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SUMMARY

During this study two prototype bunking facilities were developed
wvhioch incorporate low cost and reximm space utilieation. Both units
utilize a motal framework with a plyvood sleeping surface and are capable
of being tlered 3, 4 and 5 high for high density sleeping. The wnits are
alzo capabla of being assembled and disassembled with a minimm of effort
and time and can be converted to sitting and messipg facilitles. The
racammendsd bunk size is 75 inches long by 24 inches wide with 20 inches

vertical spacing. The cost estimete per persom in quantity purchases i
gotimted at $3.00 or less.

Ary further investigation: in this area should include moxre extensive
studies on the sleeping surfe.e material, development work on the refine-
rent of the prototypes, development of a color coding system to facilitate
cose of assembly, a detailed instruction booklet for aseembling the units
and a specification for purchase.
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LOW-COOT SLEHPING FA ILITY

). Introdugtion

The study and development of low-cost sleeping facilities for fall-out

shaltexs was initiated by the U.S. Armyhguartermaatar Research & Engineexing
Command under Work Order No. OCD-08-62-46 to the Department of Defense,
Office of Civil Dafense.

A program is currently being conducted by the Office of Civll Defense
which will 1dentify approximately fifty million shelter spaces in existing
buildings end other structures. Structures that provids an adequate rrotec-
tion factor will be identified, marked and stocked with essential food, water,
sanitation equipment, medical equipment and radiation monitoring equipment.
At this time, no provisions have been made for sizeping facilities in these
potential fall-out shelters. Thie project was initiated to develop en ex-
tremely low-cost sleening design which can be used in conjunction with these
potential fall-out shelters.

The general objectives are shown in the work order from Office of Civil
Defense (Appendix A) and the specific objectives of the contract are:

To explore the characteristics of sleeping facilities suited for
fall~out sheltere.

mo determine or comnsider the feasibility of utilizing various
combinations of tilered facilities including demounting and storage cepabili-
ties.

To determine the adaptability of sleeping facilities In regard to
different shelter configurations, variations of celling heights and area
restrictions, obstructicns or interference and to study the feasibllity of
converting the sleeping facilities into sitting facilities.

To develop & sleeping facility consistent with the maximum space
utilization in shelters at an extremely low cost.

a. Shelter Design

The basic design criteria fcr shelters are outlined in several
putlications, but for the purpose of th!s study, space 1s of prime importance
ratLer than protection factor, ventilation requirements, or other factors.

Tc ve considered for a fall-out shelter, an existing structure should be

able %o acrommodate a minimum of 50 persons, allocating 10 sq. ft. per person.
The structure should also hzve & minimum of 6 1/2 feet head room for at

1east 504 of the occupants and % ft. for the rcmainder.



Sinece the sleeping units would have to be incorporaied into an
existing svtructure, the configuration of the shelters would be one of the
mjor factors governjug thu design of the sleeping facilities.

Most of tho shelter arsus are expacted to occur in unfinished
basement areas and will be rectangular in shape, varying from a square area

to a long na{row corridor, which may be L, U, E, or H sheped, but basically
rectangular. ()

Several exlsting buildings which nad been evaluated us having
a protection factor of 100 or greater were visited in the Worcester, Mass.,

area for the rurpose of viewing firgt hand actual structuree that could be
converted to fall-out shelters.®

As a result of visiting potential shelter spaces, it was cbvicus
that a great variety of configurations will be encountered during the
survey phase of the shelter program. In addition tc¢ The numerous con-
figurations encountered, it became apparent that a great varlety of interior
restrictions and limitations would also be encountered. Restrictions such
as pipes, ducts, lighting fixtures, false ceilings and walls, temporary
partitions, storage cabinets, and permanently installed equipment would
have to be considered if sleeping facilities were to be installed.

The design of a standardiz.’ slecping unit for all the different
configurations and restrictions encovnte.ed becomen a very cowplex problem

as compared tc installing sleeping unita into & stcadardized fall-out
shelter.

b. Low-Cost Requirements

Another of the z2onirollinzy factore in the design of a sleeping
unit 18 the cort per sleeping surfrce. Since the National Shelter
Survey Program is considering appcroximately 50 milllon shelter apaces(a)
it 18 mandatory that the cost per space be kept extremely low or the
total cost of equipping a shelter would become jmpractical.

From the cost aspect then, it follows that the designs of the
slceping units nust be held to & minimum or be completely standardized to
cne or two units. A cost of two dollars per shelter space has beer esti-
mated (%) and this is the figure that was used as a goal for the units in
considering designs for the sleeping facllitles.

c. Human Factor Conslderatlons

Humen factors recommendations are made for consideration
in design of the interior of community fall-out shelters.

*Worcester, Mass., had been chosen as one of the pilot cities in the
United States for the National Shelter Survey Program.
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It 18 necessary to assmpe that ¥he popmlation of a com-
munity fall-out stelter will probably be a grouvp ‘oomposed of the most

difficult and unlikely combination of individuals, including babies,
children and teen-agers, aged and iufirm, sick and Injured, and admix-
tures of social and cultural strata comprising racial and «winarity groups,
all compreassed together in an ovarorowded space. In the yresence of such
stress-producing factors, the mall physical do.ails of & survival shelter
are apt to become very important to the individual occupents, especially
during prolonged, enforced habitation. Thus it should be remembered that

what appears trivial ai present may become very important in the acvual
situation.

Equipment inside shelters should be simple and oparable
by a novice or an incaracitated or aged person. This is a practical as
well as economical point of view. Alsc, it should not take great strength
or combined group action to accomplish essentials, because survival should
not depend upon the composition of skelter groups. If there are no able-

todied men in & grecup, this group would still have a chance to maintain
{tself,

Directions for operation of equipment should be short and
clear, couched in terms that are familiar to the poorest reader who is
able “0 use the language. Thers 18 .0 point in providirg information
which, although it can bus read, cannot be understood.

The use of modular construction inafde shelters will permit
re-use and recombination of the components dally into other facilities.
Manufacture of the shelter components in a variety of colors might halp
to reduce the monotony which will be encountered. Also, different colors

could serve &8s coding such as color cuntrasting bed platforms to indicate
sick persons.

The use of modular construction would also serve to create
vork and, therefore, activity. The units could be broken down daily to
provice either floor space or other required facllities, and reasserbled
as needed. Such work may be artificial, but would give people something
to do. The need for activity produced by enforced idleness may turn out
t> be one of the worst problems contributing toward people's tendencies
to leave the shelter before the outside radiation level has dropped to a
safe value.

2. Initial Design Concepts

The initial design concepts basically fell into elther one of the
following two categories: fixed supported units or fres standing units.

a. Fixed Supported Units

The £ixed supported units were further divided into the follow-
ing sub-divisions:



Wall-Supported Units®

.

This type unit has definlits advantages in that it can be
supported readily by relatively inexpensive wmll supports and can be folded
against the wall for storage when not in use. Hovever, there are soveral
disadvantages inherent in a wall-supported uni{ in the type of structwure
which will be utilized for shelters. Since the buildings likely to be
utilized for fall-out shelters would vary considersbly in size and shape
e¢ach polential shelter would require an engineering lay-out to letermine
the positioning of wall brackets to support the bunks. After the initial
location of bracket positions they would then have to be installed. Due

to the variation in structures several tyres of wall drackets would have

to be utilized which would result in a variety of items being utilized
both between shelters and within shelters. In some shelter areas sections
of the walls would be nonavallable due to impediments such a3 Hipes, vent
ducts, wiring and false walls. In large shelters wall spaces alons wculd
not be sufficient to accommodate all occupents for sleeping purposes.

This would result in the wall-supported type unit in addition to soms
other type (ceiling suspended or free-standing) to accommodate the remsindar
of the occupants. This again would result in a variety of fixtures and
bunking units within each shelter and excessive expense.

Ceiling Suspended Units

C=iling suspended units have advantages in tha% inexpensive
Yruckets could be used for suspending a bunk unit and the units could be
hoistesd to the ceiling during non-sleeping hours. However, most of the
sams disadvantages that applied to the wall-supported units also apply here.
Each shelter area would have to be pre-engineered to locate suspending
broackets. Although inexpensive brackets might be available they would
have to be installed in each shelter which would be extremely expenslve.
Dus to the variation in ceilings several types of brackets would have to
be utilized. In addition, ceiling space in some areas would not be able
to ba utilized due to impediments and false ceilings.

Stanchion Supported Units

Stanchion-supported units were another alternative investi-
gated. This type of Y?%t 8 utilized in the U.3. Navy Radiological Defense
Laboratory shelters{5){(6)(7) and in the U.S. Navy, Bureau ot Yards & Docks
test at Bethesda, Maryland. This type of unit utilized stanchion supports
from floor to ceiling betweeu which bunks can be suspended. This configu-~
ration has the definite advantage of heing able to provide a high degree
of rigidity in the sleeping units. In the ehelters referenced above, this
type of installation was the logical approach, since the uprights or
stanchions could be incorporated into the original deeign of *he shelter
or, at least, the attaching studs for holding stanchions could be installed



during the building of the shelter. In the cnde of oxisting buildings,
the installation of stanchions or atanchion mounts becomes a costly project

because each shelter requires individusl survaving, engineering and modi-
ficetion before the stanchions or mounts can be installed.

The use of fixed stanchions would therefore result in many
designs of {tems being rcquired within, as well ns between. Each shelter

would preasent an ordering and stocking problem of parts required for the
units.

b. Free Standing Units

From the view of standarcdization and simplicity the only feasible
approach wus to design a free standing unit that could be atilized in any
snelter regardliag of size or configuration. UD.2 to the height requirements
of the shelters(l), one standard unit would not suffice since tiering of
units is desired at three to five high; so the alternative was to design a
standard 3, 4, and 5 tier unit.

c. Prototype Dimensione and Spacing Requirements

A study was cunducted to determine the optimum length and width
of a slceping surface for use in a fall-out shelter.

The dimensions were based on anthropomelric data from s military
vopulation. Although this data does not represent a civilian population
it i8 the best detailed data available ard lc considered feasible for
determining the dimensions of the bunkx. 7The optimum bunk dimensions were
established as 75 inchee long, 24 inches wide, with a specing of 20 inches
between tiers. Since such a short pericd was available for protolype
development, these recommended <{incnsions were not reflected in the units
developed, but can easily be accomplished as a refinement.

The length of the bunk ves set at 75 inches. This dimension
exceeGs the 99th percentile of stature of the military population and
therefore should include the majority of the civilian population.

The bunk width was set at 24 inches. This dimension was based
on the shoulder breadth measurements of the military population and wiil
also exceed the 99th percentile.

The specing betwren tiers wes szt at 20 inches. Tbis dimension
was & compromise between the eas. of entrerze into the tiers and the
maximum that could be allowed to maintain the stability and compactness
of the overall framework when tiered five high. Spacing of less than 20
inches between bunk units resulted in difficult entry into the unit for
large people. The lover tler was started at 6 inches above the floor.
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A comparison of dimensions t'mt\uon savural types of sleep!
units is sliown belows da cpne

Reoom=
mended fitrope's Troop
Dimensions  QMRAE Military Btretcher Bhip Polding Bingle
(in) Untt Litter Bunk Bunk Cot Bed
Length 75 72 76 76 17 1/2 78
Width 2k 22 2k g6 1/ g7 36

3. Approaches to a Tiered Unit

" There are many existing designs available utilizing tiered units in
both military and commercial applications snd there are many available
structures which cen be adapted for sleeping surfaces such as storage
racks or scaffolding units.

A logicel starting point vas sleeping arrangements designed for the
UU.8. Navy for high density troop transport during World War II., Bluaprints
vere obtained from the Design Rection of U.8., Naval Shipyards in Boston,
Massachusetts, and Norfolk, Virginia, which deploted the types of sleeping
sccommodations utilized during World War II. These prints were screcned for
appiicability to this project. In the majority of ocsses the Navy bunks
were either wall-supported or hung from overhead; some free standing units
vere utilized but these ware welded to the steel decks to0 improve rigidity.
The shipboasrd problem, although similar in some respscts to the shelter
problem, was Aissimilar in that the units would bs used for a longer
pericd of time than is anticipated for shelter bunks, und they had to be
designed to withstand the forces of rolling and pitching of tha ship.
Because of these two reamsons, the units were designed and fabricated from

heavier and costlier structursl material than is required in tlis applica-
tion.

a., Commercially Available Bunks

U. 8. Army tiered bunk facilities were investigsted dut were found
to be tco expensively designed and were only capable of baing tiered two
high which would not be adaquate for this study.

Commercially available sleeping units wera also investigated,
but tiering capabilities were not available to the degree required and
commercial units were too expensive tc be oconsidered at all. A typical
commercial unit is the one being utilized by the Massachusetts Civil
Defense Headquarters. These units ars tvo vide and two high for sleeping
four people. They are mounted on rollers and are capable of being folded



comgﬂctly when not in use. This unit sells for approximately $160.00

or $40.00 per person. This price does not include the cost of the
mattresses which are required.

After reviewing ihe available sleaping facilities both militery
and commercial, i1t was decided that a completely new unit would h.ve to

be designed and develovped to keep within the price requirements involved
in this project.

. Material Investigations

The material investigation was sub-divided into strucitural materials
that would be utilized for the basic rigid framswork and the surface ma-
terial that would be used for the sleeping surface.

A survey of existing materiuls vas conducled in each of these areas

to ascertain the best materisl at a minimum cost which could be utilized
for the sleeping units.

a. Surface Materials

The cholce of a sleeping surface material was a difficult
problem because of the wide variety of materialas that are avallsble.

Since so many materials were avallable, a criteria was set

up to limit the seleciion of materlali that would be tested on yrototyre
test racks.

The original thinking on the surface material problem pre-
supposed that the final item would be a flexible textile or plastic
material that would conform to the tody. 1In the final analysis, this
original assumption proved to be faulty.

Criteria for Selection

The criteria for selection of a material wes set up as
follows:

Low~cost « In view of the low cost requirement of
the overall unit it was mandatory that coast of the material utilized
as the sleaping surface be kept to a winimum.

Higg—stregg%ﬁ -« Sufficient strength was required to
allow people to sleep on the material and to withstand high stresses in

the event of concentrated loads over small areas of the materiel as in

the case of a person standing on the surface or several people sitting
on the surface.



Low elongation - A material of low elongation was
required to prevent undue sag during sleeping which would lead to dis-
comfort. Excessive sugging would also neceassitate an increase in the
spacing requirements between tiered units,

Mildev resistance - This requirement is necessary
due to the antlcipated long storage requirements.

Permeesbilit - - A permeable sleeping suriace would
be more desirable than an impermeable surface because of the comfort
factor. An impermeable surface would induce excessive perspiration
snd diecomfort to the sleeper and would also increase the Lumidity of
the shelter proper.

Fire resistance - Since fire inside the shelter
would be hazardous, the material should preferably v 2 fire-resistart
or have 8 low degree of inflammability. Materials that could easily
be mcde fire-retardant were considered.

Ease of cleaning - In view of the end use of the
item, a material that could be easily cleaned prefersbly by wiping
would be advantageous. The sleeping material would be subject to
spillage of liquids ard to soiling.

These were the criteria that the optimum surface material
wenld possess and they were used as an aid in selecting or elimineting
materials for final evaluations by cursory examinations. Some materials
that were deficient in some of the requirements were still considered for
final selection.

Materials

The materials to be considered were divided into the
following general categories: Textiles; Plastics; Paper-Based; and Rigid
Materials.

Textile Materials

Baged on the above criteria, the Textlle Engineering
Branch chose the following 4 textile materials by cursory examination.

Cloth, Nylon, Rip Stop Spinnaker, Water Repellent.
Cloth, Nylon Plain Weave, Water Repellent.

Cloth, Filament, Nylon Duck, Plain-Weave, Water
Repellent.



Cloth, Cotton Duck, No. 8 Hard Toxture Duck,
Mildew Resistant, Water Repellent.

These L samples were subjected to laboretory enalysis.
As a result of laboratory testing Cloth, Nylon Rip Stop Spinnaker was
elininated from further testing due to its low ultimate strength. The
other three textile materlals were selected for further testing on proto-
types.

Plastic Materials

Plastic film and sheeting materials were considered
for use but most of them were rejlected immediately due to their high degree
of impermeability, high elongation and low ultimate strength.

The only plastic material ihat appeared to fulfill
nmost of the criterle required for selection was an experimentel spun-
bonded polyethylene material being manufactured experimentally by E. T.
duPont deNemours Company. The major drawback to this material was its
high degree of impermeability; however, because of its extremely low
cost, it was still considered ss a possibllity.

Plastic coasted fabrics vere eliminated because of
their high cost.

Paper-Based Materials

Paper-based materials were conslidered for use mainly
due to the low cost of some of the high-strength reinforced papers.
Samples of wire reinforced, sisal reinforced and msphslt barrier materials
vere selected as possibilities and teated on prototypes.

Rigid Materials

Rigid materials have been used foi sleeping surfaces
in other studies(8) and two were considered as possibilities.

These materlals would be required to have the proper-
ties outlined in the basic criteria for selection with the exception of
the permeability factor. Since a rigid material would not conform to
body contours permeability is not necessary because alr spaces would he
available around the body for cooling and reduction of perspiration.

Plywoo® and hardboard were both considered us possible
candidates for sleeping surtaces and were tested on protohtypes.



Soveral prototype sleeping designs were under in-
vest{gation vhile tha surface material inveatigstion wes in process.

The selected surface miorials wera tested on these prototypes for final
ovaluation.

Test&g&

Testing of the surface materials was accomplished by
attaching the material to the baesic framework and loading each surfaoce
with 200 pounds of bagged sand (Figure 1).

Since several prototype frameworks were used for testing
the methods of attachment to the framework varied. In some cases, the

mterials were attached to metul pipes by sewlng loops into the edges

and inserting the pipes into the framework "stretcher" fashiown (Figure 2).
In other cases, the materials were secured to angle iron side rails by
the use of hairpin clips which were desigred specifically for this purpose

(Figure 3). The rigid materials were tested by supporting them between
an angle framework (Figure b).

Test Results

The surface materials were rated elther satisfactory or
unsatisfactory. Materials were rated unsutisfactory i1f obvious failures
appeared such as inability to hold the weight due to imsufficlent ultimate
strength, or if the material sagged excessively during loading.

The results of the initial teests are shown in Table I.

The materials that failed this initial loading test were
eliminated from further comsideratlon.

The remaining meterials were tested with a static load of
L00 pounds. Additional tests were run on the plywood to ascertain the
minimum thickness that would suffice. It was found that 1/4-inth plywood

with the grain running the width of the plece would adequately support a
4L00-pound load.

Cost Analysis

A cost amnalysis of the four materials was obtained and is
gshown in Teble II. This cost breakdown is a material cost only and does
not include any fabrication costs or those of sttaching devices that mey
be necessary. The cost is based on & recommended bunk size of 6 feet 3
inches in length and 24 inches ir. width.



RATING OF VARI

TABLE I

OUS SUKFACE MATERIALS

FOR EXPERIMENTAL SLEEPING FACILITIES

Nomenclature

Results of 200~Pound Load

Cloth, Nylon, Water-«
Repellent, 4.3 oz/yd2

Cloth, Filament Nylon Duck
Water-Repellent, 12.8 oz/yd2

Cloth, Cotton Duck No. 8
Hard Texture Duck, Mildew..
Resistant, Water-Repellent
18.1 oz/yd?

Spun Bondsd Polyethylene
2.7 oz/yd

Sisal Reinforced Kraft Paper
Asphalt Barrier Paper
Wire-Reinforced Xraft Paper
Plywood, 3/8" Thick

Plywood, 1/2" Thick

Plywood, 1/L4" Thick
Kardboard, 1/4" Thick

Unsatisfactory «~ Excessive Sag
Satisfactory'

Satisfactory

Satisfactory

Unsatisfactory - Ripped
Unsatisfactory ~ Ripped
Unsgatisfactory - Ripped
Satisfactory
Satisfaciory

Satisfactory

! Satisfactory
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If material costs were the unly conoideration, the poly-
¢thylene spun-bonded material would have been the logical choice for a
surfacing materinl; howaver, the polyethylene material has two mujor
disadvantages: 1t has a high degree of impermeability and it is not being
produced commercially at the present time and future production schedules
are rot definite. For theme two reasons, this material was eliminated
from further consideration.

The 12.8 nylon filament duck wes eliminated because of its
high cost.

The domestlic hardboard was =liminated from further consi-
deration because of its relatively high cost and the imported hardvoard,

although competitive in price, was eliminated due to poesible procurement
problems.

The cotton duck cloth and the plywood were considered
satisfactory for the final prototype design.

Selection of the Surface Materinls

The plywood was selected for both prototype sleeping
surfaces for the following reeasons:

Coste The plywood was less expensive than the cotton
duck.

Attachment- The attachment of the surfacc material to
the prototype framework wes eliminated by use of plywood. With the use
of a fabric cover, however, it was necessary to incorporate channels into
the [fabric to accommodate the side bunk rnilas or to devise some type of
clip to hold the febric in place.

Versatility- The plywood surface proved to be very
versatile as opposed to a fabric surface. The plywocd 18 capable of con-
verting the sleeping faclility intc a sitting facility with or without
backrests, a tavle and bench arrangement at mealtime, and storage racks
when not being used for either sleceping or sitting purposean. A plywood
bunk would also accommodate two or more sleeping children at the same
time. With a febric bunk, the results would be less satisfactory, since
all occupants would tend to roll to the low-line of sag.

Safety- Plywcod has the merit of safety in its favor.
Its rigid surface will support hot drinks which wculd minimize any scald-
ing accidents from hot liquids spilled from above. Smoking in bed would
also be less of a hazard than with fabric bunks. Falls and similar acci-
dents due to fabric fallure through tearing and parting would be ruled out.

13



Orthopedic Conuideration- Man ople are unable to
slcop in hammocke or fabric bunk-type facilities guzctg skoletal or muscu-
lar back injuries. Such people are faced with the floor aa an alternative;
a dangerous condition tor themselves and other people who may be wandering
around during the night.

. Cleanliness- The plywood would yrobably be much cleaner
during the occupaucy period. Even though the surface becomes dirty, it cen

be cleaned by wiping or by abrasion. Fabric would probably become impregnated
vith dirt and present a serious cleaning problem under the circumstences of
snelter living. A few of the usual accidents with children would render the
orthodox fabric unpleasant to use.

Levels of Austerity- It must be kept in mind that the
shelter occupancy would be during a period when survival is the prime con-
sideraticn and the requirements for comfort will be minimal. However, under
some circumstances, more than the minimal siandards m:y be required. A
plywood bese has the advantage of being very adaptable for providing differ-
ent levels. of austerity for the sleeping surfaces. For the majority of
instances, when only the most austere requirements are present, plywood
rrovides an adequate sleeping surface. If less austere ccnditions are war-
ranted, the plywood surface can easily be upgraded by the addition of various
padding materials. Blenkets, coats or other locse textlle items would be
the simplest padding to be added. Other alternatives would be disposable
paper sleeping bags, plastic covered pads similar to play-pen pads or slabs
of plastic foam. Perhaps the highest degree of comfort would be provided
by polyurethane foam mattresescs for sick, aged or other speclal ceses. A
1list of pedding materials with thelr estimated prices are outlined in Table
III.

b. Strvctural Materials

Materials

As discussed earlier, the feasibility of using a supported
structure was ruled out; therefore, e free standing unit would be necessary
to accomplish the aims of this study. Any struciural materials that were
to be used in the fabrication of this item would be required to have sufficient
structural stability to stand freely without any outside supports, such as
wall brackets, ceiling brackets, tie braces or other anchors of similar
nature. Among the materinls that were considered for the structural com-
ponents of the bunk units were wood, pipe, angle iron, and slotted angles.
The members which vwere utilized were all comnercially avallable shapes and
sizes 80 that items could be made in as short a time as possible. In the
early sluges, no consideration was given to specially fabricated shapes or
configurations, since these would have taken longer to fabricate and deliver
than time would permit. It was considered that optimum progress could be

1



TABLE III

PADDING MATERIALS FOR EXPERIMENTAL
SLEETING FACILITIES

Padding Materials

Estimate Cost of Loose Padding

b e e i o i

!

-—

1/2" Polyurethane

1"  Po.yurethane

1=1/2" Folyurethane

Cellulos? wadding paper covered, 1" thick

Paper slteping bag

$ .70
1.25
.85

35
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cbtained by developing an overall confl
guration of the bunking units and
then at a later date, as time was available, to refine the cggponentanto

‘he most economical combination of sectional shapes and materisls. The

consideration of all of the structural materials was guided by factors such

a8 low cost, ease of assembly, ease of disassembl
Y, low storage requirement
durability in storage, commercial availebility and’eaae of fabricagion. ®

Wherever possible, basic components requiring a very minimum of fabrication
were used. Simple, duradble fasteners were also used whenever possible, not
only to minimize cost, but also to ineure ease of erection and disagsenbly
Ly whatever personnel would be available for this purpose. In designing

the prototypes every attempt was made to cut down on the structurel com-
ponents, such as cross bars, excess uprights or stretchers, to reduce the
amount of the material contained in the items. With the low cost per sleep~
ing surface which was being aimed at, the principle cost in any of these

units was to be the material; therefore, the less materiai which was used,
the lower the cost of the unit.

Multiple sleeping facilities basically consist of a group
cf sleeping surfaces and some means of supporting them. The principle
problem then is to get the minimum combination of sleeping surtace mater-
i{al and supporting structure to give the rigidity, stability and durability
vhich was required. The investigation covered not only the standard methods
of high density sleeping, but also other commercial means of supporting
horizontal surfaces in multiple tiers. Included in this were scaffolding,
book shelves, storage racks, kitchen shelving and even some types of play-
ground equipment. Most units investigated were either too light in construc-
tion for the requirements which were presented with this project, or tco
sturdy in construction. An example of the former would be bookshelves and
of the latter, scaffolding. Bc~ause of the requirement that the bunks be
capable of belng tiered five high, and in consideration of the minimum size
of the bunks, particularly regarding width, it was determined that the only
means of obtaining sufficient stebility in a high unit would be to make it
two bunks wide. This would also result in cost reduction, since some of
the structural members could be common to the two units, thus spreading the
overall cost over a greater number of sleeping surfaces. The basic unit
designed was one which was two surfaces wide and five surfaces high, with
a capacity for 10 people. These designs ulso considered the possibility
that when sufficient height was not available the uprights in these bunks
could be reduced to four high or three high units by reducing the length of
the upright. This design also permittad access to the sleeping surface from
the conventicael long side.

Structures

Woed

The first prototype was made of wooden 2 x 4's, 2 x 6's, and

3/b~inch plywood (Figure L). It consisted of two end frames. Each end frame
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had one plece of 2 Ly 6 five feet long, threa pleces of 2 hy b g ] '
ﬁith short pieces of 2 by 6 fastened at ule boftom to provizg auﬂﬁngzﬁg tong
;or the 2 by 4 uprights. The 2 by 4 uprights in nddition were bolted to the

2 by 6 at rigat angles with two 5,/16-inch stove bolis. This unit was designed
to hold six bunks. The bunk surfaces were formed by the 3/8~inch plywood. This
Plywood was attached to the uprights bLy small 8-inch Plate brackets which were
screvel to the 2 by 4 uprights. The brackets consisted of a flat plate with
four holes and two right engle plecces of 1/8—1nch ste~l welded back -to-back

#0 there was 3/8-inch plus 1/16-inch clemrunce between the flanges. This
provided a slot for the plywood to sliyp through. Rigidity between the two
end sections was obtained only through the holdirng power of the plywood 1in
these U-shaped brackets. Assembly of the ftem revealed severnl things:

Extra clearance in the brackete wis definitely
needed since any misalignment of the brackets or the unrights or any warpage
in the plyvood tended to create quite a bit of bunding. However, larger
clearances did reduce the rigidity somewhat,

Some type of tie between the end sections, osther
than the plywood, would be necessery since there was probably at least U
inches of end-to-end sway in the initial structure. This was accomplished
by one 2 by I attached between the center uprights with a 1 inch wide steel
strap, "U" shaped which tied them together,

The brackets can be simplified considerably.

The 3/8-inch plywood did not provide sufficient
rigidity in that it bent too much; therefore, l/S-lnch plywood, at leest,
vill have to be used.

Pipe

A prototype was designed and constructed of 3/4 inch extra-
heavy wall steel pipe and slip-type Joint Speed Rail fittings* (Figure 2).
This was made with six vertical columns 4 feet 6 inches long, four end specers
L feet 1-1/2 inches long, and four sidespaceres £ feet 6 inches long. (All of
the pipe fittings were for 3/U-inch pipe). Two types of jJoint connectors were
used; at the corners, side outlet elbows, and in the center for the center
vertical column, T's. These Speed Rail fittings are not threaded and the
iron pipe slips into the fittings end is held in place wilh Allen head set-
screws. To fasten stretcher poles to these pipes, an initial type of hook
was worked out. A flat piece of the .100 inch stecel was bent in the form
of a "U" so 1t would fit snugly around the pipe, with the side legs of the
"U" being bent up to form hooks holding 3/b~inch pipe. The nooks were held

*See Appendix D

s
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to\thc Pire by a long sarow. A eliding type clamp, with eccentric locking
action, wvas slso designed to achisve infinite vertical adjustability of the
bwike., This also parmitted a dual level of adjacent bunk surfaces during
the day for use as teble and bench combinations.

Slotted Angle

A third type of bunking unit wae designed from slotted
angles such as made by Lyons or Dexion*. This meterial has advantages in
ecne of fabrication, versatility of design, and ready adaptability. Since
scme standard Navy bhunk frames were available, the initial items vere
designed to hold these frames. The first unilt was deslgned to hold six
bunke, with the side stretchers only fcur feet long. This resulted in the
ounk frames or stretchers extending beyond the supporting structure; hovever,
i1t required the use of less material. The bunk frame. were fastened to
thie upright by hcoks bent from .100 inch steel which were bolted to the up-
rights. Spucing bLetween the burks was 21 inches, with the bottom bunk 6
inches from the floor. The slotted angles were 2-1/lW=inch by 1-1/2-inch by
lk-gauge. This resulted in a very rigid structure. Another structure of
this nature was designed and constructed five units high by two units wide
to accommodate 10 people. It was found that this structure was not quite as
rigid and required repositioning of the side ovraces and end braces as well
as the addition of 6 inch by 6 inch gusset plates.’ Thesé' modificEtYons re-
sulted in'a very rigid structure.-.

In reducing the amount of material required, the bunk
frames were eliminated and instead a stretcher-type construction was uscd,
wherein only two side poles orf 3/b—inch extra~-heavy wall steel pipe were in-
serted into pockets on the side of the cloth bottom. To get proper support,
the side rails of the bunking unit had to be extended to the full length of
the frame to support the streichec poles at the ends. This also resulted in
a unit which could be added onto from the end rather than frou the side, which
would have been necessary in the previous comstruction. During the fabri-
cation of these 'wnits, work was also done on improving the means of fastening
or attaching the hooks to the uprights. It was belleved very desirable to
have & quicker method of attachment rather than the use of bolts, which was
time—consuming. Upon introducing the stretcher type bunks into the prototypes,
the bunk width was accordingly reduced from the Navy dimensions to that
recommended by the Army study.

Considering the good rigidity which was obtained
with this slotted angle, a lighter dty engle {1-1/2 inch by 1-1/2 inch by 1k-

gauge) was utilized in & unit. Construction of this unit and testing indicated that,

*See Apperndix D
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vhile there was sufficient s’ xructural strensth to support the ten people
% an avarage of 200 pounds each, the amount of sway and bending would
reike 1t paychologlcally unacceptable for the persons who were required to
use the large unit, It was therefore determined that the equivalent of

the 2-1/4 by 1-1/2 by l4—gauge engls would be necesaary to provide on nc-
ceptavte unit

The design of the slottcd angle bunking facllity
revealed that to obtain the required rigldity in the structure, several
side rails were required. Since these rails ran in the same direction us
the bunk poles which were supporting tie sle:zping surfaces, a more econom-
ical unit could be obtained by lacreasing the rumbexr of side rails and
eliminating the bunk poles altogether (Flgure 5). Several designs for
attaching or fastening the bunk material to the rails were investigated.

One method determined to be feasible was using - single layer of cloth cut
to rize, with no other fabrication and at*taching this to the rails by an
elongated hairpin clip (Figure 3).

The final alteration made in the slotted angle type
construction was the result of the desire to have a unit which was flexible
in operation and easy to assemble and disassemble. The ordinary means of
fastening slotted angles together 1s with bolts and nuts. It was found that
assembly, even by experienced persomnel, took approximately 2 hours. This
was not considered acceptable, particuloa-ly in consideration of a possitle
requirement for daily disassembly, and the desirability of having a flexible
unit for both sitting and mealtime purpceses. At that time, & hooking ar-
rangement as developed which permits the slde rails to hook into the upright
at any level desired (Figure 6). Assembly end disassembly is very easy and
the bunks may be moved up or down at will. This would also permit some
latitude in the spacing betweer bunks, should some specific instances require
it (Figures 7, 8, 9, 10, 11).

Fabricated Channel

Another unit development wes the result of discussions
with commercial manufacturers who produce laxrge, heavy-duty storage racks
for use in warehouses. The Storack Ccrporation*, which uses a keylock
principle in thelr standard shelving. wus luterested in this project and
developed a greatly modified version of their standard rack in a much
lighter construction (Figures 12, 13, 1k, 15, 16, 17). This unit ias made
of 17 gauge roll-formed steel and 1s different from the other prototypes
in that the members, inetead of belng standard commercisl components, were
specifically designed for this applicalion. Yt consists of uprights with

*See Appendix D
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alots to attuch the horirontol beams (Figure 16). Atiachment is accomplished
by a "™ lug, punched from the besm, which slides into a "T" slot in the
upright, In addition, a safoty lock punched from the beam snaps into place
when the reil is attached, preventing accidental disengagement of the rail.
There are end braces which tie the unit together, Initial assembly of the
unit revealed some side sway, so 4 sway braces of 1/h-lnch rod were Tabricated
to diagonally connect through construction holeg in thu end braces.,

The basic uuit provides sleeping facilities for 10
persons., Extra notches are included ir the uprights so that the unit can
be extended by sharing three uprights and only adding 20 horizontal beams,
3 uprights and 4 end braces. The expended unit would hold 20 people.

5. Prototypes Diacussion

All of the units or prototypes developed contributed something in the
ovaerall development of the concept for the mlti-tiered sleeping facilities.
For example, the plywood used in the initial unit was selected as the sleep-
ing surface in the final units; hooks developed for the initial slotted-
freme unit for supporting the stretcher type bunks were incorporated in the
final slotted-angle frame which did not incorporate stretchers; and the
adjustable features which provided a bench and table from the same sleeping
surfaces was originally conceived in the pipe frame prototype and was later
incorporated into the other units. Therefore, the strengths and weaknesscs
of each unit were evaluated and provided a basis for progressing to the
next step. The short time available required that several items be evalu-
ated simultaneously; thus some units incorporated 2 or 3 concepts at the
same time. Since the study of the dimensional requirements occurred
simultanesously with the prototype development, it was not possible to
incorporate tne finanl dimensiocns in the actual prototypes.

Wood Frume

This unit, while 1t did not heve the required stability and
rigidity which vas required, 4i1d indlente that a very low cost unit was
available (approximately $2.00/perscn). This unit still could stand
further investigation, since wood han the natural adventage of great
strength to weight ratio; it 18 an extremely versatile material as far
as fobrication and assembly goec; anyone can work with this material; and
it is readily available in large quantities at low cost. It does, however,
require more storage room than the sluttec-rngle or the fabricated channel
units, since it does not nest as reudily. Tt might also be more subject
to pilferage.

Pipe Unit

The primary advantage or “his unit was the easy asssembly and
disassembly. The Speed Rail fittings with Allen set screw anchors permittec



very rapld assembly of the pipes into a supporting frame. 1In addition,
the uee of sliding clamps on the upright permitted wido adjustability in
the positioning of the bunk surfaces (Figure 2). This versatllity led to
the concept of using the bunk surfaces as benches and tablas during the
daytime. However, thexre were two major drawbacks to the use of this item.
Firat, the corner clemps did not gilve sufficient rigidity to the frame.

A redesign of the clamps would be necessary to get the required rigidity,
but it is believed ihat they would ba too coatly considering the quantity
required per bunk unit. Secondly, the use of pipe or tubing also makes
this unit too expensive. It was recently learned that the Harvard Manu-
facturing Company* has produced a unit similar to this in the three high
bunk. This unit has not been examined, but limited information available
indicates that the construction is very similar, utilizing the same type
of fastenings for the corners. Further inveastigation might prove interest.
ing, although it is believed thut expanding this into a five high unit
would still lead to a unit which did not possess sufficlen* rigidity and
would be too expensive.

Slotted Angle Unit

Of the constructions investigeted, this was one of the two which
shows the most promise for a free-standing, low-cost multiple-tiered
sleeping facility. The material is versatile, readily available couamerclally,
and in quantity procurement reletively low in cost. Tne unit began as a
completely slotted angle frame; however, it evolved into & combination of
slotted angle and specianlly fabricated slde rails to getl lower cost and
more desirable assembly and disassembly features. As pointed out in the
description of the unit, it wes originally intendzd to support stretcher
tyre bunks. This would have provided for very easy insertion of individual
bunks by personnel using this unit. However, i1t did require that each bunk
frame be assembled. In addition, when the units were designed to hold bunks
tiered five high, it became necessary to provide several side rails to make
the unit steady enough for public acceptability. When the parts of this
structure were combined with the members used in the stretchers, the cost
became excessive, running over $4.00 per person. The concept of combining
frame members and bunk supporis then became a loglicel solution to the economic
problem. Since cloth type bunk materlals were being considered at this time,
the frame was designed to support these materials. Reasonebly easy attache
ment and adjustability of the materlal was obtained with a hairpin type clip,
which was designed for this purpose. However, it then became obvious that
the plywood base materisl, which was used in other comstructions, had many
advantages and the structure was slightly altered to accommodate the plywood.
tside from the advantages of utilizatlion which have elrendy been cited, the

#See Appendix D
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rlyvood also trensfers the load of the person on the bunk more evenly to

the bunk framu placing less strain on the frame. With olher methods, there
van conalderable distortion of the side rajlas. The hooks which were pressed
into the modified side yails enabled rapid assembly and disaseembly of the

side stretchers to the uprights (Figure 6). Anticipated cost for a 10-
rerson unit is:

Steel fremework $30.76

10 plywood bunk wurfaces 8,60
$39.% or $3.93 per peroor

It is considered that redesign of uprights and bunk rails can materially
reduce the above cost,

Some further refinements are possible in tl.s slotted angle
construction such as;

| Detailed anelysis of the frame mem.ers for utilization of
lignter gauge, higher strength steels providing mor¢ economy.

'Poasibility of designing special upright with only those
holes which are required for the flexibillitcy cf arrangements in the bunk-
ing unit. Thisg would sllow a lower cost upright and in addition would
remove t... upright from the design of any particular manufacturer.

Modification of the hooking srrangement to allow easier
assembly and more positive locking in position. This latter consideration
is deemed essential.

Fabricated Channel

The other unit whigch showed promise as rar as a muliiple

tiered bunking unit was concerned, was the unit menufactured by Storack
Corporation. As stated earlier, this item is an adaptation of their
standard heavy duty storage rack for warehouses. It was a major redesign,
meintaining only the essentlal feature of a quick lock-in type rail vwhich
hooks into an upright member and locks in placé. This unit's structural
menbers were specifically designed for this purpose and therefore achieved
a degree of refinement and econcmy not evidenced in the other units. The

unit 1s easy to assemble, atructurally rigid, versatile in arrangement, and
lovw in cost.
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Antlcipated cost for a l0-person unit is:
Steel framework $21.71
10 plywood bunk surfaces 8.60

$30.31 or 3.03 per peraon
Auticipated cost for a 20-person unit 15:‘

Steel framework-10 person $21.71
Steel framework-10 additional _16.25

$37.96
20 plywood bunk surfaces 17.20

$55.16 or $2.76 per person

In construction, it is essentially the same as the unit described previously

made from slotted angles. There are some refinements which are still pos-
sible with this unit such as:

Use of thinner gauge material of a higher strength steel.

4ddition of more "T" holes in the upright to achieve greater
variety of bunking arrangement and provide sitting and messing accommodations.

Slight improvement in the redesign of the hooking lugs to
achieve greater strength and ease of manufacture.

Modification of "T" holes in uprights for easier assembly

Storack Corporation, in designing this unit, kept as a very impor-

tant factor of design, the adaptability of the structure to mass production
at low cost.

6. Recommended Bunk Units

This iavestigation had as its goal the design of one or more multi-
tiered bunking units which could serve as sleeping facilities for fallout
shelters. Taere vere many requirements which were placed on these bunking
units, such as ease of assembly, low cost, adaptabllity to any configura-
tion of shelter which might be used, arnd adaptability in connection with
any obstructions, either ceiling or floor which might be encountered. Other
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factors included resdy availability of mterials for Procurement, dura-

bility in s*orege, ease of assemdly, easze of disasoembly during the da
compactness in storage, adaptability for multi-purpose use, lggh as 1nY,
corporating seating and table facilities in the unit and adaptabllity
for several levels of austerity.

Consicderation of all of these refinements led the investigation
into many ficlds of materials and structures. The final phase of the
investigation resolved itself into two units which have basically the
same structural concept, but have some differences in design. These are
the slotted angle bunk unit and the fabricated channel burk unit. No
tests have been conducted on eithar of these units as far as actual use
by personnel is concerned; hovever, load tests during which 2000 pounds
vere placed on the unit (to simulate 10 persons at 200 pounds each)
indicated there vae sufficient structurel stability and rigidicy to
serve the purpose for which they are intended. The, incorporate all of
the requirements stated and do 80 at a very minimum cost. While the anticie
pated cost of the fabricated channel unit is considerably lower than that
of the slotted angle unit ($3.03 per person vs. $3.93 per person), it is
believed that with further refinement, the slotted angdé unit cost could
be reduced to a comparable figure. Both of these units are adaptable to
many different types of bunking surfaces; however, it is recommended that
a l/h—inch Plywood sMeet with the grain running perpendicular to the long
axis of the bunk be utilized. Use of 1/k=inch tempered hardboard is slso
possible if a lower price can be obtained. The plywood incorporates many
-dvantages which have been discussed previously. These include such factors
as gcod orthopedic support, versatility as sleeping, eating and sitting
surfaces, storage durability, low cost, ready commercial availability,
ruggedness, good load distiribution properties and possible utilization
after evacuation of tic shelter. The recommended size for each bunk is 2L
inches wide by 75 inches long with 20 inches vertical spacing between bunks.
The nature of the bunking units showing the greatest potential gave no
natural storage area for personal effects; however, it is considered that
an inexpensive accessory for the final bunk design could be developed to
accomplish this purpose.

T. Litter Cots

Combination litter cots were investigated as a possible approach to
the shelter sleeping problem and, although most commercially made items
vere priced too high to be considered as the primary sleeping unit, it is
recommended that consideration be given to the inclusion of a small per-
centage of a combination litter-cot in each shelter.

These units would be particularly advantageous for use by incapacitated
or injured personnel, who would require such unite in the event of an
attack. This type unit would also be available for use during any netural
disaster such as hurricanes, tornadoes or floods in which Civil Defense
persaonnel would play a prominent role.
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An item such as thie, which could handla the dual reaponsibilities
mentioned, would be more economical than one which was stored for very
long periods of times waiting for one catastrophe which may never occur.

Combination litter cota are available from commercial suppliers and
one of those is shown in Figure 18. This unit is manufactured by Davis
Alrcraft Products Company* and was designed for use in standard military
aircraft and vehicles. This particular unit is capable of being stacked
to 4 high with excellent rigidity and could double ag a sleeping unit in
a falloit shelter or as a stretcher for carrying incapacitated personnel
in the event of a nuclear bomb attack or a natural disaster. Since it
is designed to be accommodated in military aircraft and vehicles, litter
ratients could be evacuated without any further modification to the unit.
The cost of this type unit is presently about twenty dollars, but could
probably be reduced several dollars by the elimination of some of its
features which may be desirable for aircraft installation but which would
not have any particular advantage for use in fa.lout shelters (e.g., ite
ability to withstand an 8 G load).

8. Recommendations for Further Investigation

During this study, two prototypes were developed for high density
sleeping in fallout shelters. The items developed are strictly prototypes
and are not refined to the degree where they could be manufactured on a
production basis.,

There are several factors which should be considered. These include:

Incorporation of prototypes into an actual shelter test to
indicate any undesirsble features.

Further investigation into the type of metal that should be used
in its construction. (The prototypes are made from a mild steel and they
probably would stand up longer in assembly and disassembly if they wvere
produced from a harder, lighter gauge steel).

Refinement of bunking units through improvement of safety locks,
hooking devices, greater flexibility c¢f arrangement and improved rigidity

and strength.

#See Appendix D
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Investigation in more detail of cushioning matertals and peds
for providing various lavels of austerity, with specific recommendations
for 3 or 4 levels.

Further investigation should be undertaken on surface sleeping
matarials. Dus to its extremely low cost, the spun-bonded polyethylene
should be re-evaluated for use as a surtface material. vhen the disadvantages
ocutlined in the report are eliminated.

Initiation of a color coding system to facilitate tlLa ease of
assembly and disassembly of the units.

Preporation of imstruction manusl to outlins the method of
arsembly of the units. |

Preparation of & specification to purchase the required number
of units, as the final step in the program.
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LIST OF FIGURES

Fig. 1 - Wood Bunk Unit

2 - Pipe Freme Bunk Unit (Showing stretcher attached by hooks and
8liding clemp)

3 - Slotted Angle Unit (Showing bolted construction end hairpin
clip for fabric

4 - Slotted Angle Unit (Showing bolted construction end plywood
surfaces)

> = Slotted Angle Unit with partial sand bag load for test (Showing
comparison of deflectlion of fabric and plywood under load)

- Slotted Angle Unit - knocked down

assembled

= Slotted Angle Unit

6

T « Slotted Angle Unit
8 assembled, w/plywood Bleeping surfaces
9

-~ Slotted Angle Unit

(Showing attachment of side rails)

10 - Slotted Angle Unit
arrangement)

(Showing two-level seating & eating

11 - sSlotted Angle TInit - (Showing tench w/backrest)
12 - Fabricated Channel Unit - knocked down
13 - Fabricated Channel Unit

14 - Fabricated Channel Unit - assemblied

15 - Fabricated Chennel Unit asgsembled w/plywood sleeping surfaces

1€ - Fabricated Channel Unit - (Showing attachment of side rails)

17 - Fabricated Channel Unit
18

(Showing bench w/backrest)

Litter Cot ~ legs folded for use as litter

a. litter Cot - legs extended for use as cot
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of Deflection of Fabric and Plyvood Under Load
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Flg. 6 Slotted Angle Unit Shoving Attachment of Side Ralls
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Fig. 9 Slotted Angle Unit Assembled with Plywuud Sleeping Surfaces
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Fig. 10 Slotted Angle Unit Shoving Tvo-Level Seating and Fating Arrangement
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Fig. 11 SBlotted Angle Unit Showing Bench With Backrest
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Tig. 12 TFadricated Channel Unit - Knocked Dovn
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Work Order No. 0CD-08-62-L6
Project No. 1310

WORK CRDER
Botwean
DEPARTMENT OF Dm'mmx CFFICE Or CIVIL DEFENSRE
nd
DEPARTMENT CF THE ARMY, QUARTERMASTER RISTARCH AND ENGINEERING COMMAND

Department of the Army

Headquarters

Quartermastor Research and Enginsering Command
U. 8. Army

Quartermaster Research and Engineering Center
Natick, Massachusstts

Attention: Philip J. Rork
Lt. COlo’ QM

By virtue of Executive Order 10952 dsted July 20, 1961, en order is
hereby placed with your Commund for furnishing the following services
to the Office of Civil Defense.

In consultation and cooperation with the 02fice of Civil Defenss, the
Department of the Army. Quertermaster Research and Engineering Command,
shall, in accordance with the Quartermaster Research and Enginsering
Command propossl letter of 11 Decerber 1961, reference QMREC-R, (1)
Develop and test one or more designs for low-cost sleeping facilities
consistent with meximum space utilization in shelters; (g? Explore the
characteristics of low-cost sleeping accommodations especially sulted
to shelters; (3) Examine the feasibhility of attaining varicus combinations
of the following features in tiersd low-cost shelter sleeping facilities:
Three-to-five tier capacity; demountability, complete and partial;
storability (including consideration of miniml space requirements and
maximim shelf lifs in relation to teuperature and ventiliation conditions
expacted in shelters); floor, ceiling, and wall supports (flexible,
hinged, other); minimal essential durability; minimal sizes; capabllity
of adaptation to 4ifferent kinds ant configurations of shelter space,
with typloal variations in ceiling heighta, room sizes, ceiling and floor
impadiments such as pipes, ducts, mechinery, and equipment; adaptabllity
to use for sitting or similtansous use for sleeping and sitting, including
ths possidbility of combining back rests) stability; comfor't, adaptability
t0o head-to-foot vse (including information and evaluation of advantages or
disadvantages in auch use); simplicity of setting-up procedures, covering

k9



sxill, strength, and tools required; minimal height-above-floor and
spacing-batvesn-dbunks reqQuirsments, correlated with celling-~height
rYequirements for different numbera of tiers, feasibility of tiering

that starts at heights & nunber of'feet from the floor, to allow for

such impediments as permnently installed equipment or rachinery, or
automobiles in undorground yarking garages; feasibility of fnoluding
amall spaca or spaces for personal belongings. Designs shall conbine
different features. Relative costs, space requiremonts, and efficiency
of facilii'es tbat cormbine sleeping and other functions, &s compared

with the cost and effectivensss of other facilities for sleaping and
sitting, for example, shall be covered. Dasigns mey range from thoss
involving permanent prepositioning of sleeping equipment, to those
requiring minimal permanent preparstions or interference with normal usaes,
such as coverable sockets for stenchions. Consideration shall be given in
some designs to the possibility that some shelters may be used as living
quarters in a postattack period. Existing designs “rom a wide range of
sources {or possibla adaptation and cost reduction snall be reviewsd.

For example, designs developed by military and commercial sources for
treoop transport and other purposes, and those contained in studies made
for the Office of Civil and Defenme Mobilization by the Naval Radiologicel
Defense Laboratory, Dunlap and Ascociates, and American Institute for
Research, shall be reviewed. The services shall be coordinated with the
Department of Navy, Bureau of Ships, particularly with respect to any
proposed sub-contract. Five copies of interim reports on significant
findings, 5 coplies of quarterly progress reporti, and 200 copies of the
final report shall be furnished to OCD. The services for which funds are
made available undoer this Work Order shall be completed on or before

30 June 1962.

Funds in the Amount of $100,000 will be reserved on our records on a
reimbureadle basis to cover the cost of work performed. Reimbursatle
bi1lings shall ba forwarded to the Comptroller, DOD, OCD, Battle Creek,

Michigan, citing Appropriation 4320100 and Accounting Classification
02/52; 06000/9/720u§?m

If this order is acceptsble, please sign and return three copies to the
Contract Division, DOD, OCD, Battle Creek, Michigan. The original is
for retention in your files.

DEPAM‘MENI‘ COF DEFENSE DEPARTMENTI OF THE ARMY
CFFICE OF CIVIL DEFENSE QUARTERMASTER RESEARCH AND
ENGINEERING COMMAND

By By
CharYes T. Westcott

Title Contracting Officer Title
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APPENDIX B
Bunk Unit, Fabricated Churnel
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APPINDIX B- Punk unit, Pabricated Channel, Civil Defense
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APPENDIX C

Erection Instructlons
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1.

ERECTTON INITRUCTIONY

Fabricated Channel Dunking Unit Manufactured by Storsck Corporatiom

Evanston, Tllinois

Co_gngnenta:

Bosic undt for slseping 10 ypersons cousists of:

Fosts 6
Beaxs 20
End Braces 8
Svay Breces 4
Bunk Bottom 10 (not furnished)
Assendlv:
&a. Lay 2 posts on floor, parallel, with "T" slots facing up and
open part of post facing in.
b.

Attach 3 beams between the posts by slipping the "T" lugs
intc the upper "T" slot of each pair of "T" slots, utilizing
the lover 3 sets of slots. (Note: When slipping "I" lugs
into "T" slots make sure that straight portion of safety lock
i8 up. Theres is & slight teper in the lugs and slots and the
componsnts will not completely seat if not properly matched.
Be surs that the safety lock snaps into place.

Repeat (a) and (b) to have 3 sets of posts and beams.
Stand up 3 sets Of posts and beams and hook in end braces.

Attach belance of beams, having one set of beama on each side
of tho center posts.

Attach sway braces on each end of unit by slipping into round
construction holes between 2nd end 3rd end bLraces.

Siip pleces of plywood or hardboard into slots in beams.
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APPERDIX D

Commaxcial Sources of Materials



QOMMEROTAYL SOURCES O MATERYATS

Syood Rail - Bollagnder Manufaoturing Conpany, 3041 Brring Orove Avenus,
Cipoinnati 23, Oho

Lyon Netal Proluots, Inn., Aurara, Illinois

Dexion, Ino., 39-25 62nd Btrest; Woodsids TT, New York

Storack Corposation, 2100 dreenwood Streat, Evanston, Illinois

Davig Aircraft Produots, Inc., 1191 Spofford Avenus, Haw York 59, NW. ¥.
Rarvard Manutecturing Ocsgany, 7619 Grend Avenuws, Cleveland !, Ohlo
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