower requirements
Community vuctvachment

Investment costs

Modernization Study Plan

An evaluation of environmental factors for each mudifred facility and
the preparation of Environmental Assessments tor sclected major projects are

included in the study.

The new production plant concepts that are being developed will feature

several innovations such as the following:

(1)
(2)
(3
(4)
(5)

(6)

Computer-controlled operations
Process monitor control
Automatic inspection

Bulk explosive handling

Bulk aluminum handling

Driverless tractor conveying systems

21
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(7) Modular concepts applications which will allow:

(a) Several ordnance items to be produced on a
given line

"= - (b)) Variable capacities
(c) Reduced injury and damage

(3) Hands-off materials handling systems

An economic analysis will be performed in accordance with Naval Facili-
ties Fngineering Command Handbook P-442 and Secretary of the Navy Instruction
7000.14, The primary measure will be the savings to investment ratio. A
20-year economic life for production equipment and buildings is to be con-
sidered with a production scenario as follows:
(1) 3 years at peacetime rate
(2) 3 years at wartime rate
(3) 7 years at peacetime rate

(4) 3 years at wartime rate

(5) 4 years at peacetime rate

PRELIMINARY RESULTS OF MODERNIZATION STUDY

Preliminary economiz findings to date for all modernization projects
being proposed in the study are shown in Table I.

TABLE 1

PRELIMINARY ECONOMIC FINDINGS

Discounted
Total Nonmodernization Modernization Savings
Investment Costs Costs - 20 Yrs -
All Proposed $126,450 $73,019% $53,431 $141,987
Projects
*GSHA /PA 8,348
*Upgrade to Code 41,965
*Add Capacity 22,706
(Values in $1,000) - >
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In addition to meeting all OSHA, pollution abatement standards and

other codes, the modernization program will greatly enhance the safety en-

vironment in the Navy's production plants by reducing the number of person-
nel required. A preliminary report indicates that the total number of oper-
ators that would have to be employed to meet specified production rates dur-

- ing mobilization would be reduced from 4,413 to 2,074, a reduction of 2,339

or 53%. 1In addition, ten waivers and exemptions out of 13 that apply to

existing production facilities studied would be eliminated by implementation
of the proposed modernization projects.

Safety features incorporated into these projects include;
(1) Remote controlled operations

(2) Process monitor-control

(3) Use of shielding and barricading

(4) Demand-type explosive materials supply *

(5) Dust collection devices

(6) Anti-static devices

A hazard and risk analysis technique that was developed by Hercules In-
corporated is being employed in the NAVORD Modernization Study. This tech-
nique was extended jointly by A. T. Kearney, Inc., and Hercules during the
study to provide for quantifying, in terms of comparative costs, the hazards
inherent in the operation of production facilities of competing designs.

The remainder of this paper contains an illustration of the application of

this technique to the existing and proposed 20mm production facilities at
NAD McAlester,

It should be noted chat the results of applying this technique have not
been fully validated. NAVORD takes the position that these results provide
valuable guidance in the design of ordnance production facilities but that the
probabilities of incidents and other numerical results may not be wholly accur-
ate in an absolute sense. The technique is much superior to a subjective
treatment of conventional sensit ‘vity test results,
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HAZARD AND RISK ANALYSIS

Objectives a~d Advantages

An innuvative feature of the modernization study is the quantitative
Hazard and Risk Analysis which can be applied to the existing and modernized
facilities. The use of this analysis makes it possible to quantify hazards
and thus provide the data base for comparative quantitative analysis between
the existing and the modernized production facilities, Engineering design
criteria can also be provided before design commitment beceuse material re-
sponse test data, expressed in engineering terms, establishes the maximum
critical operating parameters. Other benefits that can be derived from a
quantification of hazards involve optimization of safety, cost and produc-
tivity through tradeoff of maintenance or modification costs.

Example - 20mm Production Facility

Existing Facility

An example from a portion of the study that has been completed can
be considered to convey the methodology and summarize the results, The 20mm
production facility has been chosen for presentation because it is a pro-
duction line that. has been completed at this time,

The existing 20mm facilities are located primarily in two buildings
at the Naval Ammunition Depot, McAlester, Oklahoma, By today's standards,
the facility is antiquated, and it requires high maintenance costs to keep
the worn equipwent operating, The production of 20mm ammunition on the WW II
semi-automatic machinery requires a significant amount of manual labor, re-
sulting in considerable persounel exposure to potential hazards. As shown
in Figure 1, several types of projectiles, including the APLI, HEI, and tracer
rounds, are loaded in the existing 20mm projectile loading operations in
Building 161. Loaded projectiles are transported to Building 162 (see Fig-
ure 2) where cartridge assembly takes place. Other operations performed
in this building are powder screening, primer insertion, and pack-out. Much
of the material handling occurs in and between Buildings 161 and 162.

Modernized Facility

By contrast, the planned modernized facilities incorporate appli-
cation of the latest manufacturing technology and state-of-the-art equipment.
Improved material flow for all Loading and Assembly operations is located in
one building with separate back line-type buildings for bulk smokeless powder
screening and s pply and for pelleting. Since the production system is con-
tinuous flow &' "hands-off," except when product design will not permit
automation, a total labor reduction of 67% can be achieved, Hazard reduction
is achieved through improvements in operating parameters, reduced exposure and
lower powder accumulations.
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Figure 3 shows the proposed modernized production facility. Inert
cartridge and projectile parts from both ends of the building flow toward
the center where projectile loading and cartridge assembly take place. Pro-
pellant powder is fed into the operation on demand from the supply building.
All explosive operations are performed remotely.

Hazards Analysis Methodology

The hazards analysis methodlogy employed for the modernization study can
be expressed simply as a quantification of process potentials and explosive
material response to provide incident probabilities, a comparative quantita-
tive analysis, and engincering design criteria.

The powder screener conveyor subsystem of the modernized facility (Fig-
ure 4) which automatically dumps and screens powder and supplies it to the
loading machine, on demand, via roller and belt conveyor, can be employed
to illustrate the hazard and risk methodology used for the study, The method-
ology was applied identically to both the existing and the nodernized pro-
duction design. ’

Problem Definition

The first step in the progressive type of analysis used was problem
definition., In this step, data are collected on a fact sheet (Table II1) to
identify critical areas in the process where combustibles are present (Col-
umn 3, Table II) and where initiation could occur (Column 2, Table II). Po-
tential initiation modes found in the system, such as impact, electrostatic
discharge, and friction (Column 4, Table II), are identified, Other mech-
anisms include thermal particle impingement, free fall, etc.

Engineering Analysis (Determination of Process Potentials
and Material Response)

The engineering analysis phase extends the problem definition by
measuring or computing process potentials and expressing them in common
engineering terms for each of the critical areas identified during the prob-
lem definition, The data fact sheet (Column 5, Table II) shows the inclusion
of the potentials in engineering teims for each of the critical areas iden-
tified during the problem definition.

With the in-process potentials defined, it then becomes possible to
establish explosive material response test limits and conditions which simu-
late the process condition. By determining the material response of the ex-
plosive materials in the same engineering terms as the process potential
(Column 6 of Table II), the basis for quantifying the hazard of the process
is developed.

27

|
|

|

bl i

'

e T

(
ik

= |
-

3
=

Mol 50 2l Sl o ) b s i

i sl el

El

e I

ol R b b ) i




=

bl s

| MODERNIZED
20mm PROJECTILE and CARTRIDGE
LOAD | B
ASSEMBLY BUILDING o

wmert Storage Primer HEI Projacing inert Storage Monitor =
Cartridge Caset Pachout |n|-vlmv-_mombly Peojectiley Control - ==
N A - .

[y . A .
B [STTR]
. ' ..l.'
1 ’ ] re -
: A o . [
A 1
Cartendge
\ D

AP! Projectus B
Assambly A Y

H
N
St i e it

Smokeless Powder Supply

Figure 3

ool

28

al

doi kel




v

-
-

. BT TS BT s e WJ‘WWM

20MM SMOKELESS POWDER
SCREENING SYSTEM
.
' CONTROLLED RATE
b Teeveon  Tweor oy
r& D POWDER ! )
R VIBRATMNG FEEDER X LIVE

WITH MAGNETIC ROLLER

DETECTOR /. \
YVIBRATING ’ *
SCREEN L
LIVE TR
/ROLLER ;."
DY - . . :
THLS (e
EMPTIES o s ﬁi“
ESCAPEMENT FILLED CONTAINERS
éToPe j I T0 CARTRIDGE
YIBRATOR . ASSEMBLY
LOAD CELL/
Jo50#

Pigure 4

29

|
|
|
I 1

' l
e e st s ARG s

s bl

e sl ol il kbl 50 0 e el kbl e i




TABLE II

HAZARD EVALUATION SUMMARY ' 3

) (2) (3 (4) (5) ____(6) ) 3
POTENTIAL =
STATION INITIATION COMBUSTIBLE INITIATION MODE PROCESS MATERIAL | INITIATION
NO. HAZARD POTENTIAL | RESPONSE |PROBABILITY =
M0 IMPACT - OPERATOR DROPS E
163 | CONTAINER DUMP UNIT |PROPELLANT | POWDER CAN LID 11 Fr.Lenn? |6 FT LenN2 10
M0 ELECTROSTATIC DISCHARGE -
154 | AUTO SCREEN UNIT PROPELLANT | DURING POWDER FLOW IF 01 JOULES | .08 JOULES 1 x 103 ’
NO GROUNDING :
M10 FRICTION - CONTAMINATED 25.000 65.000
154 | EXIT CONVEYOR PROPELLANT | CONVEYOR BEAHINGS PSI & PSI @ 1x 109
1 FT/SEC 1 ETISEC e
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The materials tested in the 20mm modernization study were: tetryl,
M- 10 propellant, two incendiary compositions, and tracer matcrial, By
simply comparing the process potential and material response, the safety mar-
gin can be found, In practice, however, both of these parameters show a
range of values about some normal distribution., Figure 5 shows how the proc-
ess potential upper limit could overlap the initiation energy lower limit,
If this overlapping is found to exist, it must be determined how often this
occurs and the probability of initiation. Figure 6 shows a probability or
probit plot for M-10 propellant for friction initiation at a velocity of 1 ft/
sec. As frictional pressure is increased, so is the probability of initia-
tion. The probability distribution is also illustrated by the upper and lower
confidence limits placed on the data. The upper limit process potential for
a contaminated roller bearing is 25,000 psi at 1 ft/sec (Column 5, Table II).
From the probit plot, it can be seen that the initiation probability at .
25,000 psi is 1074, :
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Figure 7 illustrates the dependence of friction initiation pressure
on the velocity of components sliding against each other. Higher velocities :
require less pressure for initiation than lower velocities. The velocity- -
pressure slope varies with the material. In fact, some materials show no E
slope at all. (Refer to Figure 7 for the slope for tracer material,)

With initiation defined, fire and explosion probabilities can be de- E
termined. This fire probability is determined by visually observing initia-
tion results during laboratory testing. Subtle decomposition levels are de-
tected using sensitive gas analyzers, whereas energetic reactions require only
the senses of the test operator,

il

v

ot ot i

Explosion probabilities are derived from a comparison of bulk con-
tainer geometry and transition test results for stored materials in hoppers,
chutes, shipping containers, etc. Figure 8 shows that there is a relation-
ship between container diameter and height. At small container diameters,
the critical height-to-explosion is low while larger container diameters ex-
hibit higher critical heights to explosion.

[

Use of these data can be demonstrated (Figure 9) by considering what
happens in an open container when a flame source is available. If the ma-
terial height in the container exceeds the critical height, an explosive re-
action will result, Material heights below the critical height will result
only in burning or in no reaction at all.

oo bl

Hazards Evaluation

With the definition of initiation established and the probability
distribution of the test results clarified, the hazard evaluation can be con-
ducted by comparing the process potentials to the results of material response

31
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tests. This comparison is illustrated in Column 7 of Table II. Safety mar-
gins can be computed from the ratio of the material response to process po-
tentials., However, as discussed later, determining the initiation probabil-
ity is more useful to the overall analysis,

To briefly summarize the results of the hazard evdaluation of the
20mm facilities, analysis of the existing facilities revealed eight opera-
tions and : “entification of 49 process potentials, with some operations show-
ing high 1aitiation probabilities. These findings agree with historical data
which show frequent downtime and some equipment damag~. However, with the
use of individual work station barricading, serious personnel injury and major
equipment 1lnsses have not occurred. In contrast, the modernized facilities
show improved incident probabilities and personnel exposure. The most sig-
nificant bencfit, however, is the establishment of quantitative design cr’-
teria for the modernized facilities.

To consider the overall probability assessment, it must be recog-
nized that initiation probability is only one parameter. To compute the over-
all incident probability, other factors, such as event probability, contami-
nation probability, fire probability, explosion probability and the number of
cycles for each operation, must be considered as shown in Equation (1):

TIp = Ep b CP p 4 IP x Fp X Rp x Cycles (1)
where TIp = Total incident probability

Ep = Event probability

Cp = Contamination probability

Ip = JInitiacion probability

Fp = Fire probability

Explosion probability

Government and industrial data banks for human and component failure rates and
laboratory testing provide the necessary inputs for this analysis.

Use of Hazard Evaluation Results

Once the incident probability has been developed, the system cost can
be factored in terms of egstimated personnel and equipment losses. This method-
ology for computing the expected loss for both the existing and modernized
facilities results in a comparative analysis based on cost. All system costs
using this methodology are then summed to yield a total dollar figure for
both the existing and modernized facilities so that a comparison can be made.
The expected annual loss value for the modernized system ($73,000) shows a
significant improvement over that of the existing facilities ($150,000).

An output of the probability analysis is a source engineering design
criteria. This output is based on maintaining an incident nrobability of 10-6
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over an operating span of one year and solving the probability equation for
the initiation probability (Ip) as shown in Equation (2).

10-6 {Incident Design Factor)

I, = En x C, x Fp x Rp Cycles (2)
For example, by ‘ng in some typical values [Equation (3)]

I - iv (Incident Design Factor) 3)

P 0.33 x 1076 x 1 x 1 x 1 x 3000 Cycles

and solving for I, (Equation (4)], we can compute an i{nitiation probability
of 10°2 based on the 1076 design factor,

I, = 0.01 = 1072 (Initiation Probability) (4)

As shoun in the probit plot of Figure 10, for a probability of 10'2,
the engineering design value is 41,000 psi at 1 ft/sec. This is essentially
the calculation from & probability based on the 10-6 design factor used to
develop the engineering design criteria, This has been done for all opera-
tions and materials, and Table III illustrates a portion of the design cri-
teria that were generated for the 20mm study.

To demonstrate use of these data, a design criterion of 41,000 psi
at 0.2 ft/sec was determined for the volumetric feeder for the assembly machine
(Figure 11). This criterion {s applicd to the frictional surface between
the rotating drum feeder and drum housing. This, then, is the maximum limit,
not to be exceeded, if tuae 10-6 design factor is to be maintained., Other pa-
ram2ters, such as materials of construction and the drum rotational speed,
can also be traded off.

Optimization of Safety, Cost, and Productivity ’

Another use for probability data can - cited. Tradeoff studies
can be performed during the detailed design f se to optimize safety, cost,
and productivity, These tradeoffs could be based on either maintenance or
modification costs as depicted in Figure 12, For example, the expected loss
of the system as a function of a clean-up maintenance interval can be com-
puted and the role of production and labor costs can be defined, Figure 12
shows that as the maintenance interval increases (that is, less frequent
maintenance), the production and maintenance labor costs decrease because of
less frequent downtime. However, the expected losses due to an incident would
increase as a tvresult of infrequent cleanup. By combining these curves, an
optimization curve as shown in Figure 13 is obtained that isolates the optimum
maintenance interval, If the probability at optimum cost does not meet a
predetermined design factor, then the graph shows that a lower, more acceptable
probability is avaiiable at some predictable sacrifice in cost, In this way,
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a decision maker is provided with the optimization of risk versus cost so
that he is better able to accept his design or to lool for other methods :
of improving risk,. T

SUMMARY

This preliminary report shows that modernization of the overall Naval
Ordnance Production Base can significantly improve overall operating costs,
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MODERNIZATION OF AN AMMUNITION LOADING FACILITY

sl bl i i

by

C. R. Goff
Day & Zimmermann, Inc.
Texarkana, Texas

Members of the DOD Explosive Safety Board and guests, this
session is for the purpose of discussing Modernization of an Ammuni-
tion Loading Facility at lone Star Army Ammunition Plant, a GOCO
plant operated by Day & Zimmermann, Inc., located near Texarkana,
Texas. T-is modernization proposal was initiated some six years ago
and was the first approved under the Army's Five Year Modernization
Program.

As this was the first program of its kind, there were many'
obstacles to overcome. Clear-cut guidelines had not been established,
and it soon became apparent that our previous method of appointing one
Project Engineer to coordinate efforts would not be effective. A Pro-
jects Department, Engineering Division, was established, comprised of
specialists in Industrial, Safety, and Production Engineering. Subse-
quently, we have added Technical writers and a Chemical Engineer in
the interest of Pollution Control. At present this department assem-
bles and coordinates efforts on some 26 projects, totaling an esti-
mated 185.4 million dollars in value, for the Production Base Support
Program.

Not all of these projects are funded, and some are not
scheduled for funding until 1981. The correspondence and paper work
required for Modernization is somewhat staggering, which leads one to
think that Mclernization could well afford some streamlining itself.

A brief survey of the files on the first modernization project at Lone
Star revealed there are 771 pieces of correspondence, totaling in ex-
cess of 2,000 sheets of paper, directed to higher authority seeking
approvals on everything from site location to pushing the first start
button. This does not include the hundreds of drawings, the numerous
conferences held at Lone Star, APSA, MUCOM, and Picatinny, the tele-
phone calls, and the teletype messages. Becoming acquainted with
your District Corps of Engineers' likes and dislikes, do's and don'ts,
is another story I will not indulge in at this time. Briefly,
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gentlemen, what I am saying is that Modernization does not come
easy, but it can be done. If you are associated with an Army
instaliation and have such ambitions, I strongly recommend you
acquire the following regulations and documents for guidance.

1.

2.

3.

9.

10.

11.

12,

13.

AR 700-90 -~ Army Industrial Preparedness
Program
AR 37-13 - Financial Administration Economic

Analysis of Proposed Army Investments

AR 385-6 - Safety Requirements for New Con-
struction and Major Modifications

MUCOM 385-6 - Safety Requirements for New
Construction and Major Modifications

MUCOM 11-16 - Army Programs - Economic
Analysis of Proposed USAMUCOM Programs

MUCOM 11-5 - Army Programs - Production Base
Support Programs

MUCOM 18-13 - Management Information Systems -
Facility Management Information System

MUCOM 385-22 - Safety Hazards Analysis

AMCR 385-100 -~ Safety Manual

Federal Register, Vol. 37, No. 202 - Occupational
Safety and Health Administration (OSHA)

APSA 700-9 - Control of Self-Amortizing Equipment
Purchases

APSA 715-12 - Procurement Preparation and Sub-

mission of Exhibit P-15, PEMA Provision of
Industrial Facilities Justification

TM 5-1300 - Structures to Resist the Effects of
Accidental Explosions
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This first program at Lone Star was for the Moderni-
zation of Area R, and at the time we were producing some 2-1/u4
million Black Powder Cannon Primers a month, using antiquated
equipment, most of which had been in use since World War II. Our ~
prime objective was to eliminate, where possible, personnel expo- '
sure to vast quantities of Black Powder being processed in con-
gested work areas. In addition, we had to reduce the cost of
production in order that a reasonable amortization of expenditures
could be realized. Our Mobilization Schedule at the time was
4-1/4 million Frimers a month on a 3-8-5 basis. We set as an ob-
jective a facility that could produce this amount on a 2-8-5 ba-
sis and amortize within 5 years. This otjective could only be
met with machines that were yet undesigned to replace the numer-
ous hand operations and with mechanical conveying of materials.
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There are numerous commercially available conveyors,
and our only real problem was selecting the ones most suitahle
for our needs. Our Engineering studies projected that we could
eliminate 76 employees, the third shift, and reduce man-hour unit
cost by .00743, The total cest of the Project was $5,833,638,
about 1/2 for building construction and the other L1/2 for equip-
ment, installation, and engineering. Rased on the Mobilization
Schedule and present unit cost savings, this amount would be
amortized in 4.8 years.
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An aerial photograph of Area R prior to Modernization.
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This
R in white and the new mcdernized area depicted in black.

Reading from left to right at the top:

1.
2,
3.
“'

5.

Reading from left to right on the L .,ttom:

1.
2.
3.
4.
5.

is an isometric view of both the old section of Area

Change House and Bomb Shelter refurbished and air
conditioning added.

Bldg. R-32 - Black Powder Receiving Building.
Bldg. R-35 - Dry House and Heater House.

Bldg. R-36 - Black Powder Receiving Building and
Service Magazine.

Bldg. R-38 - Primer Loading and Assembly Building.

Bldg. R-1l1 - Interior modification.

Bldg. R-41 - Primer Head Storage Magazine.
Bldg. R-40 - Paint House.

Bldg. R-u44 - Paint House.

Bldg. R-43 - Packout and Shipping Building.
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This is a material flow chart in the modernized section
depicting the powder receiving building, upper left; load and as-
) sembly building and pack and ship building, upper right. The upper
z lines indicate the Black Powder conveying systems and the lower
) lines show both the inert material conveyor and the finished pro-
v duction flow to the packout building.

) : The powder receiving building has two TM 5-1300 walls ;;
i B designed to withstand the effects of 2,000 pounds of Class 7 bulk E
i Black Powder and are 4 feet thick. '

The load and assembly building has four powder loading :
cubicles utilizing 12 inch TM 5-1300 walls which are effective 7 -3
personnel shields for 50 pounds of Black Powder. Also, the bays
are separated using the same walls.

The packout and shipping building has one TM 5-1300 wall ,
designed for 3,500 pounds of Class 3 packaged explosives and is .
3 feet, 6 inches thick.
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This picture shows the early construction of the powder
receiving building. These are the TM 5-1300 walls designed for
2,000 pounds of Class 7 explosives.

The following pictures show a comparison of the old me-
thol of primer loading versus the new automated system.

This picture depicts the old hand inspection method for
flash holes presence in the primer body. The body is placed over
a series of vertical pegs, and a series of horizontal pegs are
pushed through the body to be assured of the proper number and lo-
cation of flash holes. This is a 100% critical inspection require-
ment. The bodies are subsequently paper lined and lacquered manually.




In the new method, the machine in the center foreground
automatically performs the critical inspection for flash holes, It
was designed and developed by Day & Zimmermann. The holes are elec-
tronically counted, and rejects are automatically ejected through
the two holes in the aluminum guard. The machine is adaptable to
the various sizes of primers and is capable of inspecting 28,000
bodies per shift. Acceptable bodies are conveyed to and automatical-
ly paper foiled, lacquered, and dried in a spiral conveyor in the
machines as seen to the right.

This is the old method of transferring powder to the
loading hopper. I do not believe further explanation is necessary
other than the can contains 25 pounds of powder, and the steps
lead to a cecond floor. The powder was received by hand truck
from the magazine.
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Pcwder is now received by Cartrac Conveyor from the maga-
zine some 300 feet away. It is automatically and remotely dumped.
An ultrasonic device is used to maintain desired powder level in
the hopper.

The powder is dispatched by an employee from the service
magazine on demand as indicated by the signal and control board
shown above. The light indicating low powder level is actuated by
the ultrasonic sensing device referenced in the preceding caption.




As shown in the preceding control panel picture, reading
from top to bottom, the lights indicate powder presence in hopper,
low powder level in hopper, carrier in transit, carrier at dumping
._station, station in bypass, carrier dispatching controls, key
switch resets, system readiness indicators, including conveyor
clearance control for returning all carriers to the service napa-
zine, for each of the four individual loading cubicles. This
picture was taken during construction; hence, the missing bolts
in the cover.

The old manually fed Black Powder volumetric loader is
pictured above. After loading, the primers are passed through
the wall to the assembly bay as seen on the right. This is the
type of operation that automation eliminates completely, pre-
cluding the possibility of injury as it is performed remctely in
the new system,

. e ok iae &




E
4
E |
]

g

" »u\\uyh\M L ‘\ s

s

w‘\

This is the new Day & Zimmermann designed Black Powder
Loader. There are ten air operated slide loaders, each of which
can be izdividually adjusted for proper weight. These loaders
can be quickly modified to dispense the correct powder weight 3
for all known primers. The loader is located within 12 inch TM
walls for 50 pounds of explosives and is completely remote.
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This is the old primer head placing, torque, and crimp !
machine. The parts are hand fed and removed -- another instance 3
of personnel exposure to explosives.
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This is an overall view of the new automated assembly sys-
tem. In addition to assembly, automated inspection stations replace
visual and hand methods. Rejects are automatically detected and all
stations are shielded. Tests were made for propagation and shielding
prior to final design.

This is the new inert material receiving and storage bay.
All materials are dispatched on call by carrier. This is the same
type Cartrac Conveyor as used in the Black Powder supply system.
The emptyv carriers are returned from the bays and stored on the up-
per level. They are lowered as needed on the elevator in the fore-
sround for loading in the lower level and are automatically conveyed
to the location raquesting the supply. A light panel sipnaling




system similar to the powder supply is used except for manuel zcti-
vation. In the center foreground is ancother elevator where “he
loaded carriers are raised to the overhead conveving tracks.

N

Finished production is transferred from the load and
assembly building for the packout and ship building by overhead
Cartrac Conveyor. (Picture taken during construction.)

This is the packout bay of the shipping building.
Wooden boxes are received by the spiral conveyor on the right.
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3 The shipping bay utilizes an extendable belt conveyor.
It is reversible and will extend up to 22 feet into vans. A micro
] ; limit switch attached to a bar extending across the end prevents
i £ ramming into doors, vans, etc. Z
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I might mention one or two further points of interest.
: The total cost of the program was, as stated earlier, $5,833,638,00,
. The original estimate and funding was 6.1 million dollars. This al-
) lowed us to return about $300,000 to the Govermment.

Also, prior to purchasing the four assembly systems, we
- installed a prototype in one of the old buildings for proving and
: debugging. This system has been in operation for over a year and
: has far exceeded our expectations. The original 8-hour production

rate was projected for 16,000 primers per shift. We have produced
: 28,000 in one shift and are presently averaging 21,000 primers per
: shift on this one machine.
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AREA E MODERNIZATION

i

At this time I would like to briefly touch on an additional
modernization project. This is the first phase of a 2-phase moderniza-
tion program in progress at Lone Star. We are presently funded 2.8
million dollars for the automated assembly of 105MM shells in Area E.
The melt pour portion of the program is scheduled for funding in
Fiscal Year 197S.

In the process of obtaining approvals on Safety Reviews, Ha-
zards Analysis, etc., it was determined that two new TM 5-1300 walls
rated for 5,000 pounds of Class 7 explosives would be adequate to modi-
fy an existing building for our needs. In order to install these walls
it was necessary to remove two old 12 inch reinforced concrete walls.
The removal of the walls was accomplished by explosive demolition. The
destruction of the two walls was done over a period of two weekends, at
times when no production operations were in progress in the area, to
avoid personnel exposure. This was, of course, a precuationary measure;
however, we found these precautions were really not necessary. In fact,
the walls were destroyed, and light bulbs and windows within 20 feet of
them were not even cracked. This can be attributed to the method used.
T'» walls were blasted in a series of shouts using small amounts of ex-
pl.:sives, approximately 1/4 pound, in holes drilled on about 36 inch
centers. Heavy steel matting was placed over the walls to confine the

fragments,

The following pictures were taken during the construction of
the TM walls. These walls are 5 feet, 8 inches, thick, and are suffi-
cient for 5,000 pounds of Class 7 explosives.




The preceding picture is of the steel reinforcement in the
wall footing. The large bars are 1-1/4 inches in diameter. The width

of the footinpg is 20 feet. Spot welding is allowed for grounding pur-
poses; otherwise, all joints are wire tied.
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This picture was taken at the completion of the third pour.
The total weight of steel in one wall is 37 tons.
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This picture shows the fifth pour form with other forming

removed., Overall height of the wall is 22 feet, 3-3/8 inches. Total E
weight of concrete is 668 tons.
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4 MODERNIZATION OF AMMUNITION PACKAGING

by

Charles S. Skinner T T
DESIGN and DEVELOPMENT, Inc.
A Subsidiary of BOOZ, ALLEN & HAMILTON, INC.
8801 East Pleasant Valley Road
Cleveland, Ohio 44131
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1. INTRODUCTION

Under sponsorship of Frankford Arsenal and as a part of the Small
Caliber Ammunition Modernization Program (SCAMP), our firm is developing
(i a Small Caliber Ammunition {7.62mm) Packaging Submodule System to ve
installed at the Lake City Army Ammunition Plant, Independence, Missouri.
The system is to receive three (3) primary products, as illustrated in Exhibit [,
Figures 1, 2, and 3. They are:

-

Cartridge, 7.62mm, NATO, Ball M80,
Cartridge, 7.62mm, NATO, Tracer, M62, and

Link, Metallic Belt, M13.

Each of these primary products is to be received in a cisarrayed buik .
configuration and processed at any selected rate between 200 and 1200 parts
per minute, excluding rejects. The completed product leaving the Submodule
is a palletized unit ready for stora~e or shipment. There are four palle: pattern
configurations which the system i: equired to complete, threz of which are
illustrated in Exhibit II. The fourtnu configuration is witk the M548 metal
container stacked in two layers.
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EXHIBITI
7.62mm Linking and Packaging
Submodule Primary Products

Figure 1 - Cartridge, 7, 62mm,
NATO, Ball MBO

Figure 2 - Cartridge, 7, 62mm,
NATO, Tracer Mb2

Figure 3 - Link, Metallic Belt
Ml13
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Wirebound Crates Stacked

in Four Layers
Stacked In Single Layer

EXHIBIT 1I

7.62mm Linking and Packaging

Submodule Completed Pallet

Configurations
Wirebound Crates
Stacked in Three Layers
M548 Metal Containers
With Dunnage
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2. SUBSYSTEM FUNCTIONS

The overall Submodule System is comprised of twenty (20) distinct
subsystems, as illustrated in Exhibit Il. The function of each subsystem
is outlined in the following paragraphs.

(1) Link Feed, Orient and Inspect Subsystem

The functions of the link feed, orient and inspect subsystem
entail receiving the M13 link in bulk rather than in the current
twenty (20) link cartons, as iliustrated in Exhibit IV, Figure 1.
With an annual procurement of 880 million links, it is anticipated
that bulk packaging will result in a oae (1) million dollar annual
savings to the government. As illustrated in Exhibit IV, Figure 2,
links are dumped into a bulk hopper and distributed between eight
(8) feeder bowls. The singulated and oriented links are merged
onto two. (2) link conveyors where they are inspected for hardness,
using eddy current instrumentation, and dimension. The dimen-
sional check is to be accomplished by an optical scan tu assure:

Open, unbent loops
Properly located detent
The defective links are rejected from the subsystem and the

acceptable links are transferred into an accumulator, still main-
taining orientation, ready for transfer to the Linking Subsystem.

i

bl i 5 i i, i it il

(2) Cartridge Orient and Feed Subsystem

The function of the cartridge orient and feed subsystem
entails receipt of ball and tracer cartridges in a disarrayed bulk
corifiguration, orienting the cartridges, and feeding them to the
linking machine for intermix and insertion into the links. At the
time of publication of this paper, a cartridge feeder design has
not been selected, however, several concepts have been developed.
There are several cartridge case feeders available, which are
primarily the centrifugal type. One is illustrated in Exhibit V,
Figure 1, which is capable of feeding at a rate of 600 cases per
minute. A new concept developed by us incoi1porates a Shufflo
unit, currently used for feeding cylindrically shaped food products,
as illustrated in Exhibit V, Figure 2. The system concept is
illustrated in Exhibit VI.
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EXHIBIT IV
Link Feed, Orient and
Inspect Subsyatem

Figure 1 - Current M13 Link Packaging Method -
Twenty {20) Links per Carton in Oriented
and Assembled Configuration
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Figure 2 - Elevation View of Link Feed, Orient and
Inspect Subsystem
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EXHIBIT V
Cartridge Orient and
Feed Subsystem
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Figure 1 - Currently Available Centrifugal Cartridge
Case Feeder
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Figure 2 - Shulflo Unit For Feeding Cylindrical Objects
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(3) Cartridge Intermix and Linking Subsystem

LR

Ball and tracer cartridges are intermixed in two distinct
ratios:

£ - - 4: I' Ball-to-Tracer for 100-round belt
: functional packs

9: 1 Ball-to-Tracer for 750-round belts

A demonstration "star wheel" model for accomplishing the
4: 1 ratio is illustrated in Exhibit VII, Figure 1. It is capable of
feeding four (4) cartridges from an infeed chute and leaving a
void for insertion of the tracer by a similar wheel. The ball
cartridges are transferred to a pocketed conveyor from the
"star wheel", leaving every fifth pocket empty for insertion of
a tracer. The completely filled and intermixed conveyor ready
for linking is illustrated in Exhibit VII, Figure 2. Links are fed
to the same pocketed conveyor, adjacent to the intermixed car-
tridges, from the accumulator of the link feed, orient and inspect
subsystem. The links are fed in the nested, or assembled configu-
ration, as illustrated in Exhibit VIII. The cartridges are then
pushed axially into the assembled links, forming a continuous belt.
This entire operation is accomplished on a continuous basis. The
intermix "star wheels" can be interchanged to accomplish both
the 4:1 and 9: 1 ratios. The continuous belt is subsequently
conveyed to the linked belt inspection and separation subsystem.

(4) Linked Belt Inspection and Separation Subsystem

The three (3) subsystems previously discussed arc being
developed by our firm at our facility in Cleveland. The linked belt
inspection and separation subsystem is being developed under a
subcontract with Battelle Memorial Institute. The subsystem, as
illustrated in Exhibit IX, receives the continuous belt from the
cartridge intermix and cartoning subsystem and performs the
= following inspections:

Inspects for proper depth of insertion of the
cartridge with the linked belt.

Performs a twenty-five (25) pound pull test

to test for soft or malformed links. Should the
belt break under a twenty-five (25) pound pull,
the system stops.
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EYHIBIT VII
Ball and Tracer Cartridge
Intermixing

"'Star Wheel'' Demonstration Model For Feeding
Ball Cartridges In Groups of Four (4) Leaving
A Void For Tracer Insertion

Figure 2 -

Completely Filled Pocketed Conveyor With
Intermixed Cartridges For Linking
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EXHIBLT VI

Linking Operation
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EXHIBIT IX
Schematic Diagram OI Concept
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Optical inspection for soft, stretched, or
frozen links, as illustrated in Exhibits X
and XI. Frozen links are those with a tight
center loop which do not allow the belt to
freely flex.

Optical inspection presence and position
of link detent.

The continuous belt is then separated into discrete lengths
of either 100 or 750 rounds, depending upon their corresponding
ball-to-tracer intermix ratios. Should any of the inspections
yield a faulty link-to-cartridge assembly, the entire discrete
belt is rejected for rework, however, the type of the defect shall
be accounted for and the location on the belt shall be marked.
These concepts are currently under test using experimental
apparatus, as illustrated in Exhibit XII. Subseguent to belt
separation, the Submodule line splits into two (2) packaging
lines. One (1) for the 100-round belt, and one (1) for the
750-round belt.

(5) 100-Round Belt Folding Subsystem

This subsystem is also being developed under the same
subcontract by Battelle, and is designed as a part of the previous

subsystem, as illustrated in Exhibit XIII. The approach to 100-
round belt folding incorporates the folding bar concept. as
illustrated in Exhibit XIV. This entails placing the straightened
bar over the bullet ends of a straight belt, folding the bar at the
articulated joints, and thus the belt in the proper manner, as
illustrated in Exhibit XV, Figure 1.

(6) Cartoning Subsystem

The 100-round folded belt shall be transferred to the
cartoning subsystem and inserted into a carton, as illustrated
in Exhibit XV, Figure 2. This subsystem shall be an off-the-shelf,
intermittent motion, horizontal-transfer type cartoning machine,
¢ s illustrated in Exhibit XVI.

D) Bandoleer Insertion Subsystem

The completea carton is subsequently inserted into a M4
bandoleer and the straps wrapped around the functional pack for
insertion into the M19A] metal container, as illustrated in
Exhibit XVII, Figure 1.




+
E

T Ny e

1 WA Tk A Y

IR U ST R

EXHIBIT X
Concept For Inspecting Ammunition
Belts For Tight Or Loose Links
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EXHUBLT XII
Continuous Linked Belt Inspection
And Separation Test Apparatus

Figure 1 - Continuous lLinked Belt
Inspection Test Apparatus
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Figure 2 - Qptical Inspection Disc
Using Diode Array
Inspection Camera

Figure 3 - Belt Separation

Test Apparatus
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EXHIBIT X1V
Folding Bar Concept

Roller bearings

Folding bar trolleys (8 required) [=f1 Ittj
/-_ r. - /4///// R
N D G | IR B IRURE RN O

Hollow spindle for and
cartridges of the folding
pattern

Bar for tail end ——e . v
Detail of alternate hinze

design
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EXHIBIT XV 2
Folded 100-Round Belt -
For Functional Pack o
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Figure 1 - Foided 106-Round Belt
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EXHIBIT XVI
Cartoning Subsystem
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EXNIBIT XVII
Functional Pack Insertion
Into M19A1 Metal Containers

Figure 1 - 100-Round Belt Functional Packs
In M19A1 Metal Container

Mipure 2 - Completed and marked MI19A L
Metal Container
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(8) MI12A1 Metal Container Packing Subsystem

The completed functional} ks are transferred to this
-.-subsystem where two (2) are inse (ed into the M19A 1 metal
container, illustrated in Exhibit XVII, Figure 2. The subsystem
receives the metal containers, unlatches and opens the covers,

E : inserts two (2) functional packs, and closes and latches the cover.
; (9) MI19A1 Metal Container Marking Subsystem

! The completed M19A1 metal container is subsequently

1 transferred to an off-the-shelf marking machine, as illustrated

in Exhibit XVIII, Figure 1. The M19A1 containar is marked on the
top and side, as illustrated in Exhibit XVIII. Figure 2. The marked
containers are subsequently transferred to the crating subsystem.
At this pointin the line, metal containers from two (2) additional
lines shall be merged, however, not i1 the pilot submodiile system.

(10) Crating Subsystem

With the potential output of two (2) additional M19A1 metal
container packing lines merging prior to this subsystem, the
crating machine must operate at a rate anywhere between 200 to
3600 rounds per minute. It shall operate on a demand basis,
cycling at a rate of 4.5 crates per minute. The crating subsystem
shall perform the following operations:

Wi WP WTTTI T AR T.

Receive M19A1 metal containers with the latches
leading in groups of four (4},

Gl e i e

Alternate the latches end-for-end and assemble the
four (4) containers side-by-side, as illustrated in
Exhibit XIX, Figure 1,

4 . Insert separatc s and assemble end fillers and
3 crate ends,

Transfer assembled unit and set on crate development,

] . Fold crate development around assembled unit to
near-closed configuration, and

Transfer near-completed crate to an off-the-shelf crate
closing machine for completing crate closure.




EXHIBIT XVIUI
M19A1 Metal Container
Marking Subsystem
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Figure 1 - Off-the-Shelf Marking Machine
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EXHIBIT XiX
Crating Subsystem
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This subsystem is also being developed by Battelle under a -
subcontract. A layout of the crating subsystem is illustrated in
A Exhibit XIX, Figure 2. The completed crate is subsequently con-
veyed to another marking subsystem for marking the top, end, and
side. This same marking subsystem shall be used for the 750-round
*relt pack, and shall be described in a subsequent paragraph.
Returning to the output of the linked belt inspection subsystem, the
750-round belts are diverted to the 750-round belt packing line.

QI

i b

(11) 750-Round Belt Folding Subsystem

L L Mrﬂ‘x‘m i

The 750-round belt shall be folded as illustrated in Exhibit XX.
Whereas the design of this subsystem has not yet been initiated, the

most promising concept for this operation is the festoon approach, as
illustrated in Exhibit XXI.

o bl kbl

(12) Corrugated Sleeve and Separator Insertion Subsystem

Cardboard separators are inserted between every other layer ;
of folded belt and the entire folded unit is wrapped in a corrugated
sleeve, as illustrated in Exhibit XXII.

(13) M548 Metal Container Packing Subsystem

Two (2) completed corrugated sleeve packs, as illustrated in
Exhibit XXIII, Figure 1, are inserted in a M548 metal container. This
subsystem receives the containers, unlatches and removes the cover,
inserts two (2) sleeved 750-round belts, and replaces and latches
the cover. At this point in the submodule system, the two (2) packing
lines merge for the subsequent marking operation.

(14) Crate and M548 Metal Container Marking Sibsystem

bl e, o il

Both the wirebound crate and the M548 metal container require
markings on the top, side and end, as illustrated in Exhibit XXIV.
Both are sufficiently similar in dimension that a single off-the-shelf
marking machine, as illustrated in Exhibit XXV, can perform both
operations with tooling changes. This includes changing the inking

systems because the crate requires black markings and the M548
yellow.

bt o i il

P
2 ., o WLl

(15) Inspection and Car Seal Application

Tkris station shall incorporate a manua! inspection for the
integrity of the pack and quality of the outside markings. The
inspector shall manually apply a seal 1o both the wirebound crate
and the M548 metal containers.
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EXHIBIT XX
Folded 750-Round Belt
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B Festoon Belt

: Folding Concept
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Z EXHIBIT XXII
Corrugated Sleeve and Separator =
Insert Subsystem E
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Figure 2 -Completed 750-Round Sleeve Pack :
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EXHIBIT XX1V
Marking Requirements For
Wirebound Crate and M548

Metal Container

Figure 2 - M348 Metal Container Markings
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(16) Crate Inversion

The pallet pattern for the wirebound crates calls for the
bottom laycr of crates to be placed on the pallet with the tops of
the M19A1 metal containers orieuted downward. This gives
added stability to the completed pallet load. Therefore, the first
nine (9) crates to be stacked on pallet shall be inverted. All
crates shall, however, be conveyed through this station in order
to maintain their long-axis direction of flow to the subsequent
palletizing operation. The M548 metal container shall not be
conveyed through this station, but shall undergo a 90 degree
reorientation so as to enter the palletizer in the short-axis
a‘rection of flow

(17) Palletizing Subsystem

The palletizing subsystem, as illustrated in Exhibit XXVI,
is a standard of.-the-shelf palletizer. The four (4) different
palletizing configurations shall be accomplished through a
punch tape control, whereby pallet configurations are changed
merely by inserting the proper mylar tape. All four load con-
figurations are palletized on the standard MUCOM 40 x 48 pallet.

(18) Horizontal Strapping Subsystem

The horizontal and vertical strapping subsystem comprise
a standard off-the-shelf strapping machine. They must be
separated, however, because the M548 metal container pallet
patterns require dunnage be applied after horizontal strapping
and before vertical strapping.

(19) Dunnage Application

The dunnage application operation is currently programmed
to be a manual operation. It can be automated at a later date without
much difficulty if it proves to be cost-effective.

(20) Vertical Strapping Subsy.tem

The vertical strapping subsystem shall apply straps over the
dunnage of the M548 pallet loads and directly over the vertical
strapping of the wirebound crate palle* configurations. A typical
off-the-shelf strapping machine is illustrated in Exhibit XXVIl. This
1s the last subsystem in the Submodule System. The completed
pallets are discharged onto a roller conveyor where thev shall be

removed by a lift truck, or conveyed directly to a plant storage area.




EXHIBIT XXVl
Palletizing Subsystem
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EXHIBIT XXV1 : B
Palletizing Subsystem
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FEASIBILITY WORK PRIOR TO SUBMODULE SYSTEM INTEGRATION

(1) Linked Belt Inspection and 100-Round Folding

A feasibility study and test apparatus was developed by
Battelle Memorial Institute for inspecting and folding discrete
100-round belts, as illustrated in Exhibit XXVIIl, Figure 1. This
has subsequently been redefined as a continuous operation with
Battelle participating as a Subcontractor in the development of these

‘two subsystems.

(2)  Metal Container Opening and Closing

Battelle performed a feasibility study and developed test
apparatus for opening and closing the metal container for 5.56mm
ammunition, as illustrated in Exhibit XXVIII, Figure 2. The con-
tainer is almost identical to the M19A1l, which enables us to
incorporate that technology into the Submodule System.

(3) Crating

Battelle alsu perfurmed a feasibility study and developed
test appararwus for automatically crating the 5.56mm mctal containers,
as illustrated in Exhibit XXVIII, Figure 3. The 5.56mm crate is of
similar design to the 7.62mm wirebound crate, even though 1t contains
only two (2) metal cuntainers. DBattelle is participating as a Subcon-
tractor in the development of the Crating Subsystem for the Submodule
System.

(4  Cartridge Intermix and Linking

Design and Development, lnc. performed a feasibility study and
built an engineering model for the cartridge intermix and linking
operation. The model performed up to a rate of 1700 -rounds per minute
where its highest required rate was 1200-rounds per minute. The
feasibility model is illustrated in Exhibit XXIX. Design and Development,
Inc. was subsequently awarded the prime contract to build and install
the pilot Submodule System at the J.ake City AAP.

ASSOCIATED AMMUNITION PACKAGING DEVELOPMENTS BY
DESIGN AND DEVELQPMENT, INC.

Design and Development, Inc. has performed other developmental

ammunition packaging assignments for both Frankford and picatinny Arsenals.
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EXHIBIT XXVILI
Battelle Feasibility Work

Figure 1 -« Discrete 100-Round
Belt Inspection and
Folding Feasibility
Apparatus

AR, L

Figure 2 - Metal Container Opening
And Ciosing Feasibility
Apparatus

Figure 3 - Crating Apparatus
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(1) 5.56mm Cartoning System

A program was conducted to prove the feasibility of
cartoning 5.56mm cartridges at a rate of 1200 rounds per minute.
The program resulted ia prototype system. as illustrated in Exhibit
XXX, which exceeded the 1200 PPM required rate. System functions
included feeding separators from a hopper, filling the separators
with cartridges, and inserting the filled separator into a carton.

(2) 5.56mm Clipping System

This assignment entailed clipping ten (10) rounds of 5.56mm
ammunition at a rate of 1200 PPM. The system which was developed
to perform this operation, illustrated in Exhibit XXXI, demonstrated
the operation of diverting ten (10) cartridges, from a continuous
in-feed, into the proper configuration for inserting the clip. The
mechanical system performed successfully at the required rate.

(3) Automatic Propellant Increment Closing System

This program was conducted to demonstrate the feasibility of
automatically closing filled increment bags for the 155mm, 175mm. and
8-inch propellant charges, by sewing. The system developed, illus-
trated in Exhibit XXXII, incorporated an industrial sewing machine
mounted on a carrier which traced the correct contour of the seam.

(4) Automatic Propellant Increment Filling System

A production system for automatically processing the increments
for the 155mm, 175mm, and 8-inch propellant charges was developed
which included receiving the empty propellant bag from vencor packaging.
introducing it into production so as to receive the premeasured propellant
charge, filling the bag with propellant, closing the bag by sewing,
inspecting the closure, check-weighing the completed increment, and
diverting reject increments from the system. The program entailed the
design, fabrication, and testing of working models to prove the feasi-
bility of selected concepts. Other total system consideraticns included
the engineering analysis of operations; reliability, maintainability, and
human factors assessments; estimation of prototype and live moduie
costs; and estimation of manufacturing cost reduction. The selected
system concept is illustrated in Exhibit XXXIII.
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Figure 1 - Overall Cartoning
Systens

Figure 3 -« l.oaded Separator
Insertion Into Carton
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EXHIBILD XXX

Desipn and Hevelopment, Inc.
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Design and Development, Iac,
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EXHIBIT XXXIII
Design and Development, Inc,

Automatic Propellant
Increment I'illing System
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(5) Automatic Assembly, Inspection and Packaging
Propellant Charges

This packaging assignment entailed assembling completed
propellant increments. inspecting the completed charge, and auto-
matically packaging the charges in metal cannisters. Various
engineering models were developed, as illustrated in Exhibit XXXIV,
t> demonstrate particular functional areas of the system. The charges -
were for the 155mm, 175mm, and 8-inch projcctiles.

(6) System to Load Pad and Core Type Igniter Charges

A feasibility and experimental verification program was
conducted to design and develop a concept to automatically load
the core and pad type igniter charges for the 155mm, 175mm, and 8-inch
propellant charges. The operaticns to be mechanized for the pad type
igniter included intrcducing an empty pad with propellant bag into
production; transferring a premeasured amount of 1gniter powder to
the fill funnels; blowing the contents of the fill funnel into the pad:
closing the pad by sewing; sewing the pad closure to the propellant
bag; check-weighing and inspecting the seam cf the completed igniter
pad; and discharging the completed igniter charge to the acceptable
or reject conveyor. The operations to be mechanized for the core-
type igniter included introducing an empty cure into production; trans-
ferring a premeasured amount of igniter powder into the fill funnel;
blowing the contents ot the fill funnel into the corc and tamping;
inserting ihe igniter ribbon into the core; closiny the core with the
ribbon in place by sewing; check-weighing and inspecting the sc¢am
of the completed igniter core; and discharging to acceptable or reject
conveyor. The selected concept is illustrated in Exhibit XXXV .
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EXHIBIT XXXIV
Design and Development. Inc,
Automatic Assembly, inspection
And Packaging Propeilant Charges
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EXHIBIT XXXV
s Design and Development, Inc,
i System To Load Pad And
Core Type Igniter Charges
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Horizontal movement on Line X by walkie
transporter and hand truck is slow, requires
a full-time operator, and limits loads to a
single pallet load or less,
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Igloo storage magazines in Yard L used for Composition B and other
explosive storage are served only by rail, thus requiring incoming
and outgoing truck shipments to be transferred to and from rail cars.
Small magazine docks make forklift operations difficult and dangerous.
Small doors and lack of lighting also restrict materials handling oper-
ations,
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Limited overhead ramp clearances brevent the movement of double-
stacked pallet loads - Line X. Building X-34, east ramp.
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RECOMMENDED MATERIALS HANDLING
MODERNIZATION CONCEPT
LOUISIANA AAP

Title: New On-Line Explosive Magazine for Line ''D"

Objective: To Eliminate Double Handling of Composition '"B"
Explosives

Level: 2

Finished Ammunition Affected

1. Rocket 2. 75" XM229 W/F 423, 429
2. Rocket 2.75'" M151 W/F 423, 429, 427

Present Operation

Composition ""B" is currently shipped by the vendor to the LAAP
by both truck and rail transportation. Rail shipments are transferred
across a transfer dock to truck by the LAAP. All Composition ''B" is
then stored in Explosive Yard ""L.'" Composition "'B" is supplied to
the 2. 75" assembly line on a daily basis by plant trucks. Exhibit IV-
3-1, Page IV-3-8 of the Phase I LAAP Report identifies the off-line
materials handling activities as well as the cost incurred for the
present off-line operation,

Proposed Operation

In order to eliminate double handling of explosives, a new explo~
sive magazine should be constructed at Line ""D" which would accept
both truck and rail shipments of Composition ''B" directly from the
vendor. The new magazine should have an explosives capacity for a

5-day supply equal to 258,000 pounds of Composition ''B" at the monthly

mobilization production rate of 86, 000 XM229 and 276, 000 M151 2. 75"
rockets. The proposed new operation would eliminate ninety percent

128

ol

'l

vl L ddt

[
Ll\m\m il

T ‘
1 b bttt ol

Ll

i LI L




%gg,ﬂgggg%ézaé:éaégéagé,,
i

T R R A O i g

.

g ,,aéézﬂ.g?da b ,,3 :;é; WA e 33,: i ,,__, ,35:;3 Wl ,aﬂ,ég ,m_,,ﬁjsﬂ,iagtag%aéaﬂgégéﬂ.,éé%zg:;,%isia_ g

31v9 133415 ONZ O1 AVM QVOL

ST L TR T e R O g e P o e | »
et . e ~r 1 T —T s

sretgaje]y 3unjoed 3.Iau] 10} asnoyatem
2u1IT-uQ MaN jo uoijedo-1 jewixoaddy pasodoxd

- — e — . — — — — —O ——

£eztL
9078

)
: ISNOHIHVYM
) AHINI M3IN

| onaune
- ONIdSIHS MIN

LNONIVE B ITANISSY
43INI0Y .GLT

1SZ4 5G78

.




asnoyadep [erdajep Sunjoed jg3u] maN J0j uoljeaad( pue ue]d 100[d pasodoad

104 30 ) 3wrg
LA IYOVL 3P SWEW, IS i) OIWASEY BN0H AV 0 4 NS ¥ JOANIN FINVIO ON 310N

STV 2AVID L Mt

" 30 u S FowwOis | wIwe sl a0 O (1]
Swea L1380y ORIV 04 27wed LuPe ad SIINVIVeu Ity =
W04 JANOO MD IwR0.S we L
e L] “.J200 3008 IV W L0090 @ - $I508 GO0OM -
WOA AN WO 30N 4 1ows0.S
¢ ~ ¥4 0v0T Suw s LT LM eI | SuaNrviNOD 838 o
Sh3siomy | smewasamoo | AN ad kndaithd OSSO 300N
» v SO0 O M0 +¥ bs W08 Ly MO Tviwlive NCH LV b J)

LwOd b | P § Ar LiBuer } 3352 1INION W Z w04 O NN
1V SHO1 LW 340 D YOMWH STV 1M 3 LYW 104 YD

—
FSNON YV JDVE0LS Lu I L 939001 AROES

S43VvemD 11V 've
L LY TR Y ® ve SINL w304 S IADD 108 ~0 1NOvove
o ve ) A ve VGRS TIVaY L) 193500

/ $4004 IANGD OV i IAC

, A3 B L 8 WOA IANCT 38N 834

ol
Y

A ~ NINL L IO W05 AYR I o
AN - e L5001 1ANOD %08 0008 — ———— —— P i
] i ———— — N ¥ 3
w00 —————
.—_IIF 4 - exl..1. - m:_
L ed R B mw zale: e 1104
e ) » w - b4 ﬁ b |l-cl -
‘ ffdvind 53508 G0CN 22315 > |§A5%Es
ooom rem w STRO® GOO® $91 SN Y $3%08 000 2 le 2 |73 -
odd -ty L I 3 3 =1 3| °
s LS L - - a =
~—— om0t 7 -
AvEOVOw

-y
1 - el
| . /I\/l\\/\\\\\
RN P
N / VN NOuew 22041
e e
-

130




oy ol e

S w

ey o

i

A

g

" ‘)"W L

T

|

-~y

EARTH
FiLL

COVERED
DOCK
AREA

NEW RALL
SPUR

COVERED RAMP

€' CONCRETE

SLAB
/)

EXTENSION TO P
BOX CONVEYOR _~~

J

Conceptual Design of New Explosive Magazine,
Louisiana Line D

131

il i J ity

it bt bl g} o

i Sl

Ll

b

bl a1

win ok

[

k.. s




,;f:;,;,,,ﬁé R ;:v”,, ?:,,_,.”,,,,j,:i,”: ,,WWN:,,;W il jﬁ, ;E:: Eg m

R e L S o o
! RN ,

iy
H

._AP 0091
TIVM 00ELS WL

f—p —

132

HOLOVHL MOL

—f—— 1. o

0L€5a18 0L

dWVH 1SV3 0L

£-3INIT NO 3IDVHOLS >J_m§mmm<m=.o., $S300Ud-NI




e

~,

LYW AN

AN}
133

IOVHO0LISOVOY 13 V1ve 1100

19.’
N
e
m
20y,

- $3X08 Q00M
e 20 FvN0us \
° onovse %
_§.
K]

NN SN N N N N NN

ANIAN \}\ AN
Qv
]

7

\\®\X§Y\
NN
.
1
A=

'
!
|
'

F‘t
13
#
i
rd




—— — -y . o TR 03 S kit A kbl L A UL Lt
B , ,j, 1:3;3; ﬁ, %aémjg,gﬁéiagg;gi%a PR TR ﬂé%;%,ji%gﬁﬂ? :aaa% Azs: i L A L b ol CLUAR ,,..22,1 TN o
M 1 i T . K .

wouey — 17
L -~

#J00

W
T
r_é ———]
=0

BUSvik DN NIVE WO 4

- "HOA IANDD

¥ 4/2 r
| Mm | .
! H
[ .m“~ _ _
3 m

—
>

[¥2{}

AW

%300
AN

vy
aIYIADD

134

i
i
18 —)

T o0
- e
f g1y =T |
m: N 6 ;
mm N S Ty y -
H 8% e s e "l e s it | wh e el T s alrie e e e el W e e — -l
I:

1300 vy
® %3nu1 03wpr0d> ¢ J°

ALIMJVE INIZVOYW SIAISOTAXI NINT QIZITVHELINID




L L LT P P,

1
I i
, "
1 M.
,
i 4‘
{
1
,, ] .
| AR
|

HOINZ
AINIVLE SHINIVINGD
NYATIN O 8

SNOVHL YIvY

it A

ONVLS0HVH 11 34INOD
4

\

ﬁ\_

\

Vo

(V101 300N00)
PEALLZTE-F FUAL)

I

L all}
¥YJ2 4V
vy

== .

J_Jt 1

C_JC ]

1L |

1447 3700VvHLE

L IL

)

L |

—

JL__|

L

J ]

[ It

L

It

1]

L1l

[

I

Je |

IVIJU3INN0D)
YV 1V13 vy

IoOULNOD

N

\

L1M7 JAISOTEXT U 000°0SZ NOLL INNWINY JIHSINID
40 IDVHOLS Wt 1L LHOHS HOJ CUYA DNIGTIOH RVATIN JO LNOAYT TVALJIIONGD

IQVIivEva

135

Nt - SR 1 T




A
o ——— o A — e
s 4 —— e i ot L 1 00 -

i i s s o

W it

PROPOSED CUNCEPT
FOR AUTOMATED RAIL
DISTRIBUTION VEHICLE
MAXIMUM CAPACITY - 40,000 L8S

~  1OPALLETS (UNSTACKED)
~  20PALLETS (DOUBLE STACKED!

AOLL-UP S1IDE DOOR TRACK
LEITHER SIDE)

DISPATCN CONTROL PANEL
(ONE EACH SIDE OF VEMICLE!

i

- 207 INSIDE CLEARANCE —
DOOR ROLL.UP MECHANISM )
~ T
ROLL P S$10€ DIORS
80TH SIDES)
10 MIN
INSIDE
CLEARANCE
'};
PROPULSION COMTROL \' STANDARD q
SYSTEM SYSTEM RAIL BEOD
e ) Q) ) HEIGHT
A

T o Oo\u U Ui L
GAS OR BATTERY ON-80ARD m(lx ROLLER OR SHUTTLE BED
AUTOMATIC DISPATCHING FOR SELF UNLOADING
AUTOMATIC UNLOADING
MAXIMUM SPEED - 20 MPH

STANDAROD RAIL GAGE

OISPATCH COOE TRANSMIT HEAD s === - =
(ONE EACH BIDE OF VEMICLE
£
3
3
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STOP POINTS "
785, 76, 77, 78, 79, & 8O,
7 N PRODUCTION LINE D
| \\\\\
\
Y \/
~

S

7 J AUTOMATED SWITCHING CONCEPT

TO ALL OTHER

DESTINATION STOP POINTS

SPEED CONTROL STATION
SIGNALE VEHICLE TO REDQUCE
SPEED FROM MAIN LOOP
SPEED OF 20MPH TO
PRODUCTION LINE SPEED OF
IMPH, AS VEHICLE PASSES,

el il bl

s

ali

2

SWITCH ACTUATOR

/ LOGIC PACKAGE

q—=p
q=p
) d= p
ONE-WAY MOVEMENT ON =k
ALL SECTIONS OF RAIL
=p
q=p
OESTINATION COOE
TRANSMIT HEAD OF VEHICLE
{DESTINATION STOP)
{POINT 70)
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RECOMMENDED TOTAL PLANT e B
MATERIALS HANDLING MODERNIZATION SYSTEM

FOR MILAN AAP |

FOR INERT MATERIALS
= BUILD A CENTRALIZED WAREHOUSE TO SERVE ALL LINES
FOR BULK EXPLOSIVES AND PROPELLANTS

= BU!LD A CENTRALIZED RECEIVING, SCREENING & TEMPORARY
STORAGE FACILITY

: |
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- AT THE PRODUCTION LINES

- NEWFINISHED !TEM ON-LOAD FACILITIES
- RAMPS, DOCKS, ROADS

- STAGING AREAS

- ON AND OFF LOAD POINTS

- AUTOMATIC TOW TRACTORS

FOR TRANSPORTATION OF MATERIALS

INSTALL SHUTTLE-BED SYSTEMS IN CONVENTIONAL RAIL & TRUCK VEHICLES®

CONTINUE USE OF PRESENT METHODS FOR:

- EXPLOSIVE COMPONENTS STORAGE
- FINISHED AMMUNITION STORAGE®

INVESTMENT REQUIRED:
- ANNUAL SAVINGS:
PAYBACK RATIO:

$12,159,786
3,256,476
1.88

*FURTHER MODERNIZATION DEPENDENT UPON FUTURE DEVELOPMENTS
Of AMMOVAN AND AUTOMATED RAIL CARS
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P Summary of Results and Damage Observations

*Superscript nuperals designate append~1 references.
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ESKIMO II

Pl
: ‘”Wwbdﬂ‘&ﬂﬁtﬁ%mﬂ“

] TR e A

Dr. T. A. Zaker :
Department of Defense Explosives Safety Board

ESKIMO Il was the second in a series of full-scale tests of earth-
covered magazines sponsored by the Department of Defense Explosives Safety
Board and conducted at the Naval Weapons Center, China Lake, California.
Its primary purpose was to evaluate the protection afforded by magazine
structures against communication of explosion when the headwall of one
magazine faces the earth-covered side or rear of another, The test was
executed on 22 May 1973. This paper summarizes selected preliminary
results and damage observations.

i
i

Background

ESKIMO I, the first test in this series, was conducted in December
1971 to determine a safe, practicable minimum separation distance in
face-on exposures of a U, S, Army standard steel-arch magazine.l* In
ESKIMO I, explosion communication occurred to an acceptor igloo of this
design at a distance of 1.25 ft/1bl/3, but failed to occur at a distance
of 2 ft/1b} 3 to the rear of the donor. Further, the test revealed that
increased safety and economy might be gained through improved design for
closer balance in strength between the doors and headwall of the magazine.
ESKIMO II, a full-scale proof test of other existing and modified door
and headwall designs, utilized structures and facilities remaining from
ESKIMO I, rebuilt as necessary to meet the aims of the test.

Objectives

Wl |

ESKIMO Il was designed to

i Al

® Evaluate the resistance of several door and headwall types in
use by the U, S. military services, and of proposed modifications to

existing designs, to blast loading simulating that from a magazine
explosion.,

ikl

il

Ll

® Obtain construction experience with, and test dynamically, a new
noncircular steel-arch magazine structure.

Sttt

e Evaluate the protection provided by distances specified by various
authorities for public traffic routes.

e Investigate the hazards associated with large expanses of window
glass used for architectural effect in commercial and institutional buildings.
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Test Design

Five magazines were exposed face-on at the same distance from the e
explosion source, as shown in Figure 1. The magazine structures were o
earth-covered semicircular corrugated steel arches, except for a new type
of noncircular steel arch built to a length of 80 ft in the northeast
sector of the array. The igloo to the north was fitted with a U.S. Navy
standard headwall having a two-leaf hinged dooi. That to the west had the - —
sam¢ headwall and two-leaf hinged door construction tested in ESKIMO I, BRIRR. -
vith an additional movable member spanning across the opening behind the
door. The igloo to the south had a newly designed single-leaf sliding
door which spanned the opening horizontally. For test control and com-
parison purposes, the igloo to the east had a door arnd headwall combina-
tion identical to that in ESKIMO I. The magazine in the northeast sector
was fitted with a U.S. Anay standard biparting two-leaf sliding door.
Each of the magazines except the control igloo ard that to the northeast -
coutained an array of land mines as acceptor charges.

The explosion soucce consisted of 72 tritonal-filled 750-1b bombs in
two triangular stacks, in base-to-base contact. This source was designed
to produce an impulse load of 1100 psi-ms on the headwalls of the test
magazimnes, a value expected from explosion of a full-size carth-covered
magazine filled to capacity at the reduced rear-to-front separation distance
of 2 ft/1bl/3 determined in ESKIMO I. An initial peak reflected pressure
of about 130 psi was expected, The source was surrounded by an earth mound
barricade to intercept low-angle primsry fragments from the bombs.

A number of highway vehicles and cubical wood-frame structures were
located at various distances to the northwest and southwest from the source
as shown in Figure 2, These locations correspond to U.S. and NATO public
traffic route and inhabited building distances for an explosion source
of 27,800 1b, Each cubicle was 9 ft on an edge. In each of the three
arrays shown, the cubicles accommodated @ sliding window pair, a projected
window pair, and a type of window wall, all mounted in suitable commercially
marketed suspensions, Foam plastic glass fragment traps were positioned
behind the window openings. One additional window cubicle, as well as
one of the wehicles, each contained an anthropomorphic dummy which was
observed during the test by high-speed photography.

E
a
é

iUl o ot

il

? Instrumentation

: Piezoelectric type pressure transducers were positioned in and near
the headwalls of the test magazines. Accelerometers and linear motion
transducers were mounted on the doors and headwalls of the structures,
Self-recording mechanical pressure gages were placed in pairs at six
stations near the distant targets.
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The response of the magazine structures was observed by high-speed
telephotography from three distant ground stations. Door motion was
observed by means of a high-speed camera in the interior of each of the
magazines,

After the test, selected previously cleared areas on the ground were
searched for metal fragments in order to sample the fragment field from
the explosion source., Residual displacements of the doors and headwalls
of surviving magazines were measured,

Results

Measurements of blast loading made during the test show that the actual
loadings on the magazine headwalls were significantly higher than the design
level of 1100 psi-ms, and exhibited strong directional effects, As listed
in Table 1, the impulse loads ranged from 1300 psi-ms with an initial re-
flected peak of about 200 psi on the west igloo, to 2200 psi-ms with an
initial peak of 310 psi on the south igloo. Evidently directional effects
which have been observed in the blast fields of elongated explusive sources 03
persist even in the case of compact but nonhemispherical charges such as
the ESKIMO II source.

On the north igloo, the standard U,S. Navy headwall and door combina-
tion was tested at a blast loading about 60 percent greater than the design
level, Despite this, the doors did not fail with sufficient violence to
initiate acceptor explosives housed in the magazine.

On the igloo to the northeast, also subjected to blast loading 60 percent
greater than the design level, the headwall and biparting sliding door
combination for the U.S. Army Stradley magazine sustained modest damage
to the headwall, The leaves of the door were severely deformed but
remained in place. The relatively light-gage steel plates plug-welded
to the inside faces of the door leaves were stripped off, but in most
storage situations initiation of explosives by impact of these plates
would be unlikely.

The igloo to the east was built with the headwall and door combination
for the current standard steel-arch magazine, identical to the structures
tested in ESKIMO I, the preceding event in this series. Though the structure
was subjected to an impulse load nearly 40 perceant greater than the test
design level, the pattern of headwall cracking resembled that observed in
the first test, with somewhat larger permanent deformations. The door
leaves were driven off their hinges into the igloo and were considerably
bent and distorted.

A comparison of deflection profiles taken at four elevations on the
headwall of the east igloo and the south igloo of ESKIMO I is shown in
Figure 3. It should be kept in mind that the impulse loading on the
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latter structure was approximately 700 psi-ms, with an initial peak
reflected pressure of about 75 psi, this impulse 1oad being roughly half
the corresponding level measured at the east igloo in ESKIMO II.

The iglog to the west was also of the same construction as that tested
previously, but the doors were strengthened by adding a movable structural
member which spanned across the opening behind the door. This igloo was
subjected to an impulse load only slightly greater than the test design
level, yet the headwall sustained significantly greater damage than its
counterpart at the east position. The connections of the door reiuforcing
member failed where they were attached to the headwall, Acceptor explosive
charges housed in the magazine ignited and burned. This result appears to
rule out the prospect of simple structural modifications to upgrade existing
magazines.

The newly designed single-leaf sliding door, in combination with the
he adwall of the standard steel arch magazine to the south in ESKIMO II,
was subjected to an impulse load of twice the design level. The door
sustained residual deflection measuring only about 10 in. at its bottrn
edge and, despite disastrous failure of the headwall on which it was
mounted, did not cause initiation upon impact with acceptor explosives
housed in the magazine. The result demonstrates a severe disparity in
strength between the headwall and door of this test structure as built,
Combined with the standard Stradley magazine headwall, however, the single-

leaf door would probably provide a high degree of resistance to blast loading.

The newly decigned oval steel arch igloo withstood quite well the blast
loading to which it was subjected in ESKIMO II, sustaining residual
deflections of the order of an inch at its crown., This warrants a planned
major test involving lateral loading to complete the evaluation of the
explosion resistance of this arch.

In contrast to the near-field effects, blast pressures and impulses
at large distances from the source were uniformly lower than predictions
based on a bare INT hemisphere, as shown in Table 2, Tiils behavior is
also characteristic of elongated, rectangular explosive charges.

All ten panes of glass in the four window cubicles at 1210 ft, the
U.S. inhabited building distance for 27,800 1b of explosive, were broken
and 323 glass fragments were captured in foamed plastic glass fragment
traps positioned behind the window openings. Seven of eight panes in the
three cubicles at 1700 ft, the NATO inhabited building distance, were
broken and 102 fragments were found lodged in the glass traps. None of
the eight panes broke at the 3400 ft location. Fragments recovered from
the glass traps are being analyzed for weight and velocity distributions
by established techniques correlating impact energy and pit volume in
foamed plastic. Glass fragments cut three small (1/8-in., diameter) holes
in the shirt worn by the dummy in one of the window cubicles at the nearest
station, but no lacerations were found on the dummy.
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Limited window glass breakage and dishing of sheet metal panels
occurred in the automobiles at the 730-ft stations (the U.S. public highway
distance) to the northwest and southwest from the source, The dummy in
the driver's seat of a station wagon broadside to the explosion at the
730-ft northwest station, observed by means of high-speed motion picture
photography during the test, suffered no injury from flying glass nor was -
it displaced appreciably from its seat in the car during the event. Auto-
mobiles at the 1130-ft station (the NATO public traffic route distance)
sustained minor cracking of windows, while no observable damage occurred
to the one vehicle positioned at 1700 ft. '

\

¢ apt

i
Future Plans

The next step of this magazine separation and design program will be .
to test the oval arch igloo under lateral loading produced by an igloo
explosion at the minimum side-to-side separation required by DoD standards.
The test will be performed with a donor charge of 350,000 1b net explosive
weight in an actual storage igloo. Additional acceptors will be situated
around the close-in array to determine the effects of the explosion on
headwalls at various distances and orientations. Also included will be a
lighter weight, lower cost type of steel arch magazine as one of the test
structures. This will provide valuable information on the relative impor-
tance of earth cover and arch strength in reducing the risk of explosion
propagation between igloos separated by the minimum permitted distances.
Window test cubicles and automobiles will be positioned at suitable

; distances for correlation with the results of ESKIMO II.
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Figure 2
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W, M, Baity
Balli-*ic Research Laboratories
Aberdeen Proving Ground, Md,
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ABSTRACT

The Ballistic Research Laboratories responded to an informal
request by the Department of Defense Explosives Safety Board to determine
the charge weight to be used in the Eskimo II test that would generate a
30 psi overpressure and yield a 1100 psi-millisecond impulse at a
specific position on the headwall of an earth-covered steel arch igloo
magazine located at a ground range of 147 feet.

T T

§ A set of predictions was derived using the BRL computer program
SLOFF. This program predicts the loading at any position on a
rectangular surface oriented normal to the direction of travel of a plane
shock wave. The geometry of this rectangular surface determines the
sequence of rarefactions as seen at a point on the surface, hence, the
.. program was modified to examine the magazine headwall polygon at a
single position. The inputs simulated hemispherical TNT charge yields

of "1/3 equaling 21,5, 22.9 and 24.7 at ground ranges such that the
side-on pressure was 20, 25, 30 and 40 psi. Evaluations were made using
overpressure decay rates derived by both Brode and Kingery.

e d

ERRTS St e

The charge source was restricted to 750-1b M117 bombs. Based on
hemispherical TNT surface burst studies, the effective yield of M117
bombs and the loading prediction of SLOFF, recommendations for a 72 Ml117
bomb source were made. The predicted side-on pressure was 38 psi with
a 1100 psi-millisecond impulse at the specified headwall position. Since
shape precluded hemispherical stacking, the alternative of triangular
stacking was suggested.
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INTRODUCTION

The Ballistic Research Laboratories (BRL) responded to an informal ~

request by the Department of Defease Explosives Safety Board (DDESB) to
determine the charge weight to be used in the Eskimo Ill' test. This.
experiment was designed to obtain blast loading and response data on
full scale storage igloos of varied headwall and door construction. To
make effective use of the capital assets remaining after the completion
of Eskimo I testz. it was decided to centrally locate the charge
(Slide l).. such that the three remaining storage igloo headwalls and
the two to be added would be subjected to similar loading. Results from
Eskimo I and previous model studies indicated fhpt a charge which
would generate a 30 psi overpressure and yield an 1100 psi-millisecond
impulse at 3 specific position on the headwall was desirable. (Slide 2)
The DODESB final specifications were that the ground range would be 147
feet and that the'impulse should be 1100 psiQnillisecond with side-on
pressure being the variable parameter.

A set of predictions was derived using the BRL computer'program
SLOFF.'.. The inputs to the program included positive phase overpressures
ranging from 20 to 40 psi maximum side-on pressure with the decay rate

and duration correspondinﬁ to that eapected from hemispherical TNT

charges at specific ground ranges. The output, expected impulse at the

[J - .
- Superscript numbers denote references listed on page 157.
*"e

Slides are in Appendix A.

e e

Computer program - Shock Loading On Front Face.

:

[
m\\wm U)

M\UJ\MMM

v

ik LWWM\MJWMM

DAL i 17 Ll

v sl

.

E}

hall ol sl

it sl ol L3 1 0

b nwn bl




K.
|

ity

il sk . il

e s A CeETTE I e v e e s cy e ATV RS

At R

; designated position on the headwall, was extrapolated to provide the

i [
b bbbt s L i

proper impulse at the selected ground range which in turn indicated the g B

TNT equivalent charge to be used.

BACKGROUND OF SLOFF
A set of eiporinents was conddcted at the BRL Shock Tube Facility
to study the diffraction loading phase on the front surface of a
structure subjected to blast overpressures. The presence of reflected
pressure associated with the initial phase of the air shock overpressure

causes net loads to be exerted on the surface in the direction of travel

Mo it s S it S il

of the shock wave. The average front surface loading during the
diffraction phase has been approximated as a first degree equation

decaying from reflected pressure, at the time of arrival of the shock

- _wave, to stagnation pressure at clearing times. This, along with a
fri weighting system, allowed a structural study under certain loading
i conditions, Failure of walls subjected to blast loading at other test
g laboratories indicated the need of a better description of the loading
history. Shock tube tests on several models at BRL provided the basis

for the computer.program SLOFF designed to predict pressure and force

] associated with some point or area on the front surface as a function

of time.

SLOFF is based on empirically derived equations and designed to

- e gt . o G | el . o
vl o e Lol s, Vo ot 85 Wt | iy 0 s Al N‘L‘mwnﬂ.ku.mmm\wm

predict the loading on any rectangular surface oriented normal to the

PN

direction of travel of a plane shock wave. Subroutines provide plotted
and tabulated pressure, force or impulse predictions using either

peaked wave or step functions inputs. In addition, there are variations

151
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of the original computer program that provide the options of three
dimensional pressure mapping at specific times of interest, as well as
the plotting and tabulation of average pressure predictions associated
with a particular area. The program was written.f;r the BRLESC II

computer using FORTRAN IV as the language.

DEVELOPMENT OF SLOFF

The preliminary experimentation was conducted in a 4 x 1§ inch
shock tube using a two dimensional model. Pressure-time measurements
were made with ST-2 piezo-electric pressure transduce;s appropriately
positioned on the model. Prediction technique derived from these data
were tested against thfee dimensional model data generated by a series
of shots in the 24 inch shock tube. In addition, a larger set of models
was used in a S 1/2 foot diameter shock tube and the data from all teéts
combined in the derivation of the pressure predictioh equations. All
shock wave inputs were step fﬁnctions so that the side-on pressure
remained reiatively constant during the diffractioﬁ loading phase.
Peaked wave input data was obtained from previously fired full scale
field tests. Current tests series data are being incorporated with the

original work in order to better define the instantaneous pressure at

‘any point on the surface,

The analog data was digitized and normalized with respect to
reflected pressure and clearing time (Slide 3). A least square fitting
was made to determine the pressure Pn associated with the time of
arrival of the '"n"th rarefaction (Slide 4). The results were tested

on the more general three dimensional case and all data were used to
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refine the equations for the pressure Pn through the arrival of the

S

first four varefactions (Slides S, 6 and 7).
3 The prediction equation derived for the overpressure P at time t
for a single point on the front surface during the diffraction phase

is of the following form after the arrival of the first rarefaction

wave (Slide 8):

"
P=pP (t/T) at T <t<T , <T

and where n = 1, 2, 3, and 4
P, = Reflected pressure
Po = Stagnation pressure

=P at t=T

P ne+l

n+l
! _ Tn = Time of arrival of the "n'th rarefaction wave

T, = Clesring time - 3h/Ag
/P ) 108, o(T, , /T,)

h' = Cléaring height = height of surface or one-half the width,
whichever is least

! =
Mn loglo(Pml n+rl

il L UMWRM&.WNMLMwdmmmm‘.MWMMMW \Mmuwm'” il by o

Lol ik

AS = Speed of sound in the reflected region.

W o

Prior to the arrival of the first rarefaction, the instantanecus

-~

pressure at a given point equals the reflected pressure Pl‘ The

b il Ll

pressure P may be expected to diminish at a rate dependent on subsequent

1 rarefaction arrivals; and at clearing time approaches stagnation

pressure, To handle pesked wave inputs where the side-on pressure
decays exponentially, the program calculates reflected pressure,
stagnation pressure, and the speed of sound in the reflected region as a

function of side-on pressure. To facilitate the duplication of actual

4
E
:
H
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this method was extended to any point on the front surface (Slides 10,
of force and impulse as functions of time could be assu.iated with the

~as well as Yorcé and impulse in time increments mry be c.aosen by the

‘the magazine headwall polygon. The program can evaluate the offect of

blast inputs, the computer program offers the option ofllnsorting an
equation of the decay of the side-on pressure as a function of time,
Reasonable correlation was obtained when full scale field tests dats
were examined using this technique (Slide 9).

1

Now that the single point pressure-time curves could be predicted,
11 and 12). By positioning a point in a small area, a good approximation
area, Tabular print out options of normalized or rerl rime and pressure

programmer,

APPLICATION OF SLOFF TO ESKIMO 1I

One of the limitations of SLOFF is that the program only evaluates ‘
a rectangular surface that is perpendicular to the ground and normal
to the direction of travel of a plane sﬁock wave. Modifications were

H
made so that the program could evaluate the single point of interest on

rectangular openings in the front surface but in this series the doors
were considered as capable of withstanding the loading. It should be
mentioned that the program makes no provision to handle reflections or
compression waves generated by surface irregularities or objects in
proximity to the area of interest.

Input parameters included the maximum side-on pressure and positive
phase duration (Slide 13). Three hemispherical fNT charge weights4 of

10,000 1b, 12,000 1b and 15,000 1b were choosen for evaluation at four

H
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ground ranges each, corresponding to maximum side-on pressures of 20,
25, 30 and 40 psi. Appropriate durations were associated witt these
twelve conditions and an impulse was calculated for each. VThc first
evaluation used an overpressure input function that decayed from side-on
pressure to stagnation pressure exponentially usirg equations suggeste
by Brodes and a second evaluation was made using the decay rate desc};cad
by Kingery‘.

Subsequent examination of these output data demonstrated . .41 cub:
root scaling could be used over the range in the determination of
impulse at the gage position on the headwall, The DDESB had made fin&l
decisions on magazine positions for the Eskimo II test and
established a ground range of 147 feet common to the center of all
magazine headwalls (Slide 14), Extrapolation of the data at this ground
range indicated that a 24,000 1b hemispherically shaped TNT charge
would provide the desired 1100 psi-millisecond impulse at the specified

gage position. The predicted side-on pressure was 38 psi and the

positive phase duration was 45.5 milliseconds,

COMMENTS
Recommendations of a relatively clean predictable source such as
ammonium nitrate/fuel oil was made, but because of other considerations
the source was restricted to 750 1b M117 bombs surrounded by an earthen
revetment, The effective yield of the Mll7'bomb6 suggested a nominal 72
bombs as equivalent to the recommended TNT charge. Since bomb shape
precluded hemispherical stacking, the alternative of triangular stacking

was suggested., Even though this arrangement offered a number of
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. uncertainties ~ such as correspondence in effective yield, edge effects
from the stacking, correspondence in overpressure wave shape, coalescence
of multiple shocks and their expansion over the revetment into a plain
wave in the near field - it was anticipated that a good pressure-time

history would be recorded and that this could be used as an input to a

wmodified SLOFF program that would evaluate the average loading on the

magazine doors. Correlation of test measurements and predictions will - =

: A

be made after the test data has been evaluated. ' B
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PRESSURE - NORMALIZED

SHOT NO. RS-12 POSITION NO. A
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4 1 R
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i Pso s 16 (2 PSI HEIGHT1 4B "
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As 3 13919 FT/SEC.
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‘ PREDICTION EQUATION FOR OVERPRESSURE P AT TIME = t 3
N P = PyatTy=t 0 (Attime of arrival of shock wavel. : %
M P
. ! n i 3
. PPy [_i_—] tTp<t ST
E where n = 1, 2, 3and 4
P, = Reflected Pressure
PS = Stagnation Pressure
s T, = Timeof arrival of "n" th rarefaction 4
T; = 3n' IAS = Clearing time
h' = Clearing Height (The height or one-half the width,
whichever is least)
5 Ag = Sound velocity in the region of reflected shock pressure
o 1910tPnay ! Py
|
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BLAST DESIGN CRITERIA FOR IGLOO MAGAZINES

K. R. Watson
Ministry of Defence
United Kingdom

SUMMARY

Traditionnal ad hoc tests at full scale to assess particular sepa-
rations for explosives storage buildings are too costly to permit useful
replication and evaluation of the many other parameters involved in the
performaice of structures under dynamic loading by blast. NATO Group
AC/258 has oeen formulating design and separation criteria for Igloo
magazines, The United Kingdom has performed five tests on one-tenth
scale models with extensive instrumentation and a lay-out designed to
complement United States Eskimo Trials. The techniques are discussed
and the results are compared with full scale tests at China Lake in 1963,
1971 and 1973, Recommendations are made for the design of future tests
in respect of donor charge geometry, instrumentation, blast simulators,
and the extension of performance criteria to other areas in the field of
Quantity-Distances for explosives and ammunition.

INTRODUCTION

The NATO Group of Experts on Safety Aspects of Storage & Transport
of Ammunition and Explosives (AC/258) provides a valuable forum for the
free exchange of views and news on explosives safety criteria. In 1970
the Group started to formulate criteria for the NATO Manual relating to
Igloo magazines., Naturally it took existing United States standards very
much into account but did not feel constrained by these precedents. For
one thing much of the US data derived from ad hoc tests at Quantity-
Distances evolved for specific structures and operational requirements,
whereas other countries proposed to develop alternative Structures ox
the general Igloo type. Another reason was the desire, particularly by
the ctructural engineers in the Group, to establish basic design and
performance standards in terms of blast loading and tolerable behaviour,
rather than specific structures and separations, in order to give greater
freedom to engineers to design the optimum solution to each problem.

A co~ordinated programme of testing was evolved wherein the US
undertook to keep the Group fully informed on the design and results of
its full scale tests known as Eskimo Trials; the UK concentrated on the
acquisition of blast data by fully instrumented model tests; and Norway
pursued the design of Igloo doors and door-frames and their testing by
blast simulators.
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One advantage of testing models is that the experimental design
is more easily changed from shot to shot in the light of results, The
first twdo tests in the UK preceded Eskimo I and gave useful support for
the separations chosen for the first full scale trial, Thereafter the
orientation of some of the acceptor magazines was changed at the request
of the US in order to supplement the observations in Eskimo I. Again it
was easy to change the instrumentation between model tests in the light
of disappointments in the preceding model and full scale tests. Full
scale tests may be more convincing for confirming conclusions from earlier
work but model tests are more flexible for experimentation in the true
sense where the results cannot always be predicted with confidence.

However both types have their uses and this co-ordinated programme has
given NATO the best of both worlds.
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CONSTRUCTION OF MODEL IGLOOS

The US Army-Navy Explosives Safety Board had demonstrated by a
series of tests at Arco, Idaho in 1946 that properly scaled models give
a realistic indication of the way actual Igloo magazines behave under
blast loading. In recent years the testing of models has become common-
place. In the United Kingdom the art and craft of building such models
was developed mainly by staff of the Atomic Weapons Research Establishment
at Foulness., The British Explosives Storage and Transport Committee
therefore sought the facilities and guidance of AWRE Foulness in order
to manufacture a dozen or so models in rcinforced concrete, using a portal
; design suitable for mechanical handling equipment and palletised stocks of
% ammunition. The Department of the Environment worked out the design;
: AWRE trained the craftsmen of the Shoeburyness Proof & Experimental
Establishment to make the models; and ESTC staff designed the tests which
were conducted at the Shoeburyness Ranges in 1971 and 1972.
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Figures 1 to 4 show the sort of techniques that are involved in
making these models. It is important that the fine reinforcing wires
are galvanized and are carefully tied and covered and that the councrete
is not cracked prior to the tests, Ordinary bucket and shovel methods
for mixing concrete are quite unacceptable. They proved relatively
expensive to make. Each of the five trials averaged about $ 30,000 for
constructing a donor and three or four acceptor Igloos and providing the
necessary staff and overheads for instrumentation. This still compares
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: very favourably of course with full scale trials such as Eskimo 1 which %

; is understood to have cost about § 400,000. This is why the UK could i

i afford to run a series of five shots and so gather data on the reproduci- é

1 bility of replicate tests and the effect of changing certain parameters 3

% other than Quantity-Distance, E
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TEST RESULTS WITH MODEL IGLOOS \\*.

The chief interest lay in establishins a8 scaled distance of 1,25
Wt for side~to-gide separation of adjacent Igloos and 2.00 W% for rear
of donor to front of acceptor, as was the case in Eskimo I. Figures 5
to 7 show the lay~-out and the damage which was minimal. The separate
wing walls were thrown and some door slabs were pulled out during rebound
conditions but there was no cracking of the monolithic Igloo walls, roof
or floor slab. In the early tests some acceptor charges were included in
the acceptor Igloos (Figure 7) comprising anti-tank mines and bangalore
torpedoes (tubular demolition charges). They were not even much disturbed
so were omitted from later tests.

In order to show that bulk explosives could be treated the same as

.cased explosives in Igloos, Test 2 utilised a donor with a steel case

giving 20% charge weight ratio. Otherwise the donor chdrge was identical
to that in the other tests, namely 64 kg CE/INT (tetryl/INT) demolition
slabs initiated by plastic explosive and electric detonator. The donor
dimensions were chosen to simulate stacking of ammunition in a real Igloo.
One minor criticism of all the Igloo tests at China Lake since 1963 is
that every shot seems to use a different donor type, thus confounding any
attempt to determine the effect of changing other parameters.

Figure 9 shows clearly that the donor explosion breaks through the
rear of the Igloo almost as soon as through the front, This was not really
expected. It emphasises the difficulty of properly analysing a donor
explosion since the variables may include donor type, donor shape and
donor Igloo asymmetry.

Having established that 1% H% and 2 W% were adequate, Tests 3
through 5 changed the orientation of the West acceptor at the request of
DoDESB in order to correspond more exactly to the situation in Eskimo I.
Another change was the introduction of ballast to increase the inertia
of the nearest acceptor by the scale factor. It was thought that the
distribution of energy in the target structures might be different on
the model and full scales owing to differences in rate of movement.
Figure 12 shows the external ballast - two concrete blocks. Scrap iron
was also used, inside the Igloo. The structure remained undamaged.
However the change in orientation of the West Igloo, to be facing the
donor, resulted in much greater deformation of the doors (Figure 13).

In Firing 4 a striped backboard was used to reveal the shock-front
as it passed over the door barricade of an acceptor Igloo at the Intraline
Distance (NATO value of 20 Wi). Eskimo I had shown the hazard of an
Igloo with its door facing the donor's door at 2 W& Test 4 examined the
possibility of bracketing the distance which might be tolerable. Figures
14 & 15 show the set-up and the unperturbed shock profile. Ten years
ago there might have been surprise that an earth barricade affects the
shock so little but nowadays it is well established.
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Test S was basically a calibration shot using the same lay-out as
-before but a bare charge as donor - bare in the sense of there being no
donor Igloo around it., It was carefully located on the same type of
foundation slab as before (Figure 16). The aim was to measure the
increase in crat.r and the reduction in blast loading on acceptors attri-
butable to the presence of the donor structur~ in Tests 1 through 4.

Test 5 was dramatically different from the others. The East acceptor,
side on to the donor, merely had its doors more badly deformed but the
West Igloo (Figure 18) which faced the donor at 2 suffered complete
failure of the headwall, parts of which impacted on the rear inside wall
sc hard that scabbing was caused on the outer rear face. Any ammunition
within must surely have been at risk of initiation., The North acceptor
(Fig 19) was also cracked and its doors severely buckled. The instrumen-
tation recorded this increase in blast due to the absence of a donor
structure to smother the blast to any extent.

INSTRUMENTAT ION

Great importance was attached to providing generous instrumentation
to measure blast loading on the acceptor Igloos (headwall, roof, side-
wall) and the far field shock intensity (Intraline and Inhabited Building
Distances). There were many problems in trying to measure the transient
loading under the earth cover of the roof and side-walls. The relatively
small signals were masked b, high noise which was later identified as
coming from the line for thz initiation circuit, presumably due to

ionisation effects after the firing leads had gone open circuit at zero
time. This was cured for Test 5 by keeping firing leads in a totaly
different plane from gauge leads, using an overhead gantry to take the
firing line up vertically from the donor and so avoid induced signals
in the gauge lines, Figure 20 shows how some of the earth cover was
removed to get intermediate measures of the cushion effect of this
cover on an acceptor Igloo.

On the whole the measurements of blast loading on headwalls were
very successful, The data greatly supplemencs that from Eskimo I and
has been uscd by the NATO Group to formulate design criteria of 3 bar
or 7 bar, depending whether the acceptor is side-to-side at 1% Wi or
face-on to a donor at 2 Wy, The corresponding criteria for scaled time
of the blast loading and scaled positive impulse per unit area are
1 millisecond per kgy and 2 bar ms kg-%, in both cases.

COMPARISON WITH FULL SCALE TESTS

The Arco Tests in 1946 used merely paper diaphragm blast meters
su there was until recently no really convincing data to compare model
and fu)l scale situations. The results of tho five model tests by the
UK accord pretty well with the limited amount of data from the Eskimo
shots. This can best be illustrated by looking at pictures of the most
severely damaged headwalls.
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The blast loading on the headwall of Acceptor A3 (Figure 19) was
41 bar recorded by a piezoelectric gauge beside the door and 54 bar
above the door. This suggests about 600 to 700 psi peak overpressure
(face-on) for cracking of the UK structure. Complete failure corre-
sponded to 160 to 170 bar (about 2,400 psi) - Figure 18, It should be
no;ed that this rew portal design is particularly well reinforced to
maintain monolithic behaviour. The North headwall in Eskimo I (Figure 21)
suffered a load of something in excess of 16 bar (240 psi) judged from
the nearest gauge reading. flush with the ground a few feet in front of
the Igloo (taking the reflected peak value)., This structure is not
specially designed and would not be expected to be as strong as the UK
portal Igloo,

Figures 22 - 24 show the damaged headwalls in Eskimo II trial and
it is understood that the blast load was 200 to 300 psi (14 to 20 bar) peak.

As regards positive duration of the loading, the models had of
course a much shorter load - 2 to 4 ms compared with a predicted 45 ms
for the Eskimo II firing. The positive impulse per unit area in the
model test (Figure 18) was 42 to 45 bar milliseconds (say 650 psi ms)
on the headwall which failed so dramatically. It is understood the
design value of positive impulse for Eskimo II was 1,100 psi ms and the
measured values were up to 2200 (150 bar ms).

It is clear that when all the data frum the model tests and from
Eskimo firings 1, 2 and possibly 3 have been collated, there will be a
really useful pool of quantitative information for structural engineers
from which to assess the likely blast loading for various configurations
of Igloos.

CONCLUSIONS

The NATO Group concluded from the results of the models and
Eskimo I that separations of 1% W5 (side-to-side) and 2 WL (front-to-
rear) are suitable for earth-covered magazines provided that they are
constructed in reinforced concrete or with corrugated steel arches;
that their roofs, side-walls and rear-walls are designed for the dead
load pressures from the earth cover; and provided that their headwalls
and doors are designed for the recently determined blast loads.

More work needs to be done to quantify the blast loading in the
vicinity of open stacks and ordinary above-ground buildings in order to
specify the load for Igloos in the vicinity of other types of storage
buildings.

Various structural designs and modifications for headwalls and
doors will have to be proven., Headwalls can be tested at model scale
but there are great difficulties in modelling doors and door frames.
Therefore full scale tests or the use of blast simulators will still
have a role. Greater attention may be necessary to defining the tolerable
performance quantitatively.
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RECOMMENDATIONS

It is recommended that this type of technical co-operation should
continue since not only does it avoid duplication of effort and expense
but also it taps a greater source of ideas and solutions. Future tests
shculd pay attention to the number of variables, in order to hold constant
as many as possible, thus facilitating subsequent analysis and comparison
of different trials. In particular the type and geometry of donor charges
should be more standardised. The use of blast simulators should be
explored to render less expensive the necessary tests on doors/door frames.
Finally, the concept of defining blast environment and tolerable performance
for structures should be extended to supplement the traditional, rigid
Inhabited Building Quantity-Distances,
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L Finishing touches to roof,

! fompleted gloo with coparale winswallo,
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Layout before firing.
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. Acceptor A 3 after firing.
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Incident Blast Wave Profile (Time from T.o. 3 m/sc)
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16, layout tefore riring, acceptor Al with ballast on right,
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16, Donor charge on ifloo base slab, without igloo structure,
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FIG.21 Headwall of Noith Igioo. Note crack pattern approximating shape of stect arcii.
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Failure of Headwall around Arct
FIGURE 22
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JEVELOPMENT, DESIGN, AND TEST
O. A NEW DOOR AND MAGAZINE ARCH
; FOR AN EXPLOSIVE LOADED STORAGE IGLOO

H. L. Callahan and W. V. Hill
Black & Veatch 5 B
Kansas City, Mo. P e
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ABSTRACT

é % This report describes the development, design, and test of a prew door and

magazine arch for an explosive loaded storage igloo for increased blast

g
E

i loading. The door is of the sliding, single-leaf, and horizontal span

L

; 1 type. Criteria required that the door meet the functional requirements

: E of the using service, be efficient and easy to operate under all weather

conditions, and be provided at the most economical cost. The arch is of

o
et A, i

. ] steel multi-plate, with compound radii, to provide increased storage

; capacity along the side walls. The shape of the arch closely fits the

el Lok

L concrete Stradley shape. Results of the Eskimo II test at the Naval

1 Weapons Center, China Lake are included along with recommendations as to

3 desirable design changes for the door and magazine arch.
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INTRODUCTION

The Department of Defense has.tfor many years, been engaged in the develop-

.
ot it il ke il

ment of safe and economical storage structures for explosive components of

various weapons systems. The earth-mounded arch magazine, or igloo, is

bl sl

one of the more common types of storage structures which has been widely
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deployed. Several varieties of igloos hav- been constructed in the past

By

as technologic, economic, and strategic developments brought about an

evolution in their design. This evolutionary process has led to
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standardization of igloo designs and the explosive quantity-safety dis-

4

tances which govern their adaptation to any given site.

The Office of the Chief of Engineers, in conjunction with the Department

il W

i of Defense Explosives Safety Board, has been instrumental in the develop-
ment of standard storage structures. Our firm has been associated with

the Corps of Engineers in this development since 1946, and this report

; is on a door and magazine arch which are subject to adoption into the

set of standard storage structures.

Empirical relationships play a major part in the design of structures to
withstand impuls:s from high explosives, and for this reason, a lower

level of confidence is placed on new, untested designs. Unlike the many

e T P b T I

i protective structures which have been designed to resist the effects of

; nuclear explosions, explosive storage structures may be tested by simu-

E lating their actual design loads. In the case of the former, the Nuclear
Atmospheric Test Ban érecludes the verification of their design by testing.

But fortunately, no such restriction on high-explosive testing exists,

: , I -
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and the philosophy of design verification by testing has actually been

used in the development of standard storage magazines. The catastrophic

vl

3 consequences which could result from inadequate design or construction

warrant such tests.

to-front distance of 2 Wl/3. The test proved the design to be adequate.

The 1971 Eskimo I shot at the Naval Weapons Center in China Lake, California i
E was such a test. The objective of the test was to confirm or refute the %
possibility of a secondary explosion within an acceptor magazine when a i
donor wmagazine loade’ with 200,000 pounds was detonated at a scaled rear- %
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This test was followed in May 1973 by the Eskimo Il test which occurred
at the same location, and upon which this report is based. The objective

was similar to that of the previous test except that the explosive force

was to simulate a donor magazine fully-loaded wirh 500,000 pounds. %

The des!gns of the door and magazine arch are only covered in a general
way in this report, for detailed design procedures are given in the ref-

erenced manuals.
DEVELOPMENT OF DOOR

The Eskimo I test proved that the weakest part of a magazine was the

door. The test fur_her revealed that increased safety could be gained
through improved door design, with closer balance of strength between
the door and the magazine. With a balanced design, magazines could be

sited closer together with a saving in real estate costs.

After studying concept drawings of bi-parting sliding doors, two-leaf
swing doors, single~leaf swing doors, and single-leaf sliding doors, it
was frund that a horizontal-spanning single-leaf sliding door was the
most suitable. The study showed that all types of doors, except those
with a single-leaf, required supports at the hcad and sill. Criteria
had established that a smooth sill was required for satisfactory cupera-
tion of a forklift truck handling large and hazardous objects. Many
schemes were considered in the attempt to find a suitable support for
the door at the sill. A slot ov trench in the floor must have a movable
bridge plate to permit vehicle movement through thke door. The bridge
plate requires that bearing surfaces be clean of dirt or sand each time

it is put into place. Also, snow and ice accumulation in the floor slot
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becomes a problem In opening the door during winter months.  Removahle
or retractable stops {n the (i1oor were constdered, but these also require
an additional operation in opening or closing the door. There was also

the problem that, after the door was closed, there wdas no way to see that

the stops were in their proper position.

In order to have a 8ill free of all impedance, a horizoatal spanning door
was selected. The study also revealed that a single-leaf door was the most
economical. A single-leaf swinging door would be difficult and dangerous
to operate during periods of high wind velocity. The disadvantage of a
sliding door is in making it weathertight, for the door must slide against
the door seals. Another disadvantage of the horizontal spanning door is

that the door jambs of the headwalls must carry 100 percent of the load.

After considering the functional requirements, that the door be easy to
operate under all weather conditions, and forklift trucks could carry
large objects over the sill safely, the single-leaf sliding door shown in
Figure 1 was selected. This door is relatively easy to construct and
economical. For the Eskimo II test, the chain operator and sheet metal

hood were not installed.
DOOR DESIGN PROCEDURE

The door was designed by using the methods presented in TM 5-1300,
"Structures to Resist the Effects of Accidental Explosions'. Given data
for design:

Maximum reflected pressure = 100 psi

Impulse 1100 psi-~ms
Duration of positive phase = 50 ms

Maximum Defiection

18 inches
206
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Step 1. Predict the presaureftime curve. This was done by
using analog traces from the Kistler pilezcelectric overpressure guges
of the Eskimo I test. The Eskimo I test data obhtained {rom gages mounted
147 feet from the donor center, facing the donor explesion, in the head-
wall of an igloo, a few feet above the ground surface. are as follows:
1. Reflected peak overpressures, 72 to 76 psi.
2. Impuises, 641 to 705 psi-ms.

3. Duration of positive phase, }7.1 to 29.7 ms.

The predicted blast curve was plotted following the shape of the traces
of the Eskimo I test, with the maximum reflected pressure equal to 100
psi, the impulse equal to 1100 psi-ms, and the duration of the positive

phase equal to 50 ms. The predicted blast curve is shown in Figure 2.

Step 2. The idealization of the load functions was depicted
by plotting a straight line curve with the maximum reflected pressure
equal to 100 psi and the triangular area signifying impulse equal to

1100 psi-ms. The idealized design curve is also shown in Figure 2.

Step 3. Determine door section. Many trial designs were per-
formed using various combinations of beam sizes and spacings, with
various plate thicknesses. The door section that proved to be the most
economical had a 3/8-inch front plate, 1/4-inch back plate, and M6X22.5
beams on 2-foot centers. A check of producers and distributors of
structural shapes revealed that M6X22.5 sections are available only on

a gpecial roll order of a minimum of 80 tons. M6X25 sections are not

listed in the AISC '"Manual of Steel Construction', but are readily avail-

able and were selected. The selected door section is shown in Figure 3.
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M6 x25
6 5/8"| AT 24" OC.

.

EFFECTIVE WIDTH
FRONT FACE

SPAN = 10' - 0"
WEIGHT = 760 L.BS
MATERIAL A 36 STEEL
DYNAMIC YIELD STRENGTH = 46,800 PSI
I, MOMENT OF INERTIA = 170.5"4
Z, PLASTIC SECTION MODULUS = 42.7"3

DOOR_SECTION

FIGURE 3
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The weight of the selected door suction is 38 pounds per square foot com-

ol 3 ket ] S

o ?

pared to the Stradley door, OCE Drawing Number 33-15-61, weight of 44

' pounds per square foot. The new door also has greater resistance to blast
t loads than the Stradley door.

: Step 4. Properties of the door section were determined by con-
i ventional m;thods. The effective width of the frontlplate was calculated
E by using the design procedures given in, "Light Gage Cold-Formed Srnrel

{ Design Manual”, American Iron and Steel Institute. The properties of the
E door section are shown in Figure 3.

F

; Step 5. Dynamic design parameters. Using TM 5-1300, "Structures
‘ to Resist the Effects of Accidental Explosions”, the values shown in Figure
1 4 were calculated. T, is the effective natural period of vibration, cal-
é culated from the effective unit mass and the equivalent unic stiffness of
7 ~; the system. The maximum deflection is 14.9 inches, which is a;ceptable,

E for the allowable was 18 inches.
14 DEVELOPMENT OF MAGAZINE ARCH

A magazine was required for the storage of weapons packed in large shipping

containers. A study of presently designed storage magazines was made to see
if one would meet the requirements. It was found that the Stradley Magazine,
OCE Drawing No. 33-15-71, designed in 1959, would meet the requirements.

The interior walls of the Stradley arch are vertical up to the spring line
which is 8 feet above the floor. The disadvantage of the Stradley Magazine

is the construction cost. It is concrete and h:s 3 exterior and 5 interior

radii which require costly form work. Steel arches are more economical,
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% ) and have been proven to perform well under high explosive blast loadings. % ?

: ;’J The OCE steel arch, Drawing No. AW-33-15-64, was found to be unsatisfactory % §

E E for storing a large number of the weapons because uf the low headroom near § Lg

é ; the sidewalls, A study was made to develop a steel arch with a shape % %

f E similar to the Stradley. It was found that ARMCO Steel Corporation's Super- % q

% Span, high profile arch met the requirements. Figure 5 shows the size- g g

E 1 comparison between the AW-33-15-64 steel arch and the new steel Stradley. % %

§ By virtue of its nearly vertical sidewalls, the new steel Stradley has ; j

f E approximately 20 percent more stcrage capacity while vequiring only 6 per- ; i
]

3 g cent more steel plate. The two arches occupy equal amounts of area, so ;

é neither possesses an advantage in real estate costs. %

E ARCH DES1GN PROCEDURE f

¥ 5 The steel arch was designed by using the methods presented in EM 1110-345- 3

i 420, "Design of Structures to Resist the Effects of Atomic Weapons - Arches g

i E and Domes.'" The size and shape of the arch and the supports are ii'ustrated §

S é in Figure 6. %

The roof portion of the arch encompassing a central angle of 80° was % '%

agsumed to have flxed ends at the conrete thrust beams. No attenuation of é §

the blast pressure or impulse by the earth cover was assumed. Given data % é

for design: i %

Ilncident peak overpressure = 40 psi. % %

Impulse = 1100 psi-ms. é ?

Duration of positive phase = 80 ms. g ;

213 é
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Step 1. Determine the properties of the arch. This was done
by using the design procedures given in the American Iren and Steel
Institute's, "Handbook of Steel Drainage & Highway Construction Products”.
The arch properties are shown in Figure 7. The ultiwate dynamic buckliung
stresses are for steel with a minimum yield strength of 33,000 psi and

backf11l compacted to 85 percent Standard AASHO density.

Step 2. Determine the compression and deflection mode loadings.
With dlast loads from high explosive, the shape of the curve is not im-
portant. This is because the blast pressure has reached the negative phase
before the arch has reached its maximum deflection. The design of the arch

is controlled by the impulse.

The compression mode curve was depicted by a straight line with the peak
pressure equal to 40 psi and the triangular area representing impulse equal
to 1100 psi-mg. The deflection mode impulse was found from the formula:

I =1.25 Pso tg

where Pso is the incident peak overpressure, and tg; is the transit time
of the shock wave. Using a shock front velocity of 2200 feet per second

and a structure width of 28 feet, the transit time is equal to 12.8 ms.

The peak deflection pressure is equal to the incident peak overpressure and
occurs when the shock wave reaches the crown of the arch. The compression

and deflection mode loadings are shown in Figure 8.

Step 3. Determine the arch's resistance to compression and de-
flection mode loadin;s. The compression mode resistance was calculated

using the ultimate dynamic buckling stress of 42,900 psi in the arch.
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: | GAGE MULTI| - PLATE
6" x 2" CORRUGATION

P WEIGHT = |1.25 PSF

E MOMENT OF INERTIA = 1.99" 4/FT

e T - -

SECTION MODULUS = 1.75"3/FT

. du‘mwwwmwm“mmmmmm%wmmi il

ULTIMATE DYNAMIC BUCKLING STRESSES

WITH THRUST BEAMS = 42 900 PSI

WITHOUT THRUST BEAMS = 11,000 PSI

FIGURE 7
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The resiatance in the deflection mode is obtained by equating the deflection

mode moment, in terms of the yield resistance, to the resisting moment avail-

i

able for blast loading.

In order to evaluate the available resisting moment of the section, it is

necessary to know the axial thrust in the arch. This thrust is dependent

b i SR S b
[ T T 2

upon the average value of the compression mode loading on the arch over the

W it

time required to reach maximum deflection. Determining the average value of

ol el

the compression mode loading is a trial and error process.

wlll o1 sl
I

For the arch design, an average value of 5 psi was assumed for the compression : 3
mode loading. The average value of 5 psi for the compression mode loading

glves a deflection mode loading resistance of 3.5 psi. -

Step 4. Compute the natural period of the arch in the compression

oA L 1 e

bl

and deflection modes. In deterwmining the mass, an average weight of 400

( "'

pounds per square foot of earth cover was used. The time of the natural

period Tp in the compression mode loading is 48 ms. The time of the natural ; :

o Wt

period Tpq in the deflection mode loading is 453 ms.

st 0 Ll il W

Step 5. Determine the time to reach maximum deflection and the

ratio of maximum deflection to elastic deflection. These values are shown

et atl ", W

in Figure 9. The ratio of maximum deflection to elastic deflection is 4.1,

which Is less than the allowable of 10 for concrete arches and less than 3 %

the higher allowable for steel arches.

it e A 1011l L b
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MAXIMUM DEFLECTION = 4.1 Xg
Tm TIME OF MAX. DEFLECTION = 231 MS =

COMBINED MODE LOAD"}IGS

FIGURE 9
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Step 6. Calculate the average compression mode pressure over
the time to reach maximum deflection. This i8s equal to the impulse
divided by the time of waximum deflection, which results in an average com-
pression mode pressure of 4.8 psi. The assumed value in Step 3 was 5.0
psi. This means that the resistance available for blast loading is more than

the 3.5 psi obtained in Step 3, and the design is satisfactory.

Step 7. Design thrust beams. A key feature of the Super-Span
coxjcept is the concrete thrust beams that are added to the assembled struc-
ture during backfilling, see Figure 6. These triangular elements are locked
to the corrugated plates by means oflhook bolts attached to the plates and
cast into the concrete. There is a ﬁhrust beam-on each side of the top
arch, and each of them is positioned at the junction of the arch and the
side wall. The thrust beam provides a vertical surface against which
effective so0il compaction is easily obtained. The thrust beam transfers
the thrust in the top arch into the well-compacted aoil against 1its ver-
tical face. The arch configuration is such that the magnitude of deflection
in the arch is greatly influenced by the stabilizing effect of the surround-
ing earth fill. Therefore, a test was conducted to determine the horizontal
modulus of soil reaction. The test was conducted by the personnel at
China Lake and was performed at an existing igloo constructed for the Eskimo
I test. The fill surrounding the'arch had been compacted to 90 percent
density and was classified as SM, pilty agnd, well-grg?ed, non-plastic,

with an in-place density of 120 pounds per square foot.
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The test involved the jacking of 10-inch diameter plates horizontally
through holes cut in the sides of the arch, as shown in Figure 10. Re-
cause the capacity of the largest hydraulic jack available was 24,000

pounds, it was estimated that 10 inches was the maximum size of bearing

plates that could be used. The bearing plates were placed at locations

corresponding to the locations of the thrust beams. Load increments of

2000 pounds wexe applied by the hydraulic jack. Deflection readings were

measured by a dial micrometer at each bearing plate. With each {acrement

of load, an initial deflection reading was taken immediately. The load

was allowed to set at each increment for 5 minutes before the final read-

ing was taken. Lecause the blast load is suddenly applied, the inicial

deflections were used to design the thrust beams. Results of the test

are shown in Figure 11. The variance between the left and right sides

of the arch probably resulted from a lack of uniform backfill treatment.

The thrust beams were designed to develop the ultimate dynamic buckling

stress in the arch. The arch produced a maximum horizontal thrust of

11,200 pounds per inch. A 48-inch deep thrust beam was used, resulting

in a horizontal soil bearing pressure of 232 psi. From Figure 11, using

a load of 233 psi, the average deflection of the thrust beams is 0.7

inch. The deflection of the crown of the arch, due to displacement o:

the thrust beams, is 1.4 inches downward.

TEST OF DOOR

Figure 12 shows the door mounted on a headwall built in accordance with

OCE Drawing No. AW 33-15-64. This headwall, referred to as the SAC type,
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EXTERIOR VIEW OF DOOR
FIGURE 12




was used in the Eskimo I test. The headwall was a 12-inch concrete wall
with reinforcing each way in each face. All reinforcing was No. &4 at
12-inch centers, except for the vertical bars in the rear face which

were No. 6 at 12-inch centers.

After the assessment of damage to the headwall from the Eskimo I test,
there was concefn as to the ability of the headwall to support the new
door, since the new door spans horizontally and the blast loading for

the Eskimo Il test was to be greater.
Figure 13 is another view of the completed door.

Figure 14 shows the restraining bracket and pin used to hold the door in

the closed position during the time of an accidental explosion.

Figure 15 is a view of the acceptor charges. Twelve M15 land wines were
ugsed as acceptor charges. These land mines were positioned in two rows
of six, one approximately three fe.t from the floor and one row approxi-
mately aix feet above the floor. The land mines were secured on their
edges on trays so that the bottom surface of each mine was vert‘cal and
accessible to possible headwall and door fragments. 1In each row there
was one mine on each end that was opposite the concrete headwall of the
magazine, and the trays were so positioned that the acceptor explosives

were approximately three feet from the plane of the inside surface of

the headwall.

Figure 16 is a vieuv nf the headwal) after the test. The blast loading
of the Eskimo 1I test was somewhat higher than the loading for which the

door was designed. The reflected blast pressure recorded at the headwall
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DOOR IN PLACE
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DOOR RESTRAINING BRACKET

FIGURE 14
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was 31C psi and the impulse was 2,210 psi-ms. Thesne values are hased

\ T

on preliminary and approximate means of data reduction; and the final

data are not yet available. Easentially all of the headwall edjolning the

it a1 A

interior magazines, that part of the headwall inside the archline, was

T

destroyed. The acceptor land mines were somewhat damaged but no burn-

skt ‘;:ﬂ.m._mmm.lmm‘vw”;;
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q 1 Figure 17 18 an interior view of the headwall and door frame after the
test. Figure 18 shows the door after the test, laying on its extertior

face with the bottom of the door adjucent to the rear wall of the igloo.

N Db

It is probable that the headwall failed first at the flcor iine allowing
the bottom of the door :o be blown inward, and as the rest of the head-

! wall feiled, the door ccntirued to move inward beeaking the door hanger

rods.

e Figure 19 shows ithe Jdel{lection of the door. It is assumed that the head-

wall had deflected 4-1/2 inches at the mlidheight of the door before the

PN i~ A o

headwall failed ac the floor line. This alluwed the door to deflect 4-1/2 i

inches at the jambs. In the horizontal direction, the door deflected 10

1 inches. The horizontal deflection would have been larger had the concrete

headwall been able to continuously support the door,

ol ke

RECOMMENDED REVISIONS TO DOOR

In order to keep the door from being blown through the opening in the head- .

wvall, as the headwall and door deflects, it is recommended that the edge

R T—

bearing of the door be increased one inch at the head and jambs. This

will increase the width of the door by two inches and the height by omne %

oty
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INTERIOR VIEW OF HEADWALL
FIGURE 17
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inch. 1In order to provide more support to the top of the door for blast
loading, the hanger rods, between the trolleys and the top of the door,
should ve changed to high-strength bolts, ASTM A354, Grade BB. It is
also recommeded that the door be mounted on a modified Stradley headwall.
The Stradley headwall has pilasters on each side of the door opening to

support the door during the time of an accidental explosion.

At the present time, a new headwall is being designed for the higher

blast loads, a maximum reflected pressure of 100 psi, and an impulse of
1100 psi-ms. The new headwall will have pilasters at the door jambs.

One other feautre is being added to the door, a retainer tc keep the

door in place for 100 ms, after the arrival of the positive blast load.

The retainer is to restrain the door during the rebound and negative phase.
This is to protect the magazine from the fire ball generated by an acci-

dental explosion.

TEST OF MAGAZINE ARCH

For the Eskimo II test, a magazine 80 feet long was constructed. During
the Eskimo II test, the blast wave approached along the arch axis; this
caused coupression mode loading only in the arch. The data from the
pressure gage, planned to record incident overpressuresa, are presently not
available. The reflected blast pressure recorded at the headwall was 252
psi and the impulse was 1750 psi. These values are also based on pre-
liminary data aad are somn‘;:t higher than that for which the arch was

designed.
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Before and after the test, measurements were made between points on the
center line of the floor and various points on the arch. The relative
movements between the floor and arch are shown in Figure 20. The measure-

ments were made at 20, 40, and 60 feet from the magazine headwall.

The direction of the arrows indicates the direction of change in the
measured distance. The only distance to increase was at 20 feet from

the headwall and at the right thrust beam.

Scratch gages were installed in the plane of the arch 40 fcet from the
headwall to register maximum displacements. These maximum displacements
were also between the center line of the floor and the points on the arch
shown in parentheses on Figure 20. The distortion of the arch was not
discernible from visual inspection, and the measured values are well within

the acceptable limits.
RECOMMENDED REVISIONS TO ARCH

Pending results of the proposed Eskimo III test, no revision to the arch
is recommended. During the Eskimo III side-on loading test, the blast
wave will be arproaching normal to the arch axis. This will load the

arch in both the compression and deflection modes.

The arch was designed to be used as a standard magazine, with the thrust
beams being sized for all classifications of backfill material, except
those containing organic materials. Soil classified in Military Standard
MIL-STD-619 as CH, which is common at many sites, has a subgrade modulus of

50 to 100, The backfill at China Lake is excellent mdaterial and is classified
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as SM, which has a subgrade modulus of 200 to 300. Had the backfill mate-

. rial used in the Eskimo II test been classified as CH, the deflection

probability would have been three to four times greater.

Pending results of the proposed Eskimo III test, it may be possible to

reduce the size of the thrust beams when select material is available and

specified for backfill.
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; NEW DESIGN CONCEPTS FOR MUNITION STORAGE MAGAZINES
By

Charles N. Kingery

K e i 100, ot b

ABSTRACT: H

This report describes some new approaches and design concepts for

1 application to the hardening of munition storage magazines in order to

i reduce safe separation distances. Extension of the earth cover around

the front of the magazine, the use of a tunnel entranceway with two :
doors, as well as a new door design are presented for consideration, It ;
should be possible to cut the present safe separation distance for face- :
to-face orientation by a factor of 3.
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I. INTRODUCTION

The purpose of this report is to present some new ideas and
concepts for hardening munition storage magazines in order to reduce
established safe separation distances.

A. Background

The vulnerability of munition storage magazines or igloos to blast
and fragment damage from donor magazines has been a subject of concern
to the Department of Defense for many years. In recent years the
Department of Defense Explosive Safety Board (DDESB) has been engaged
in a program to determine more accurately the minimum safe separation
distances between munition storage magazines. The minimum safe
separation distance is defined as the smallest distance that will provide
assurance that an explosion in one magazine (donor) will not propagate
to another (acceptorg, although the acceptor magazine and possibly its
contents, might be extensively damaged. The ESKIMO I test conducted in
December 1971 and ESKIMO II test conducted in May 1973 were both
designed to establish new minimum safe separation distances for
explosives quantity-distance criteria in the U.S. and NATO countries.
ESKIMO I was successful in meeting this objective while the results
from ESKIMO II have not been published yet.

B. Objective

The objective of this report is to take a critical look at the

_present designs and determine some suggested modifications that might

reduce the established safe separation distances. The major areas of
interest are 1, the reduction of the production of blast and fragments
from the doner in the direction of the door and headwall due to an
internal explosion and 2, the reduction of blast and fragment loading
on the exterior of the door and headwall of the acceptor due to an
external explosion.

. C. Present Design Concept

The présent design is presented in Figure 1. Only the exterior
profile is shown in the sketch. This is the type of structure exposed
on ESKIMO I and ESKIMO II.

The slope of the earth cover is a 1:2 or an angle of 26° 34' from
the horizontal. The interior of the test igloos consist of a steel
arch 14 feet high and 25 feet wide at the floor. The igloos were
covered with compacted earth to a 2 foot depf® at the top of the arch.

The primary objective of these tests were to evaluate the safe
separation distance by hardening the headwa}1 and door designs. Based
on the resuits of these tests it appears that the most vulnerable parts
of the igloo are still the headwall and entrance door. This has also
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been the most difficult to harden because when the doors are
strengthened a greater load 1s placed on the headwalls and they tend to
fail.

II. PROPOSED DESIGN CONCEPT
The design concept proposed in this report is based on the major
areas of interest stated in the objectives. They are, reduce the blast
and fragment; production from 2 donor and loading on an acceptor,

A. Extension of Earth Cover

The first approach in reducing both the blast and fragment
production and loading is to extend the earth cover around the front of
the structure, This approacn 1S shown in Figure 2. There are two
advantages gained from this modification. First the production of blast
and fragments in the area in-line with the front of the igloo will be
greatly reduced since blast and fragment pattern should be similar to
that extending from the rear of the igloo.

The second advantage of this modification is in the reduction of
external blast and fragment loading on the front of the structure. The
blast loading would not be a normal reflection but at an angle of
incidence of approximately €3° which would reduce the reflected pressure
by more than 50 percent. The earth cover around the front would also
stop the fragments with the exception of a small projected area slightly
larger than the size of the door,

B. Tunnel Entranceway

The ideal approach in modifying existing igloos or designing new
ones would be to use a tunnel entranceway which would have a 1:2 sliope
as shown in Figure 3. There are design problems with this concept
because the large area to be covereu by this first door would make it
excessively heavy, Therefore it 1s proposed that the tunnel entranceway
be extended as shown in Figure 4 and a vertical door be considered. The
total pressure and impulse on the vertical door at the end of the
tunnel will be much less than the loading on the present door because the
relief of the reflected pressure will be much faster due to the short
travel time of the rarefaction wave. Therefore the reflected impulse
would also be less.

C. Door Design

There are two philosophies that can be explored in the design of
doors for munition storage magazines. The first and present philosophy
is to design the doors to withstand the blast and fragment loading by
making them heavier and stronger, This puts added loading on the
headwall or tunnel entrance.
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The second philosophy presented here as a suggested method for
decreasing the loading on the headwall and entrance tunnel is an
application of the suppressive structure technique. This technique was
developed for use in de-mil work where there is a requirement to contain
the fragments and blast within a given volume without constructing large
reinforced concrete cubicles. It has been demonstrated that airblast
from small .charges can be ati2nuated as much as 90 percent by passing
through a suppressive panel. A sketch of a proposed door is shown in
Figure 5. The door consists of a layer of angle irons, a series of
perforated plates and another layer of angle irons. With this type of
door it would stop all fragments and debris but allow some of the
airblast to pass through. This would mean a smaller reflected blast and
impulse loading on the door and therefore it should remain in position
for external loads. With the suggested tunrel entranceway it would be
advantageous to install two doors; one at the tunnel entrance and one
where the present headwall is located.

D. Application to Present Magazines

The concept as described in the preceding sections could be applied
with relatively littie expense to present storage magazines. It would
require the addition of an entranceway tunnel, as shown in Figure 6, to
the present headwall. These tunnels could be prefabricated for easy
installation. The fins along the side are designed to take the load
from the first door away from the headwall when it is covered with
earth, The present doors could remain in place or be replaced by the
suppressive blast type door.

ITI. CONCLUSIONS

The advantages of the proposed design concept will be restated in
the following paragraphs.

A. Advantages of Earth Cover Extension

The extension of the earth cover has the following advantages:

1. Attenuates the production of fragments in the direction of
the headwall from internal explosions,

2. Attenuates the fragment loading on the door and headwall
from an external explosion.

B. Advantages of Tunnel! Entranceway

The tunnel entranceway has the following advantages:

1. 1If applied to present magazines it allows the present
doors and headwalls to remain intact.
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2. It allows the use of two doors and relieves the loading
on the first door from being transmitted to the headwall.

3. The tunnel entranceway also serves as a fragment trap for
fragments other than those directly in line with the tunnel.

4. The tunnel entranceway and the two door concept will give
added protection against sabotage.

C. Advantages of the New Door Design

The advantages of the application of the suppressive structure
concept to magazine doors are listed as follows:

1. The new design door can be much lighter weight than the
present doors.

2. The relief of the reflected pressure and the passage of
blast through the door puts less loading on the door frame and headwall.
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AIRBLAST EFFECTS ON WINDOWS IN
BUILDINGS AND AUTOMOBILES
ON THE ESKIMO 1l EVENT

" i
T T e

E. R. Fletcher, D. R. Richmond, and R. K. Jones
Lovelace Foundation for Medical Education and Research
Albuquerque, New Mexico 87108
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Objectives

The objectives of this project were:

1. to determine the velocities, masses, and spatial den-
sities of the fragments from three types of standard

plate-glass windows mounted in closed, cubical

TR

structures at three ranges on the Eskimo 1l test;

PR R

: -, 2. to study the response of a clothed anthropomorphic
E ) dummy (a) standing behind one of the plate-glass win-
E 1 : | dows and (b) sitting in an automobile; and
3. to estimate the hazards to occupants of buildings and
automobiles exposed to similar levels of airblast.
Background
There are many civilian and military organizations concerned with
s the safety of personnel in the advent of a nearby accidental or intentional
detonation of explosive materials. One major problem area has been the

t evaluation of the flying-glass hazard to occupants of buildings, houses,

and automobiles. Experimental and theoretical studies have produced a

T S WY

: fair amount of information regarding the conditions under waich ordinary
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windows will break, but considerably less is known about the character-
istics of the resultant fragments, Referer :e 1 summarizes the available
pertinent data which were obtained mostly by trapping glass fragments
in sheets of Styrofoam (expanded polyatyrene) placed behind windows in
houses located in the vicinity of nuclear and HE detonations at overpres-
sure levels between 1.0 and 5.0 psi. Most of these data were for windows
with a glass thickness of from 0.082 to 0.13 inches, whereas the plate
glass commonly used in buildings has a thickness of from ..18 to 0.28
inches., The only data in Reference ! for plate glass were ubtained from
five identical windows in one house exposed at an overp-eosure level of
2.7 psi. Thus, the Eskimo II test provided an opp.rtumty to fill the gap
by exposing plate-glass windows of several designs tc lower overpresg=-

sure levels than those that had been previously tested.

PROCEDURE
Modules

Ten 9-foot cubical boxes called modules were fabricated and posi-
tioned along the northwest radial (see Figure 1) by China Lake personnel,
Three modules abutted one another at the 3400-foot range, three at 1700
feet, and four 2t 1210 feet. The only openings into each module were a
hole where a window was mounted and an access door which was closed
during the blast. All of the windows faced ground zero, Figure 2 shows

a preshot view of the modules at the 1700-foot range.

Windows

The three types of windows tested are shown at the bottom of

Table I. Types W1 and W2, designated as projected and horizontal-sliding,
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Figure 1. Field Layout for Eskimo II Test,.
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TABLE 1
L
» DESCRIPTION OF THE WINDOWS IN THE MODULES
Parameters for Individual Panes
Window Width, Height, Type of
Type Number | Color* in. in. Glass Frame Type
Pl Copper 45 45 Plate Fixed
Wl P2 Green 45 45 Plate Fixed
P3 Silver 42 20 Sheet Top Opening
P4 Black 42 20 Sheet Top Opening
w2 Pl Copper 34 48 Sheet Horizontal Sliding
P2 Green 34 48 Plate Fixed
Pl Copper 48 90 Plate Fixed
w3 P2 | Green 48 90 Plate | Fixed
* A thin coat of paint was sprayed on both sides of each pane
at 1210 and 1700 ft ground range but not at the 3400 ft ground
range.
. FRONT VIEWS OF THREE MODULES INDICAYING
WINDOW TYPE AND PANE NUMBERS
w2
wl HORIZONTAL- w3
PROJECTED WINDOW SLIDING WINDOW WINDOW WALL
Y - § \\ \
N
\ = % ANE \
N PI \ Pl P2 N \
\ \ N R \
NP3 [ P+ | \\ \ \
N %
N
N MM N N
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respectively, are commercial-type windows used extensively in govern-
ment buildings and comply with, but do not exceed, the Architectural
Aluminum Manufacturers Association (AAMA) specifications. The Type
W3, window-walls, were mounted in a neoprene structural gasket sys-
tem used in Federal office buildings but no AAMA specifications are
available., Three Type W!, four Type W2, and three Type W3 window_s )
were mounted one each in the ten modules. One window of each type was
tested at each of the three ranges. The additional Type W2 window was
located at the 1210-foot range. Some of the panes were spray painted .
different colors to aid in identifying the sources of the trapped fragments

(see Table I).

Sty rofoam

A Styrofoam witness plate was mounted on the inside back wall of
each of six of the modules at the 1700- and 1210-foot ranges in an at-
tempt to irap glass fragments if the window was broken by the blast
wave. The witness plates were fabricated at the Lovelace Foundation
using low-density Styrofoam (Type 1I, described in Reference 2) glued
to 1/2-inch plywood. Each witness plate included two pieces of Styro-
foam each 90 inches high, 32.5 inches wide, and 6 inches thick. Prior
to fabrication, calibration techniques described in Reference 2 were
used to develop a formula for determining the velocity of a fragment
from its mass and the volume of the impression it made in the Styrofoam.
In each module the distance from the window to the surface of the Styro-

foam was a2y proximately 84 inches.
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Cloth Sheets

A cloth sheet (95 inches wide, 95 inches high) was hung behind the
window in each of the three modules at the 3400-foot range in order to
estimate possible penetration of clothing if the windows broke. The
four sides of the sheets were fastened to wooden frames positioned 47

inches behind the windows.

Automobiles 3

Ten conventional automobiles were utilized on this test (see Fig- ,
ure l); eight were situated left-side-on on the northwest radial (one at
1700 feet, two at 1130 feet, and five at 730 feet), and two werc exposed
face-on on the southwest radial (730 feet). No Styrofoam was placed in

any of the automobiles. \!

Dummies

Two anthropomorphic dummies attired in summer civilian cloth-
ing were supplied by the Lovelace Foundation for this test. One of the
dummies was standing 35 inches behind pane P2 in the B4 module at
1210 Feet. This module did not contain any Styrofoam witness plates.
The dummy faced the window with his chest resting lightly against a
narrow metal rod intended to stabilize his pusition prior to shock arrival
while not interfering with subsequent possible blast displacement, The
other dummy was secured by means of a lap seat belt in the driver's
sest of a left-side-~on station wagon located at 730 feet on the northwest

radial (see Figure 1).

S
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Cameras

o AL e

Two high-speed (400 frames per second) motion-picture cameras

were used by China Lake personnel to record the responses of the two
dummies, A refereace grid was painted on the portion of the module

wall in the field of view of the camera in order to facilitate velocity

determinations for the glass fragments and the dummy.
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Overpressure Gauges

Eleven self-recoraing BRL mechanical gauges were positioned,

[ TR [ T TR

two each, at the 3400-, 1700-, 1210-, 1130-, and 730-foot rangec on’

the northwest radial and one at the 730-foot range on the southwest

Lt b

radial. These were supplied by China Lake.

ol Skt

RESULTS AND DISCUSSION
General

PUIT TP PO T

All of the nvodules remained structurally intact and none of the

ol | il !

cloth sheets or Styroroam witness plates were damaged or displaced

P TN

by the blast experience. A total of 426 fragments were trapped from
14 of the 17 panes whichbroke. Window damage was pnoted in eight of
the ten automobiles on the layout. Dummy and glass responses were
] satisfactorily documented with both motion-picture cameras. Good

pressure-time records were obtained from all gauges and average

measured peak incident overpressures are given in Figure 1 for the

five ranges of interest.

1

Windows in Modules

The 26 panes of glass exposed in the modules are listed in Table

I} along with such information as glass thickness, whether or not the

W el s
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pane broke, and the number of fragments trapped. All ten panes at

a

1210 feet seven of the eight panes at 1700 feet, and none of the eight

e o N TR % O

1I also contains the average measured peak incident overpressure, Pj,

EE panes at 3400 feet broke. As expected, only a portion of the glass s R
t i from the broken panes was actually trapped. This is indicated by the é
: % number of fragments on the floor below the Styrofoam shown in Figure f
E 3, a postshot view through the frame of pane Pl in module B2. Table f
F H
o

the calculated (using P;) peak overpressure in the reflected wave at
! the front of the modules, Pr, and the average measured duration of

the positive phase of the incident overpressure, tp.

- T
b

The masses and velocities were determined by procedures des-

wdl

cribed in Reference 2 for all but five fragments which struck so close

to other fragments that the measured volumes of the impressions in

P 6 N P

the Styrofoam were suspect. As in the past, it was noted that for each

pane an approximately linear relationship existed between the logarithms
of the velocities and the logarithms of the masses of the fragments. A
least-squares linear-regression analysis was performed for each pane

and the results appear in Table Il where Vg and Mg are the geometric

g TR [ SR TR RRTOT W AR A, 0

mean fragment velocity and mass, respectively; b and Ey are the slope
] and the standard error in the slope of the regression line, respectively;
: and Egy is the geometric standard error of estimate of fragment velocity,

In addition, Agg is the geometric mean frontal area of the fragments

(calculzted from the density and thickness of the glass and Msg), and

Egm and Ega are the geometric standard deviation of the fragment

et e D Ty

masses and frontal areas, respectively. All 426 fragments were used
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in computing the densities of trapped fragments which, for each pane,

tended to be constant over an area of Styrofoam equal to the size of
the pane. This area was, in general, centered somewhat below the
center of the pane as a result of the fragments' having fallen (due to
gravity) in traversing the distance from the frame to the Styrofoam.
Likewise, the density of trapped fragments for an entire window (i. e.,
counting the fragments from all of the panes) tended to be approximately
constant over an area of Styrofoam equal in size to the window but dis-~
placed downward, The computed average densities (designated as Pg
and 5, for the individual panes and entire windows, respectively)
over these areas of approximately constant density are listed in Table
.

It was noted that the fragment data for panes of appraximately
the same thickness located at the same ground range tended to be very
similar,

Therefor the data were combined into four groups repre=-

senting panes approximately 1/4- or 1/8-inch thick located at the 1210-

or 1700-foot ground range. These groups are shown in Figures 4 through

7. The resalts of a regression analysis for each of the four groups are
given in Table II where it can be noted that for six panes of approximately
1/4-inch-thick glass at 1210 feet the mean velocity of trapped fragments
was 52.1 ft/sec compared to 52 ft/sec for the pane which struck the
dummy as estimated from the motion-picture record.

Figures 4 through 7 also contain the regression lines as well as
lines drawn one standard error of estimate on either side of the regres-

sion lines. In addition, the figures contain curves indicating the
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probability of a fragment's penetrating 1 cm of soft tissue as given in
Reference 3. It can be seen that, of the 421 trapped fragments for
which masses and velocities are available, only ten had at least a 1.0-
percent probability of penetrating 1 cm of soft tissue. These fragments
are listed in Table III. Nine of the ten occurred at the 730-foot range
where fragments were trapped behind eight panes giving an average of
about one fragment per pane with a significant (21.0 percent) probability
of penetrating 1 cm of soft tissue. The highest probability computed at
t.hi.s range was 44 percent. In contrast, only one fragment with a signi-
ficant probability (4.0 percent) of penetrating was caught behind the eight
panes at the 1700-foot range giving an average of about one-tenth frag-
ment per pane.

In order to make comparisons between this and prior experiments,
the current data were plotted in Figures 8 through 10 which were modi-
fied from Reference 1. In these figures, it can be seen that the fragment
velocities, frontal areas, and densities for the current data tend to line
up reasonably well with the corresponding values for the pricr data when
plotted against effective peak overpressure, taken to be P for the cur-
rent data since all the windows faced the advancing blast wave, However,
on all three figures the current data tend to fall above the regression
curve based on the prior data only. Thus, the current data suggest that
in each case the shape of the regression curve might need to be modified
for the lower overpressures. In the case of the mean fragment velocity,
this is probably because the fragments with low velocities will not be

caught in the Styrofoam.
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TABLE 11

WINDOW GLASS FRAGMENTS WITH A SIGNIFICANT *

PROBABILITY OF PENETRATING 1 CM OF SOFT TISSUE
Probability of
Fragment | Fragment Penetrating 1 cm
Module Pane Mass, Velocity, of Soft Tissue,
Number | Number gm ft/sec percent
' E
; Bl Pl 0.29 178 1.4
5.03 160 i2.0
|
1.03 149 1.6 =
' ) 1.95 154 4.0
B2 P2 3.51 162 11.0 1
2.11 187 21.0
P2 0.58 154 1.1
i
: B3 P4 0.55 169 2.3 3
| 0.97 239 44.0
| B6 P3 0.17 233 4.0 o
‘ * 21.0 percent.

g
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GEOMETRIC MEAN FRONTAL AREA OF FRAGMENTS, A, in

s T l 1 T
- ® Regression Curve (for prior data only): |
~ o InfAse) =24 - V2.5 + (0.4038F,)°
0SF— Q SEE: 0.423/ In Units =
L ~ -ﬁ
0
a o X
0.2 —
0.1 7
]
0.05 ]

Symbo/ OData ! \

o prior 0.219 to \
@ current 0264

0.02—- Q prior 0.080to
® current 0./28

\
Note: 1t is the glass thickness ininches \

00! 1 I R R HEN
0 2 4 6 8 10 12 i4
EFFECTIVE PEAK OVERPRESSURE, R, , psi

Figure 9, Geometric-Mean Frontal Area of Fragments vs.
Effective Peak Overpressure.
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Scaled Average Max.mum Density of Trapped
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pressure,
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Dummy in Module

The window pane (P2) 35 inches in front of the dummy was broken
by the blast wave. From the motion-picture record it was determined
that many fragments struck the upper half of the dummy with an average
velocity of about 52 ft/sec. However, the only effects noted on the dum-
my were three 1/8-inch-diameter holes in the shirt. One was located
near the left shoulder and two were along the left arm about the level
of the elbow. There was no damage or lacerations to the dummy itself
beneath the small holes in the shirt and the fragments did not adhere to
the material.

As a result of being struck by the blast wave and glass, the dummy
was accelerated such that his head and center of mass were moving back-
ward at 1.2 and 0.75 ft/sec. respectively. He was found in a supine po-
sition and, although the actual impact could not be seen in the film record,
it was estimated that his head and center of mass impacted the floor at
vertical velocities of 20 and 13 ft/sec, respectively. It was further esti-
mated that the dummy required about 1.3 sec to impact the {loor which is
about twice the predicted average time required for the glass fragments
to fall to the floor. It would thus be expected that th: dummy wouid fall
on top of the glass fragments on the floor, and sucl was found to be the
case, Several large cuts were found on ithe back cf the hat and shirt of

the durnmy as a result of his having fallenonto the glass,

Windows in Automobhiles

The locations of the autornobiles on the layout are indicated in

Figure 1, and the observed wirdow damage is documented in Table IV.
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TABLE IV

AUTOMOBILE WINDOW DAMAGE

Ground
Range, P‘. Automobile Windows
ft pei Orientation | Number| Deascription Damaged Extent of Window Damage
Al Renault None None
Windshield Completely broken out
Left Rear- Multiple fractures
Face-On Door
A2 Pontiac Right Front- Completely broken out
Door
Right Rear- Multiple {fractures
Door
Dodge® Windehi-1d Multiple fractures
A3 Station Left Rear-
Wagon Door (Sidepr*] Completely broken out
70 1.2 A4 vw Left Door Completely brokep out
Left Left “ront- Completely broken out
Side-Cr Door
AS Peugeot Right Front- Completely broken out
Door
Windshield Multiple fractures
A6 Chevrolet Left Rear- Completely Lroken wut
Door
A7 Dodge Left Door Multiple fractures
Fuel Truck Left Vent Multiple fractures
A8 VW Bus Windshield Multple {ractures
Left
1130 0.62 Side-On
A9 Lincoln Windshield Multiple {ractures
1700 0,41 ls“:‘:_o" AlO Buick None None

* An anthroporsorphic dummy was esecured in the driver's seat ot this station
wagon by means of a lap seat belt.

*s Analyeis of the film record from the camera (402 frames p3r second) viewing
this window indicated that the fragments had a mean velocity of about 11 it/eec.

Note: There was no evidence that any of the automobile windows ware broken by homb
fragments or crater ejecta rather than by the airblast itself,

273

o S

b4

ikl

™ ‘HH“WW;MHWMMN

s, el il

Ll

4
wl

il L o

=
3

E
E
3

ol

T P LT

il

i

3
3
3
3
|
i
i




RO o B T Tl LT

LN AR

||| S TP e

"R

-

bt

10 TRy O [ 0T W T e

¢
]
i
£

e . TR GRS

e e e e e D m mm w o PR

At 730 feet (1.2 psi) the most common damage was to windshields and
door windows, particularly on the side of the automobile facing the
c.acoming blast wave. On the average, about two windows per auto-
mobile were damaged, of which approximately one half completely
broke out and one half sustained multiple fractures but remained in
place. Both automobiles at 1130 feet (0.62 psi) sustained only multiple
fractures of the windshields. None of the windows in the automobile
at 1700 feet (0.41 psi) were damaged. There was no cvidence that any
of the automobile windows were broken by bomb fragments or crater
ejecta rather than by the airblast itself.

Fragments from the window which broke out in automobile A2
traveled across the field of view of the motion-picture camera, From
analyzing thie record, it was determined that their average velocity
was about 11 ft/sec. It io estimated that fragments with this low of a
velecity would have a very small probability of peretrating 1 cm of

soft tissue.

Dummy in Automobile

No darage was observed to the dummy secur~d by means of a
lap se.at belt in the driver's seat of the lead -side-oﬁ station wagon (A3)
at 730 feet (1.2 psi). The onty w’adow which bro'e out in this auto-
mobile was the one in the left rear side door, but none of the fragments
struck the dummy. From the motion-picture record it was determined
that the dummy s3suffered no significant displacement during the blast

experience.
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MECHANISMS IN SHOCK INITIATICN OF DETONATION

Ph. p M. Howe
Terminal Ballistics Laboratory W, Ballistic Research Laboratories
Aberdeen Proving Ground, Maryland 21005

At the BRL, we have been very much concerned with being able to
generate criteria by which one could predict the sensitivity of high
explosives to various shock loading conditinnsg, and as a function of
the physical properties of the explosive.

Qualitatively, and in a rather gross sense, the mechenisms of
initiation of detonation are well understood. Early investigations of
the shock initiation of physically homogenecus explogsive systems; such
as nitromethane, have shown the initiation mechanism to be consistent with
the assumption of shock heating with subsequent chemical reaction (ref. 1,2).
After an induction time, enough heat 1is released, due to chemical reaction,
to cause a detonation to occur at the rear surface of the charge and
propagate through the shocked medium, eventually overtaking the initial
shock wave, However, when the explosive charge is physically inhomo-
geneous, such that there are density discontinuities within the explosive,
the initiation does not result only from bulk heating, but rather depends
strongly upon ignition occurring at sites where the shock waves interact
with these inhomogeneities. These two modes of initiation are shown
schematically in Figure 1,

As shown in Figure 1, the heterogeneous mode of initiation tends to
produce a smooth acceleration of the shock wave to a steady detonation
state., The homogeneous mode is characterized by a discontinuity in the
initial shock velocity at the point in time and space where the detonation
wave overtakes it These two modes represent extremes in behavior.

There is evidence in the literature showing that both modes can be present
in the same system (references 3,4,5). The degree to which each mode
contributes ic determined by the physical state of the explosive.

The init ation of detonation in homceeaeous systems has been modelled
successfully by means of thermal explosion theory (ref. 2). However, this
theory has been less successful in the treatment of heterogeneous initiation,
The reason for this is beLause of the additional complications in the
initiation introduced by the hetspots. The presence of density discontinuities
introduces local perturbations in temperature when the sample of explosive
is shock loaded, and the sensitivity of the explosive presumably can depend
upon, (1) ignition of reaction at hotspote; and (2) establishment of a burning
reaction within the bulk explosives. Thus, it becomes very important to
understand how these cwo processes contribute to the initiation process and
how theilr effects are influenced by the physical state of the explosive,

i.e., by the explusive density, particle size, etc.
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Lindstrom studied the shock initiation of tetryl as a function of
loading dengity (ref, 6)., His results, shown in Figure 2, clearly
indicate that more than one mechanisw is operative with a change in
dominant mechanism occurring between the 1.70 g/cc density and the
1.60 g/cc density systems. The interpretation given by Lindstrom was
that the buildup processes were independent of density, depending only
upon the particle velocity for weak shocks, and became primarily pres-
sure dependent for strong shocks. Howe re-examined the data of
Lindstrom and discovered rhat the data for the four lower densities
had a common minimum value for the particle velocity, at which value the
time to detonation approached infinity (ref. 7). This was interpreted
as evidence for a minimum hotspot energy density for ignition. The
further assumption was made that the buildup curve was controlled by a
surface area (void volume fraction to the two-thirds power) dependent

grain burning reaction. These assumptions allowed scaling of the data
as shown in Figure 3.

A major weakness of the above interpretation was that it required
assumption of the loading density -~ surface area relationship. Boyle
et &l overcame this difficulty by creating a hetarogeneous explosive
system using nitromethane with inclusions, where the inclusion volume
percentage and size were carefully controlled (ref. 8). Their results,
shown in Figure 4, support the grain burning assumption, as the time
to detonation was clearly inversely proportional to the total surface
area of the inclusion. Suprisingly, they were able to introduce a

scaling factor which accounted for the effects of difference in shock
impedence,

Scott examined the effect of particle size upon initiation of detona-
tion (ref. 9). He concluded, after Seely (ref. 10), that the shock sensi-
tivity problem consists of two steps, ignition and reaction, and "that
larger particles are more sensitive than smaller particles" i.e., that
ignition occurs more easily for large particle size samples, and that

"smaller particles, once initiated, more readily reach a stable, high
order detonation'",

Marshall studied the effect of interstitial gas on the shock sensi-
tivity of coarse, granular HMX (ref. 11). His results show that the
sensitivity of the system, i.e.,, the minimum pressure required to initlate
detonation, was markedly dependent upon the nature and initial pressure
of the interstitial gas., However, a plot of lost time (proportional to
time to detonation) versus attenuator thickness shows that the lost time
is independent of the presgure and nature of the gas, and depends only
on the pressure of the initiatirg shock. These results were interpreted
by Marshall as indicating the presence of two mechanisms.
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The first of these, an ignition mechanism, determined whether or not

the charge will detonate, and was strongly affected by the ndture and

presence of the gas. The second mechanism operated during the buildup 2
phase, accounted for nearly all of the lost time, and was indepa2ndent : —
of the gas properties and pressure. E

g

In 1ight of the above, it 18 instructive to reconsider the data of =
Boyle (ref. 8) et al, In Figure 5, his data are replotted, showing the =
time to detonation versus the total inclusion surface area per unit volume, '
All of these data were obtained using the same input shock pressure;

: the difference in slopes of the two inclusion materials. The results

‘ shown in Figure 5 are clearly consistent with the data of Scott, when it 4
; is realized that the smaller the particle size, the greater the surface i
area, therefore, the more rapid the buildup to detonation.

The importance of all of the above work is that it suggests that one 3
must consider the initiation process as congisting of two ccensecutive 3
processes} an ignition step, dependent strongly upon local perturbations in E
energy dengity, and a buildup phase, dependent strongly upon the surface
area of the density discontinuities. To check this hypothesis, the data
of Boyle et al were replotted, using a set of cocordinates which might
show this. VFigure 6 shows the time to detonation, plotted on the ordinate,
versus the reciprocal of the total inclusion surface area per unit volume.
For each type of inclusion, a linear relationship is obtained, showing
indeed that the process is governed by a surface area dependent rate process.
However, the ordinate intercept is non-zero and different for the two types :
of inclusions, showing clearly that there is a contribution to the time to 3
detonation that is not surface area dependent. We identify that time as 3
being the induction time for ignition, dependent only upon the nature of =
the density discontinuity, the strength of the initial shock, and the :
chemistry of the explosive,. E

Boyle et al used an energy demsity factor to account for the relative B
efficiencies of the two types of inclusions. This factor was obtained 2
by calculating the energy density in the explosive after it had been processed
by the shock reflected from an inclusion. An empirical relation was
then obtained by plotting the time to detonation versus this energy
density for a single buildup curve, obtained with a system containing
102 (volume) 80 micron Al1203 powder., The result of introducing this cor-
rection factor is shown in Figure 7. The important things to note are
: that (1) the slopes of the two curves are the same indfcating that the
: energy density factor correctly accounts for the buildup behavior, and (2)

: a non-zero intercept of the ordinate persists. From this, one can conclude
L that the evolution of the buildup is proportional to a function of the

: hotspot energy density and is inversely nroportional to the inclusion
g surface area. Furthermore, a measuracle, but small contributiun to the time -

i to detonation arises from from « surface area independent ignition phase,
’ which contribution depends upon the inte nal enerzy density. g
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In summary, experimental evidence to date suggests that the shock
initiation of physically heterogeneous explosives is best considered in
terms of two processes; an ignition process, independent of the surface
area of the density discontinuities, and a buildup process strongly
dependent upon the surface area.
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DROP~WEIGHT IMPACT SENSITIVITY (' ‘P GLE CRYSTAL AND POLYCRYSTALLINE
EX? 78 IVES

James E, ‘ole
Terminal Ballistics Laboratory-W, Ballistic Research Laboratories
Aberdeen Proving Ground, Marylarnd

ABSTRACT

The purpose of this work was to determine the sensitivity of
single crystals of PETN, HMX, RDX and TNT to impact, and to compare
the single crystal impact sensitivities to similar weight samples of
polycrystallites. This information was needed to insure safety in handl-
ing prior to proceeding in a more detailed program using large single
crystals.

Since the results of impact testing in a general way agree with
safe handling experience gcnerated over the years, drop-weight impact
sensitivity using type 12 tocols was chosen to test both single and poly-
crystalline explosives.,

Values determined for 20mg samples were as follows: polycrystalline
TNT, 25 cm; HMX, 20 cm; RDX, 30 cm; PETN, 10 cm. The single crystal
sensitivity values were lower except TNT, i.e., TNT, 56 cm; HMX, 16 cm;
RDX, 18 cm and PETN, 10 cm. For this sample weight, only the single
crystals ranked the four explosives in the order normally found in the
literature,

The impact sensitivity of TNT was dependent on the sample size,
Unexpectedly, it was found that the sensitivity of the polycrystalline
explosive increased as the sample decreased. HKHowever, the sensitivity
of the single crystal explosive decreased as the sample size was decreased.

We concluded that explosive operations with large single crystals of
secondary explosives are less hazardous than the operations we presently
perform with smaller polycrystalline explosives,

I. INTRODUCTION

The purpose of this work was to determine the sensitivity of single
crystals of PETN, HMX, RDX, and TNT to impact and to compare the ringle
crystal impact sensitivities to polycrystalline impact sensitivities of
equal welght sampleg,
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This information was needed to insure safety in handling prior
to proceeding in processing operations involving blending, transfer

by pouring and melt casting of INT onto large crystals of the other
explosives.

Since the results of impact testing in a general way agree with
safe handling experience generated over the years, drop-weight impact

sensitivity using type 12 tools was chosen to test both single and poly-
crystalline explosives.

II. PROCEDURE

The explosives chosen for both the polycrystalline and single
crystal teasts were obtained through Army supply channels and used
without purific-tion.

Fach explosive was screened through a number 50 sieve (297 micron
opening) onto a number 100 sieve (149 micron opening). The screened
sample was divided into a portion for the polycrystalline test and a
portion for the growing o. single crystals. To provide a purity record,
differential thermal analysis thermogram (DTA) and selected properties
were obtalned for each explosive, as shown in Table I.

The single crystals were grown from saturated sgolutions by evapora-
tion of the solvent. TNT and PETN crystals had the regular crystal
habit**, When grown without purification of the starting materials;
however, RDX and HMX had the regular crystal habit only from certain
containers which were originally made productive by washing with acetone

ar.d by the selective removal of crystal agglomerates during the first
two evaporations.

The term single crystal is used here to describe a single growing
mass with sharp angles and plane faces. When the crystals were estimated
to be of the correct weight, they were removed from the solution and
dried between filter paper. After the crystals were dry they were
weighed and grouped according to slize. For each size group of single
crystals, twenty samples of polycrystalline explosives with the same
weight were weighed into individual containers and stored with the sin-
gle crystals until it was time to make the impact test,

The drop-weight (impact) apparatus, as shown in figure 1 is a BRL
modification of the Bureau of Mines impact apparatus. The apparatus is
bolted to a concrete pillar and the tool and impact area are surrounded

*] (references are listed on page
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by an aluminum-framed plastac box to protect the operator, shown in
figure 2.

The tools used in this experiment were the type 12 tools shown
in figure 3 and desc -ibed below:

1. Anvil made from Ketos Steel, 59-60 Rockwell C.

2. Anvil support made from mild steel and bolted to base,
3. Plunger guide made from mild steel.

4. Plunger made from Ketos Steel, 59~-60 Rockwell C.

5. Replaceable end for drop weight,

6., Drop-weight - 2 kg, size,

The tests were conducted at a room temperature of about 22°C and a

relative humidity of 50-70%. The anvil and plunger were changed after
) twenty drops or less if their surfaces were excessively pitted. Garnet

coated sandpaper 180(5/0) grit was positioned on the anvil between anvil
and plunger for sandpaper tests.

The anvil area was 7.55 cm2 and the sandpaper area was 6,45 cm2.
However, the contact area between explosive and anvil was of the order
of 0.04 to 0.10 cm?., The single crystals were oriented with their longest
axes facing front to back. Polycrystalline samples were placed in a
mound at the center of the anvil,

The initial setting to begin drop testing was taken from the litera-
ture*? and up-and-down testing was begun at that height =etting. Each
twenty sample set of the polycrystalline explosive was tested, followed
by testing of a twenty sample set of the single crystals. For each drop
height the number of explosions and the number of nonexplosions was recorded
and used to calculate the height for 502 explosion*3. Those explosives
for which we had sufficient samples were tested with sandpager supporting
the sample as well as bare metal surfaces.

III. RESULTS AND DISCUSSION

The effect of sample size on sensitivity was examined for polycrystal-
line PETN and TNT. The results shown in Figure 4, indicated that the sen-
sitivity of polycrystalline TNT increased with decressing sample weight,
wvhereas polycrystalline PETN remained relatively insensitive. These
v tests were made with the type 12 tool, with sandpaper, which 18 the most
stringent condition available. The same trends were obtalned for the case
of TNT without sandpaper.

. As the purpose of this effort was to consider the sensitivity of the
z samples from a hazards standpoint, a 20 mg sample was chosen as a standard
: size for further tests. This sample size was sufficiently large to permit
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precise measurement and ease in handling, while still maintaining a high
sensitivity, 1.,e, lower drop height.

Polycrystalline and single crystal explosives were impacted using
a type 12 tool with saudpaper. The data in Table II show polycrystalline
and single crystal PETN to be equal in sensitivity, TNT in the same
test comparison was less sensitive in single crystal cenfiguration. HMX
and RDX single crystals were found to be more sensitive that their poly-
crystalline counterparts. This was true not only for the 20 mg sample,
but also for larger and smaller weight that were tested.

Grit is not an expected contaminant of an explosive; therefore
we also tested under less severe conditions by using the type 12 tool
bare. The impact height of all four explosives increased. From Table II
it 1s seen that the PETN single crystal is less sensitive than the
polycrystallite, but the TNT single crystal is more sensitive than the
polycrystallite. The difference between the single crystal and the poly- -
crystallite sensitivity is not distinguishable for either RDX or HMX.

The sensitivity of all the explosive samples tested was such that
normal procedures for handling and proceseing explosives could be followed.
IV. CONCLUSIONS

The order of impact sensitivities using either single crystal or

polycrystalline sample remained the same i.e., PETN most sensitive fol-
lowed by HMX, RDX, and TNT.

A single crystal between bare metal surfaces should not be considered
to be supersensitive.

Grit sensitized the single crystals of PETN, RDX and HMX but didn't
sensitize single crystal TNT.

Grit supersensitized polycrystalline TNT but it didn't supersensitize
any of the other crystals,

Large single crystal sample sizes of PETN, RDX and HMX were found
to be less sensitive.

For single crystal HMX and PETN, explosion on impact was achieved
without grit and without apparent internal voids.

For single crystal RDX 98,9Z TMD, and TNT 99.4% TMD absence of internal
volds, explosion was achleved without grit,

The sensitivity of all the explcsive semples tested was such that
normal procedutes for handling and processing explosives could be followed
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SENSITIVITY MEASUREMENTS OF AN ENCAPSULATED
LIGHT-SENSITIVE EXPLOQSIVE

by

A, B, Wenzel
Southwest Research Ingtitute
San Antonio, Texas

I. INTRODUCTION

During the fall of 1969, s.aff members of the Department of Mechani-
cal Sciences at Southwest Research Institute (SwRI1) embarked on an in-house
program to investigate if light-initiated silver acetylide-silver nitrate (SASN)
could conceivably be used to initiate a less sensitive but more powerful ex-
plosive, retaining the good simultaneity of ignition of the SASN and utilizing
‘he higher pressures and impulses possible with more powerful explosives.
We investigated this possibility using pentaerythritol tetranitrate (PETN) as
a secondary explosive. As in all the experiments conducted under our inter-
nal research projects, the efforts were exploratory in nature and were ter-
minated when we felt we had demonstrated the feasibility of the process. Ex-
tensive experiments were made in spray-depositing the PETN to obtain uni-
form density coatings, It was found that PETN can be gsprayed in a guper-
saturated solution of acetone, or by using carbon tetrachloride or any of the
several straight chain or ring type hydrocarbons as carriers. Some binder
wa.s needed to strengthen the sprayed or cast film. Carbon tetrachloride-
Elvax-PETN resulted in a good mixture for casting or spraying. This mix-
ture sprayed well and the coating produced was fairly strong and dense. Re-
liable detonations were obtained with coatings requiring at least 25 mg/cm2
of silver-acetylide. Impulsive levels up to about 30 kilotaps were measured
with Valpey quartz pressure transducers to determine pressure ranges of
this PETN system. This transducer only records for 866 nanoseconds, and
peak pressures at the end of this period wers recorded as high as 10 kilobars.

We felt that the feasibility of this technique for achieving high level impulses
with good simultaneity of initiation over large areas had been demonstrated
with these experiments, and therefore terminated this phase of the project.

In Mavch of 1970, a test was conducted for the purposes of d.emon-
strating that high impulses can be imparted explosively to the surface of a
structure using an explosive train of SASN anda PETN. The primary explo-
sive, SASN, was initiated by intensge light flash, in the manner developed at
SwR1. Although this demonstration experiment was conducted using a sample
with small area (3 x 3 in?'), excellent simultaneity of detonation of the PETN
wa3 achieved and should be possible tc be used vver much larger areas.

Preceding page blank 301
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The recovered aluminum plate showed a dense smoke trace pattern
over the 3 x 3 in? area covered by the SASN, indicating submicrosecond
simultancity of detonation over this area. The PETN detonated completely,
and considerably enlarged the cavity in the plate as a result. The plate
gave every appearance of excellent simultaneity of initiation of the PETN.

The total specific impulse as measured with a ballistic pendulum was 11.3
kilotaps. *

The purpose of this simple experiment was to demonstrate that im-
pulses in excess of 100 kilotaps can be obtained from the combination of a
layer of SASN over PETN. There is no fundamental reason why higher im-
pulses could not be easily obtained, simply by employing thicker layers of
PETN. Similarly, there is no fundamental reason why other secondary ex-

plosives such as Composition B, Pentolite, TNT, etc., cannot be initiated
with this combination,

From these preliminary investigations, it was felt that an efficient
plane wave generator could be developed from a SASN-PETN combination.
Under sponsorship from the Ballistic Research Laboratories, SwRI is cur-
rently working on a program, the objective of which is to generate a plane
wave lens using SASN-PETN combination, and to demonstrate that the lens

will initiate a steady-state detonation in a secondary explosive such as Com-
pcsition B or Octol.

To safely handle the plane wave generator in the laboratory, it was
necessary to develop a SASN formulation which would be gafe to handle and
whose sensitivity to friction and impact is reduced from the present SASN
formulation while maintaining its light initiation. Additionally, these new
SASN formulations should not be sensitive to flagh irradiation (as when a
200-watt incandesc~nt light bulb at 1 ft from: the charge, burns out), nor to
direct sunlight, To accomplish this, various samples of a plasticized poly-
mer silver acetylide solution containing various<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>