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during the hazardous processing. Enclosures are mounted to the floor by 
methods which allow their ready removal. 

ENVIRONMENT 

Figure 2.  Suppressive Shield Functions 

Suppressive shields are housed in lightweight, low cost outer buildings 
as shown schematically in Figure 3.  The arrangement of the munitions 
production line defines operator work stations, position of equipment:, and 
location of building walls and roof.  These are used to determine safe 
pressure levels which, in turn, fix the venting characteristics of the 
suppressive shield. Analysis of pressure estimates is used to determine 
looda  on the suppressive shield panels and structure.  The preliminary design 
thus generated is checked to verify adequate fragment and flame suppression. 
Angles, plates, or screens are added to the panel configuration to insure 
required protection against fragment or thermal hazards. Thus, the entire 
system is designed so as to preclude damage to the building or injury to 
operation personnel in the event a detonation occurs.  This concept of use, 
comled with a one-explosive event life cycle, permits the acceptability of 
plastic deformation of the suppressive shield during the detonation and 
constitutes the basis for the design of suppressive shields. 
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Summarized below are the suppresslve shield functional characteristics 
based on the over 200 laboratory, subscale, and full scale tests we have 
conducted to date. 

Hazard Parameter 

Fragmentation 

Blast Overpressure 

Impulse 

Shock Wave Arrival Time 

Fireball Diameter 

Degree of Attenuation 

100% 

60-80% 

60-80% 

Delayed by 50% 

70-90% 

After exanining the test results and witnessing some of the experimental 
demonstrations of the shield, engineers from the Army's Frankford Arsenal 
indicated an Interest in an application for one of their problem areas; that 
is, the transport of high explosive primers while they are being processed 
in small aras ammunition production plants. The primers were, being trans- 
ported tightly sandwiched betxieen twp solid plates. As a result when one 
primer detonated, the entire contents exploded and the plates on either side 
of the primers biet? apart. This situation has occurred at several plants 
and damage in each instance ranged from $100,000 to over $300,000. The 
mere replacement of the lexan plate that covered the top of the primers by 
a thin .320" thick perforated aluminum sheet was sufficient to* prevent 
sympathetic detonation of more than one primer when one was initiated and 
only 50 percent of Che remaining primers when six primers in the tray were 
initiated.  It completely relieved the fragment hazard associated with the 
prtaer tray. As a result, this type of primer tray is being adapted for use 
in LAP (Load, Assembly, Pack) of small arms ammunition. Figure 6 Illustrates 
the primer trays covered with lexan and suppresslve screening. 

There are several other areas in which suppresslve type shielding may 
have application..  For example, shields can be used in EOD operations. An 
explosive device or dud which cannot be moved can be detonated in place 
with a shield over the munition.  In that case, there is no need for 
shielding the personnel or equipment.  In other situations, it may be 
impractical to put a shield over the explosive. Then personnel and equipment 
can be shielded.  In addition, suppresslve shielding could, be used as a bomb 
shelter on the battlefield. 

It may be feasible to shield either individual rounds cr groups of 
rounds in storage to prevent sympathetic detonations where one detonated 
round could cause an entire storage facility to be destroyed as a result 
of detonation prop;; gat ion. 
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A series of subscale panel test fixtures were fabricated to evaluate 
candidate panel configurations for the category shields previously 
described.  These fixtures were cubical in shape, approximately 2,5 feet 
per side.  Pressure transducers were mounted both internal and external to 
the structure. The internal pressure transducers recorded the reflected 
blast pressures and the ^as pressure build up as a function of time. 
These data were essential to assess the structural loading and subsequent 
response of the structure to these loads.  Of major importance is the 
attenuation of these forcing functions caused by venting the structure. 
Test results indicate that the gas pressure build up inside the structure 
after the shock wave has passed (termed quasi-static) has the same magnitude 
as that experienced in a closed (unvented) pressure vessel; however, the 
duration of the pressure is reduced 35 percent.  This will appreciably 
reduce the size of the structure to withstand these pressures. 

I 

Additionally, external pressure transducers were used to record the 
attenuation in the blast pressure caused by the vented structure.  A series 
of transducers were mounted along the ground at varying distances from the 
structure.  All transducers indicated significant pressure attenuation. 
The percent pressure attenuation was found to vary as a function of distance. 
The pressure was attenuated at the scaled safe inhabited building distance 

•■7 percent. 

These subscale panel fixture tests are continuing and will be compared 
to shock tube and theoretical results to verify the shock tube data and to 
develop analytical techniques to predict the performance of future suppressive 
shield designs. v    ,; 

As the suppressive shielding engineering program progresses, additional 
full scale tests will be conducted in the seven category shields with all 
data input to the applied technology development phase. Analytical studies 
in gas dynamics, structural response, and heat transfer will also be per- 
formed o 

V.  POTENTIAL COST SAVINGS 

It is difficult, at this time, to make a true assessment of the cost of 
the suppressive structures compared to the conventional reinforced concrete 
construction since we have not had the opportunity of providing an optimized 
plant design or plant ..rrangement based on the utilisation of suppressive 
shields throughout. We believe that the use of suppressive shields will 
make it possible to utilize lightweight structures to house the ammunition 
plant operations.  We know that because of the reduced wall thicknesses and 
suppressive capabilities that are possible with suppressive shielding, their 
use xrouid facilitate storage of explosive materials in smaller quantities in 
reduced space.  This should further, even under today's conditions, allow 
smaller intraline and inhabited building distances to be utilized.  Pro- 
duction lines requiring many barricaded operations could be reduced in length. 
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Suppresslve shields are made from standard structural shapes and fabri- 
cated sheet materials and they are joined by routine welding or bolting 
operations. When applied to entire production lines, utilization of 
standardized production fabrication techniques can be brought into play. 

VI.  SUMMARY 

The feasibility of constructing effective suppressive shields has been 
demonstrated on a full scale test basis.  Suppressive shields have the 
potential to provide added protection against loss of life and property 
while ammunition is being shipped, stored, demilitarized, or disposed. 
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