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I. INTRODUCTION

The Army Materiel Systems Analysis Activit)<AMSAA) is making an independent

study of the transport hazard of certain chemical munitions. As a part of this

overall study AMSAA tasked the Ballistic Research Laboratories (BRL) to con-

sider the specific problem of safely transporting pallets of rockets from their

igloo storage area to the demilitarization facility. The initial BRL response

to this request was based on experience derived from antifratricide work on

stowed munitions and work performed for the suppressive structures program. On

this basis, it was recommended that a cylindrical container with hemispherical

end caps be designed strong enough to totally contain the detonation effects of

one rocket warhead. Furthermore, it was suggested that the technology existed

to guarantee that one and only one rocket would participate in an explosive

event. As a result of this exchange AMSAA then forwarded funds to make a very

quick study to answer five specific questions:

1. Estimate the probability of round to round communication of reaction

in a fifteen round pallet of M55 rockets

2. Provide a conceptual design to prevent communication of reaction and

estimate hazard reduction

* 3. Calculate wall thickness and weight of cylindrical container with

hemispherical end caps. Fifty inches in diameter for axial charge weights of

3.2 lbs. (one munition) and 6.4 lbs. (two munitions)

4. Provide an estimate of the cost of such a containment vessel

5. Provide follow-on plans to accurately define, design, and test a total

containment vessel.

II. RESPONSE TO REQUEST

*The following is a response to the AMSAA requests in the order listed in

the Introduction.

A. Communication of Reaction

A cross section of the M55 rocket warhead is shown in Figure 1. In their

0 palletized configuration they are in a rectangular array with 2.1 cm separation

horizontally and 3.5 cm separation vertically. The diagonal separation is 9.1

cm. For those conditions, it was the opinion of the author that it was

unlikely that detonation of one warhead would cause detonation of its neighbor.

This is verified by tests described in reference 1. These warheads, because of

1Smith and Kennet, "Propagation Between Munition for Palletized M61 Rockets,"

AEO Report #24-77 T-410, Ammunition Equipment Office, Tooele Army Depot,

3 Oct 77.
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CONTAINER, SHIPPING 12.38 CM. OD
Z0.47 CM. WALL

" AGENT CAVITY

i 3.05 CM

BURSTER TUBE 4.29 CM. OD
~0.16 CM. WALL

L BURSTER CASING 4.74 CM. OD

0.16 CM. WALL.

WARHEAD 11.28 CM. OD
* 0.23 CM. WALL

Figure 1. Cross Section of M55 Rocket Warhead
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their light construction, pose little fragment threat to adjacent warheads.

Because of their light construction, they also provide little protection to the
explosive charge when an adjacent round is detonated. Previous antifratricide
work at BRL provided no insight as to the effect of the liquid surrounding the
explosive.

Reference 1 says nothing about recovering explosive from burster tubes of

warheads adjacent to the detonated warhead. Most burster tubes were recovered,

however, even though they had received considerable damage. This confirms our
judgement that without some protection, rounds adjacent to a detonated warhead
will receive substantial crushing and quite possibly the explosive will react
although the reaction will be milder than a detonation.

Due to the short time available, it was decided to test a mock-up of the

warhead to obtain first hand information. Because the M61 rocket warheads
could not be obtained quickly, a mock-up of the warhead was made from material
on hand. It was further decided that where appropriate material in the proper
dimensions could not be found, to err on the side of making the mock-up more

susceptible to communication of reaction. Two mock-up iarheads were made, one
as a donor, the other as an acceptor. The principal difference between the
mock-up and the warhead were:

6 1. The outside diameter of the mock-up was 9 mm smaller and the wall

thickness 3 mm thinner.

2. The burster tube in the mock-up was 8 mm larger in diameter giving

nearly forty percent increase in the charge weight per unit length.

3. The space between the burster tube and the outer wall was 8.0 mm less

than for the warhead.

These differences combine to make a very severe test of probability of

communication of reaction, but was the closest we could achieve on a short
notice. Considering the possible results we concluded that: (a) if the

acceptor round detonated we would have learned nothing, (b) if the acceptor
round burster was recovered with some explosive intact the problem was very
mild, and (c) if the acceptor burster was not recovered and no explosive was
recovered, but also, if there was no evidence of detonation we would face a
solvable, but possibly difficult problem.

The test was fired with a separation distance of 2 cm between donor and

acceptor. Both rounds were placed on end on a 2.5 cm thick rolled homogeneous

armor plate used as a witness plate. A mild steel witness plate 1.3 cm thick
was placed 10 cm away from the side wall of each round, and backed by sand
bags. The donor round was initiated at its top end by a detonator and tetryl

booster charge. The witness plate beneath the charges showed the typical
detonation signature under the donor round, i.e.: indentation and disk of steel

spalled from the back surface. No such signature was found under the acceptor
round. The side witness plates were deformed with the plate nearer the donor
showing more deformation. No explosive from the acceptor was recovered, but a

few fragments of the acceptor burster tube were recovered. The explosive
reaction in the acceptor was less than a detonation, but still a rather violent
reaction.

9



The conclusion is that nearest neighbors to a M55 palletized round that

detonates will not detonate sympathetically, but the explosive charge in the
neighboring burster tube may react quite violently. In order to prevent any
reaction some antifratricide protection must be provided between adjacent
rounds. The nature of this protection will be discussed in the following
section.

B. Antifratricide Protection

The apparent mechanism for communication of reaction is a crushing of the

adjacent round and ignition of the explosive. This is in contrast to shock
initiation or initiation by fragment impact. The goal of the protection in
this application is the prevention of rupture of the burster tube. A less
desirable, but still acceptable goal, would allow rupture but preclude _gnition

of the explosive. The current level of knowledge as to the details of inter-
action when one warhead detonates is limited, but none-the-less indicates the

above goals are reasonable and attainable.

The exact design of the protective device used will depend on the final

design of the containment vessel. Constraints which must be accommodated are:

(1) Devices must be easily installed by two men maximum.

(2) Devices must be reusable.

(3) Protection should not require depalletization of the munition.

(4) Protection should not preclude the use of the SPORT (Single Pallet
Only Rocket Transporter).

Discussion in a following section shows alternative solutions, but for

this section the constraints above will apply. The concepts described below
are only concepts and the detailed design must await the testing and
experiments with actual M61 rockets.

Figures 2 and 3 show the palletized rocket configurations, an end view and
a side view. The end view indicates that there is a space available extending
through the pallet saddles for insertion of material to provide round to round
protection in the horizontal rows of munitions. Between rounds in a vertical
column, material inserted from the front can only extend as far as the first

r- 0 pallet saddle, approximately midway along the warhead. Likewise, should pro-
tection be required between second nearest neighbors (along a diagonal) from
front insertion these can only extend to the first pallet saddle. Protection
aft of the first pallet saddle between rounds in a vertical column can be

S-.provided by insertion of plates between the center row and the top and bottom
rows. Protection between second nearest neighbors aft of the first pallet
saddle is possible by insertion of vertical plates.

Designation of the most efficient material for antifratricide protection
cannot be determined at this point because of the lack of test data. Because
protection from crushing is the expected requirement, metallic cylinders may be
the best approach, but one must be cautious as the potential exists to create a
fragment threat where none exists at the moment. An example of how protection
might be achieved is to design a plate to replace the panel currently on the
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front of the pallet which could support protective devices for the section of

the warhead forward of the first pallet saddle, and between rounds in hori-

zontal rows aft of the saddle. Such a plate would be easily handled by two

men and provide the bulk of the required pallet protection in one operition.

In spite of the lack of test data, the uncertainties of the best antifratricide

materials to use, and the lack of a firm design concept for the containment

structure; it can be stated with a high level of confidence that an anti-

fratricide design can be fabricated which will limit the maximum credible event

to the detonation of one and only one munition. An extensive test series would

be required to optimize the design.

C. Container Wall Thickness Calculations

To perform calculations on the thickness of steel required in a

cylindrical containment vessel it is necessary to specify the blast loads and
load duration. There was insufficient time to exercise available computer

codes to establish these loads and their time history. Analytical techniques

were used to calculate the maximum loads and load durations. For the dynamic

load calculation the cylinder was assumed to be infinitely long with an inside

diameter of 1.278 meters. For the static loads the cylinder was assumed to be

2.54 meters long. Charge weights were selected to be 1.45 kilograms and 2.90

kilograms. Charges were assumed to be spherical and located on the cylinder

axis.

The steel chosen for these calculations was 1020 which is a common mild

steel, and the yield stress value used was 240 megapascals. Typical one

dimensional tensile tests show an ultimate stress limit of 475 megapascals for

1020 steel. Thus a safety factor of nearly two is built into the calculations.

The results obtained gave wall thickness of 27 mm and 39 mm to contain the

dynamic loads from the two charge weights used. Similarly static loads were

contained by wall thickness of 15 mm and 30 mm respectively.

In these calculations no account -as taken of potential fragment damage,

off center charge location, finite cylinder length for dynamic loads, charge
shapes other than spherical, and other practical but complicating con-

siderations. Modeling of these aspects can be done with existing computer

programs and is a part of the proposed follow-on program.

D. Containment Vessel Conceptual Designs and Cost Estimates:

The concepts considered in this study are all based on the assumption that

the maximum credible event is the detonation of one and only one rocket war-

head. The designs are such that the explosion fragments and agent are totally

contained within the vessel. The most efficient design for containing pressure

is a cylindrical container with hemispherical end caps. All containment vessel

designs are the same with only size variation to accommodate various opera-

tional approaches, and each have their own set of advantages and disadvantages.

The designs sketched in Figures 4, 5, and 6 have only approximate dimensions

assigned to obtain weights and costs. No consideration was given to the

details of closure or internal hardware.

Concept No. 1 is large enough to contain a full pallet of M55 rockets in a

SPORT. This design is too large to fit through the igloo door and consequently

13
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II

K provisions must be made for insertion of the SPORT outside the igloo. This is

not a major problem as transport can be done with a conveyor track

Concept No. 2 is smaller than the previous design, but is still too large
to fit through the igloo door. It will contain a fully loaded pallet without
the SPORT. It's weight is substantially less, but still pallet loading must be
outside the igloo.

Concept No. 3 is small enough to fit through the igloo door. It can
accept slightly more than one full pallet of M55 rockets, but the rockets must
be depalletized inside the igloo which means the dunnage must be transported
separately for disposal.

Each of these containment vessel designs can be readily mounted on a
trailer for hauling to the demil facility. The two larger designs would be
mounted crosswise on a trailer while the latter would be better mounted
lengthwise. Each design can also be fitted with various monitoring ports,
drains, etc. as required giving consideration to the structural integrity of
the container. Concept No. 3 has many advantages, but requires handling
individual rockets, and this handling may possibly produce leaks in the
warhead. This possibility is under investigation now by other agencies. This
design allows for larger round to round spacing than does the pallet, and
antifratricide can be built in, as an integral part of the vessel.
Furthermore, these containers would serve as ready storage at the demil site
while awaiting processing with only security to prevent tampering required.
Decontamination could be easily accomplished. The ease with which they could
be loaded would lead to rapid turn around times. The major advantage seems to
be that less material handling equipment is required.

Table No. 1 compares the dimensions, weights, and rough cost estimates for
these three designs. Here again, the smaller design has advantages in both
weight and cost. For example, if one planned to process 10 containers a day,
15 containers of the smallest size could be obtained for the cost of 10 of the
next larger size. This allows some to be used as ready storage at the demil
site.

Table 1. CONTAINMENT CONCEPTS

DIAMETER LENGTH WEIGHT
IN IN IN COST

L METERS METERS KILOGRAMS IN

CONCEPT (INCH) (INCH) (POUNDS) K DOLLARS
ENCLOSE SPORT 1.50 3.12 4182 30

(59) (123) (9200)

4 ENCLOSE PALLET 1.24 2.62 2864 22

(49) (103) (6300)

DEPALLETIZE 0.99 2.62 2500 15

(39) (103) (5500)

17

6



E. Follow-on Study

The implementation of a container for safely transporting M55 rockets to a
* demil facility would require a more detailed study in order to specify more
*accurately the container wall thickness and the necessary antifratricide

protection. A brief narrative description follows which is keyed to an outline
with cost estimates (Table 2).

1. Computational Effort. This part of the program would be devoted
first to establishing blast loads that a container would experience given the
detonation of one warhead. This must be done for an axially located warhead
and also for one at the corner of the pallet and must include to the extent
possible the effect of the surrounding rockets. Additionally, this task
differs from previous work with bare or cased explosive charges in that the
effects of the liquid surrounding the explosive and, if necessary the effect of
the SPORT surrounding the pallet will be included. When completed the time
space history of the loads on the structure will be predicted in detail
including the long term quasi-static loads.

Having predicted the load history it is now possible to examine the
structural response of the container. The program will predict both elastic
and plastic response, although with safety factors required, it is probable

that plastic response will not be allowed.

The results will be examined and the advantage/disadvantge of high

strength steel vs mild steel will be examined, including cost trade-offs.
Furthermore, the location of utilities, such as sampling ports and drains, will

be considered, to be sure the structure is not weakened by inappropriate
utility location.

2. FRATRICIDE TESTS. Previous work (see reference 1 plus our own study,
indicates that some protection is required between warheads to prevent com-
munications of reaction, even though acceptor reaction may not be very violent.
It will be the goals of these tests to determine the protection sufficient to
keep the burster tubes of nearest neighbors to a detonated warhead from
rupturing. This is a much more difficult task than allowing rupture but not
ignition. The specific materials and configurations to accomplish this goal
will be determined as a results of these tests.

* 3. DESIGN AND FABRICATION. Once computations are completed or at least
far enough along to allow specification, this final design, including access
door and utility penetrations will commence. It is recommended that this be a

* contractual effort with a commercial steel fabricator. This allows the expe-
rience and expertise, not readily available at BRL, to be applied to this task.

It is the intent of this program to have quarter scale containers made first
• for test purposes. This is a more cost efffective approach and will reveal any

design deficiencies which may exist. When quarter scale designs have passed
their tests, a full scale structure can be fabricated and tested as final
proof.

4. QUARTER SCALE TESTS. This test series represents the most economical
• approach to test designs and concept that will be applied to a full scale

vessel. It validates design calculations prior to the expense of full scale
fabrication. It cannot replace the need to perform full scale tests, but will

18

.*.



7 7

reveal any weaknesses in design of the structure and accessories and allow
corrective actions to be taken. Successful completion of these tests allows
the full scale structure to be fabricated with high confidence in its suc-
cessful performance. Instrumentation for these tests will include strain
gauges to measure deformation of the structure, blast and pressure gauges to
measure internal force; and thermocouples to monitor interior temperatures as
well as high speed photographic coverage.

5. FULL SCALE TESTS. These tests will provide the final proof of the
safety of this structure and will include documentary film coverage which may
be useful in demonstrating that M55 rockets can be safely transported or stored
in this container. The remaining instrumentation will be similiar in nature to
that used in the quarter scale tests.

Preparation of cost and time estimates for a follow-on program as de-
scribed above are difficult because the task is not suitably defined. The
estimates for the antifratricide work and the computational efforts are
reasonably straight forward. Estimates of contract costs are very nebulous,
partly because no decision has been made as to the size and other requirements
of the containment vessel, and additionally, because until computations are
completed, the required wall thickness cannot be specified. Test of the
quarter scale and full scale vessels also have some hidden costs primarily in
material handling which have a less firm basis for making estimates. Never-
theless, what follows is the best estimate of time and costs required for each
segment of the program.

Table 2. FOLLOW-ON STUDY COST BREAKDOWN

SEGMENT COST

Antifratricide Study 100 K 6 months

Computation Work 100 K 6 months

Contractual Work 200 K 18 months
(Includes fabrication costs)

Quarter Scale Tests 50 K 3 months

Full Scale Tests 30 K 2 months

Report Preparation 10 K 2 months

TOTAL COST 490 K 24 months

The total time required is not cumulative because some efforts proceed

concurrently.

19
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III. SUHARY

It is the author's opinion based on limited hard data (at this time), but
considerable experience, that the goal of limiting the maxitvum credible event
can be accomplished and that a containment vessel can be built to contain the
maximum credible event. To prove this opinion is not easy, nor is it cheap, as
evidenced by the previous ccst estimates. Estimates of the time required to
produce hard facts, supportable by good test data, will not warm the heart cf
any Frcject manager, but in the author's opinion are reascnoble and necessary.

Whether or not these proposed efforts are attractive to those individuals
responsible for the overall pcrgram requires that these efforts be evaluated
in the context of the total program goals and constraints.

2

02



II

DISTRIBUTION LIST

No. of No. of
Copies Organizati.on Copies OrgAnization

12 Administrator 1 Commander
Defense Technical Info Center US Army Armament Munitions
ATTN: DTIC-DDA and Chemical Command
Cameron Station ATTN: AMSMC-LEP-LAlexandria, VA 22314 Rock Island, IL 61299

HQDA 1 Director
DAMA-ART-M Benet Weapons Laboratory, ARCD
Washington, DC 20310 US Army AMCCOM

ATTN: SMCAR-LCB-TL
2 Chairman Watervliet, NY 12189

DOD Explosives Safety Board
ATTN: Dr. T. Zaker 1 Commander

COL 0. Westry US Army Aviation Research
Room 856-C and Development Command
Hoffman Bldg 1 ATTN: AMSAV-E
2461 Eisenhower Avenue 4300 Goodfellow Boulevard
Alexandria, VA 22331 St. Louis, MO 63120

Commander 1 Director
US Army Materiel Command US Army Air Mobility Research
ATTN: AMCDRA-ST and Development Laboratory
5001 Eisenhower Avenue Ames Research Center
Alexandria, VA 22333 Moffett Field, CA 94035

1 Commander
Commander US Army Communications Research
Armament R&D Center and Development Command
US Army AMCCOM ATTN: AMSEL-ATDD
ATTN: SMCAR-TDC Fort Monmouth, NJ 07703
Dover, NJ 07801-5001

1 Commander
Commander US Army Electronics Research
Armament R&D Center and Development Command
US Army AMCCOM Technical Support Activity
ATTN: SMCAR-TSS ATTN: AMDSD-L
Dover, NJ 07801-5001 Fort Monmouth, NJ 07703

1 Commander 1 Commander
Armament R&D Center US Army Missile Command
US Army AMCCOM ATTN: AMSMI-R

4 ATTN: SMCAR-LCE, Redstone Arsenal, AL 35898- 5630
Dr. R. F. Walker

Dover, NJ 07801

21

" .... .I. -" - "



WI-

DISTRIBUTION LIST

No. of No. of

Copies Organization Copies Organization

1 Commander Commander

IJS Army Missile Command Naval Sea Systems Command

A7TN: AMSMI-YDL ATTN: Mr. R. Beauregard,
Redstone Arsenal, AL 35898 SEA 64E

Washington, DC 20362

Commander
US Army Missile Command 2 Commander

ATTN: AMSMI-RK, Dr. R.G. Rhoades Naval Explosive Ordnance

Redstone Arsenal, AL 35898 Disposal Facility
ATTN: Technical Library

1 Commander Code 604

JS Army Tank Automotive Command Indian Head, MD 2 0640

ATTN: AMSTA-TSL

Warren, MI 48090 1 Commander
Naval Research Lab

Director ATTN: Code 6100

US Army TRADOC Systems Washington, DC 20375

Analysis Activity
ATTN: ATAA-SL 1 Commander

White Sands Missile Range Naval Surface Weapons Center

NM 88002 ATTN: Code G13
Dahlgren, VA 2 2 44 8

Commandant

US Army Infantry School 4 Commander

ATTN: ATSH-CD-CSO-OR Naval Weapons Center

Fort Benning, GA 31905 ATTN: Dr. L. Smith, Code 3205

Dr. A. Amster, Code 385

Commander Dr. R. Reed, Jr., Code 388

US Army Development & Employment Dr. K.J. Graham, Code 3835

Agency China Lake, CA 93555

ATTN: MODE-TED-SAB
Fort Lewis, WA 98433 1 Commander

Naval Weapons Station

Commander NEDED

US Army Research Office ATTN: Dr. Louis Rothstein,
ATTN: Chemistry Division Code 50
P.O. Box 12211 Yorktown, VA 23691

6 Research Triangle Park, NC 27709-2211

1 Commander

Commander Fleet Marine Force, Atlantic

Office of Naval Research ATTN: G-4 (NSAP)

ATTN: Dr. J. Enig, Code 200B Norfolk, VA 23511

800 N. Quincy Street

Arlington, VA 22217

2

6



DISTRIBUTION LIST

No. of No. of
Copies. Organlzation Copes Organization

1 Commander 1 Director
Air Force Rocket Propulsion Laboratory Sandia National Lab
ATTN: Mr. R. Geisler, Code AFRPL MKPA ATTN: Dr. J. Kennedy
Edwards AFB, CA 93523 Albuquerque, NM 87115

g 1 AFWL/SUL
Kirtland AFB, NM 87117 Aberdeen Provi.Qg rqund

1 Commander Dir, USAMSAA
Ballistic Missile Defense ATTN: AXSY-D

Advanced Technology Center AMXSY-MP, H. Cohen
ATTN: Dr. David C. Sayles AMXSy-R, R. Simmons
P.O. Box 1500 Cdr, USATECOM
Huntsville, AL 35807 ATTN: AMSTE-TO-F

Cdr, CRDC, AMCCOM
1 Director ATTN: SMCCR-RSP-A

Lawrence Livermore National Lab SMCCR-MU
4 University of California SMCCR-SPS-IL

ATTN: Dr. M. Finger
P.O. Box 808
Livermore, CA 94550

1 Director
Los Alamos National Lab
ATTN: John Ramsey
P.O. Box 1663
Los Alamos, NM 87544

1 Air Force Armament Laboratory
ATTN: AFATL/DLODL
Eglin AFB, FL 32542

2

23

I .. , . -

I°



USFR FL\IUATI ON SIIWVV:/Cf IA:Nt;L OF .*\)iRJFSS

l o i artory uindert akes a cont infuijng efftort to imprVe0 eqaIi fth

por)Its I t PuibI i hle s . Your collillent s/answers Ito t lie i t em1s/quiest i olls be I o( V% i I I
u (s inl our efftortS.

I BRI. RenIO rt Numbe r ____Iate Of' Repor01t

D atec Report Rec e ived

3 Doe S t h i s, re po rt sa t i stvN a neced? (Comnien t onl pu rpose ,rel1at ed pro .1 C t ,Or

U other' area, of' inlteres't for which the report will be used.) __

4. How snecitical Iv, is the report bei ng used? (Information source, design
dalt a , plroceure1.1-, Source of i deas , etc.

Has the i nforinat ion in this report led to any qu1.antitative savings as far
* ais man-hours or- dol lars saved, operating costs avoided or efficiencies achieved.

etc' I f so, please elaborate.

0). "enerra I Comments. What do you think should lbe changed to improve fulttre
reoort s (Indicate changes to organization, technical content, format, etc.)

CU]RREINT O1-gn i zat ion
ADDIRESSAdes

City, 0_ Stte ip

7.If indicating a Change of Address or Address Correction, please provide the
New Or Correct Address in Block 6 above and the Old or Incorrect address below.

(ILD O~rganiz at ion

Address

City, State, Zip

* (Remove this sheet along the perforation, fold as indicated, staple or tape
closed, and mail.)



FOLD HERE
Director IIIIII
US Army Ballistic Research Laboratory NO POSTAGE

ATT'N: AMLXBR-OD-ST IF MAILED

Aberdeen Proving Ground, MD 21005-5066 IN THE
UNITED STATES

OFFICIAL BUSINESS

PENALTY FOR PRIVATE USE. $300 BUSINESS REPLY MAIL
FIRST CLASS PERMIT NO 12062 WASHINGTONDC

POSTAGE WILL BE PAID BY DEPARTMENT OF THE ARMY

Director
US Army Ballistic Research Laboratory
ATTN: AMXBR-OD-ST
Aberdeen Proving Ground, MD 21005-9989

-
FOLD HERE

I



£ FILMED

e 2-85

DTIC


