


BRD 76R278

Technical Report

R 796

Sponsored by
NAVAL FACILITIES ENGINEERING

September 1973

NAVAL CIVIL ENGINEERING LABORATORY

Port Hueneme, California 93043

Approved for public release; distnbution unhimited.

NATIONAL TECHNICAL
INFORMATION SERVICE

COMMAND

-y

DEVELOPMENT OF A

QUICK CAMP SYSTEM

‘ FOR SEABEES

g by

-’
.~ Richard H. Seabold
























by Miner Er‘thrpn_si-s,d and the containers were
certified by the American Bureau of Shipping [2].
camp kitchen, and all
purpose and package

fabricated for testing by the Navy (Figures 1 through

Prototypes of the utiities,

modules the messing were
335

Tests were performed in 1972 on the kitchen
all

passageway in the Environmental Laboratory of the

module, purpose module, and connecting

Naval Missile Center, They included hot environment,
cold environment, rain, and snow (Figure 4). In

addition, the camp utilities, kitchen, and all purpose

modules and the passaceway were exercised by
Seabee teams of the THIRTY-FIRST Naval

Construction Regiment at Vandenberg Air Force Base

(Figure 5) during a road construction project, The

exercise included truck transportation, forklift
handling, emplacement, leveling, complete set-up,
habitability, and dismantling, The tests and the
exercise were evaluated to generate data for the

second cycle of system analysis, At NCEL, static and

dynamic stress analyses were made of the container

frames using computer codes, and a cost-etfectiveness

study of

Quick Camp versus ABFC was made,

CONCEPT FORMULATION

User Needs and the Environment

Primary prospective users are Seabee

underwater construction
{(MCB)

command

detachments: Seabee teams,;

teams; and mobile construction battalion

squads, platoons, companies, and
headquarters, Secondary prospective users are Air
Force Prime Beef and Red Horse units and various
Army engineering units, Also, the modules could be
used for temporary housing in emergencies and for
field testing facilities, Modified versions can be used
by anit-submarine warfare forces as part of the
CLASH exercise and the Arapaho system,

Background studies of Seabee organizations and
operations, the Seabee Team Table of Allowance [3],
the MCB Table of Allowance [4], and the current
Advanced Base Functional Component (ABFC) (5]
System were made for defining the problem and
establishing requirements. Other background studies
were made of the state of the art of containerization

and the caipabilities of both civilian and military

carriers. Thic work included a study of some of the

Figure 1.

Commander, Naval Facilities
Engineering Command (sec
ond from right) and Com-
manding Officer, Naval Civil
Engineering Laboratory {sec-
ond from left) touring the
camp utilities module.



Figure 2.
Interior view of the
kitchen module.

Figure 3.
Interior view of the all
purpose module with the

messing package installed.



Figure 4.

All purpose module (left),
flexible passageway (center),
and kitchen module fright)
during *he snow test in the
Environmental Laboratory
of the Navai Missile Center.

Figure 5.

Camp utilities module
{left), kitchen module
{center), and all purpose
module {right) in use by
Seebee teams during a
road construction exer-
cise at Vandenberg Air
Force Base.






































































Figure 18.

Exteric.” view of all
purpose module
showing cargo doors
and module supports,

Figure 19
Cargo door dog, handie,

and padlock
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Figure 26. Floor plan of camp utilities module with equipment packed for shipment.

Figure 27.

Interior view of kitchen
module from outside
with cargo doors open
showing ease of plumb-
ing maintenance.




Figure 28.

Detail view of kitchen
plumbing showing
dishwasher (left), sink
(center), and water
heater (right) with the
cargo doors open,

The floor plan of the all purpose module (Figure ymbination refrigerator LOWe ind sink, Wit
20) shows the messing packaage installed, The package ) rchian door open, the module in be used as
ntains five tables and 26 chairs, Table space was wrge administrative ffice This module al W
sacrihiced 1l v TwO per nel doors and adequal sed a HN wdquarter o 1ing
nsle race for ergency eqrs T he wule w vorking apartment tor tt Img n
) modate 20 men ir fort. 23 mer h rather erk, | idd idministrative/med mod
tught aisl pa nd a maximu t 20 nd a ITLIRET i i b X 1ver
SOMK wdship. Crowded nditions when 26 men ar imps 1 provide fhice berthung, and 1
preser ) | relieved by the k mnnag i preparat ta 1 ! ] eed Tor N {
Kitce 1 | U g three ! e { !
ther eating i r by using an addit The kitcher fule (Figur 23) ha
) Durg " Any n ber i all purpost L ] refrio t I r, base InNe
i t 1 together by texit 81 t ing t vater ! i
{ G k, dishwasher, and ser j tak Tt r )
} th wndry package nstalled ha rica ) 1 r
it half ! r space 15 needed for tt in t I aga va ! f 1 prepara
) ir 1 } her halt warlat for pr re ind 11 i
LOr 3¢ it r rking space I tor f jen |
Tt r plar f the work shop r jule (Fig ! red !
21) st ) gas bottle rack, work benche b ine The f Figr 1) has |
nd bins, Ten-gage steel sheet is used to protect ti ! Ker Kers for six t
floor e end where welding ' be done indoor ) ) ! ! ] i
The floor plan of the administrative/medica footloch [ je seating ax
module (Figure 22) shows an accordian door whict L initatiorn nodule Fiugure 25) nta
i separate the office from the medical treatment IVatori r stal !
station, The office has a a hiling cabinet, wa heater 1 benct iNnd a storage inet, The
abinets, book shelves, and a bunk, The medical f r of ti nodule wered with tile, This mod
treatment station has a desk, a hiling cabinet, wall il ha 1 laroe } j r tor both personnel
cabinets, book shelves, a bunk, a water heater, and a ra
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The floor plan of the amp utthties module

(Figure 26) shows the positions of major power and

water equipment when packed for shipment. The
water pressure tank and pump are permanently fixed

the DOSILIOr hown the water purification
equipment, stave tanks, and electrical generators are
portable, The 1ave tank we used outside the
r lule, and the electnical generators may be used
either inside { itside, The cable entry shown in the
hiquire ised when the generators are located outside,
This flexibility of operational mode makes t possibl 2
’ .

Ner

purh
and
N :

NO

have

perate generators remote from the layouts shown

jures 6 through 17, Rails for mounting the
1ors can be seen in Figure 29,
The water subsysterr ntains the 25-gpm water

ation umit (Federal Stock No, 4610-132-5442)
3,000-gallon fabric stave tanks (Federal Stock
»430-355-4486) listed in the TOA. These units

been proven trouble free, and one purification

it has ample capacity for the largest camp (104

men),

Portability allows flexibility of use at camp
and tdoor # results in additional habitable

in camp utilit nodule

Nonpotable water 1s moved by a portable pumg

¥
fromn
stave
interr
quig

} raw water source through a hose 1o One I the
tanks for setthng and storage. During
ittent peratior it the water punfication
ent, a pump in tt iconery section torees

e e ——— TP

water from the nonpotab'e water tank through the
filter section to the other tank for storage in potable
form, Immersion heaters are used in both tanks in
cold weather to prevent freezing. Next, the potsle
water passes from the storage tank through the
pressure tank and pump (Figure 26) to the water
distnibution panel in the side of the module, Water
disiribution can be one way in warm climates or
recirculating in cold climates to prevent freezing,
Each camp utilities module can service four user
modules, Quick disconnect couplings for distribution
pipelines, return pipelines, and pipes to storage tanks
can be seen in the right half of Figure 30, The larger
couplings and valves in the top row are for the
distribution pipelines

Water service is provided to laundries in all
purpose modules, medical treatment stations in
administrative/medical modules, kitchen modules,
and sanitation modules, cach user module has two
flexible plastic pipes 60 feet long, one distribution
line and one return line, which can be connected to
any pair ol couplings on any camp utilities (service)
module, Therefore, user modules must be within 60
feet of a service module to receive water service, This
himitation s satistied in all of the recommended
layouts (Figures 6 through 13) and alternate layouts
(Figures 14 through 17).

Figure 29
Interior view of camp
utilities module with the
generators and stave tanks
removed showing the
intake vent and filter on
the wall in the left fore
ground and the mounting
rails for the generators

4 on the floor.
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In the layouts for 26, 65, 91, and 104 men
(Figures 6, 10, 12, and 13), not all of the
administrative/medical modules receive water service,
because only four users can be served by a service

module, Under ordinary circumstances, this s

satisfactory, because the medical treatment stations

in some modules would be active for othce and

berthing space only, not as sick bays. |f water service

to all administrative/medical modules 1s required, the

alternate layouts {Figures 14 through 17) should be

used,
utihties module 1s outfitted to

Each camy carry

electrical generator sets
30 kw {(Federal Stock No, 6115-880-1945)

ock No, 6115880-1946)

a pair of diesel-engine-driven

of either

apability, Theretore, eact

H have a maximum power
itput of 60 ky r 120 kw, depending on tf
enerators set i, Tt Hecty | distribution panel
{(Figure 26) has eight 60-ampere load centers, Une of

these is internall i for service 1o th

Lt wodute 1tself, the ther sey 3¢ ired
e nnectors on th vLaide of the module (left
halt of Figure 30) for s srvice 1o use”r modules,

Electrical

Anticipated power and curr

15 provided to all module

service

nt reguirements 1or each
Table 4, The

heating, with air

type of module are listed in table

contains values for use with

conditioning, and with no heating or air conditioning,

Figure 30.

Exterior detail view of
camp utilities module
showing electrical ser-
vice connestors {left)
and water seivice
couplings (right).

Each module, except the camp utihities module,
has a 60-ampere cable 60 feet long, which can be

connected to any of the seven connectors on any

camp utihities module, User modules can be

connected in senes with other user modules up 1o the

60-ampere {imit on load except for the

centers,

kitchen which should not be connected in

seres
because of 1ts high current requirement, T!u'n'!»m-,

each module must be positioned within 60 feet of

another module and cach kitchen within 60 feet of a

camp ulilities moduie to receive electrical service, All

recommended layouts and alternate layouts (Figures

6 through 17) satisfty the himits imposed by cable
length, and also those imposed by maximum load

center current 10r the worst case (with heating).

he number of camp utilities modules needed
3 Give imp might be governed | the number of
jenerator i wmber ot r distnibution
required, and the 1otal toad (g [ requiremen i

' e 1 ber an f generators. Meetina

{ mper I ' el
IStnputing H r ; | enter
i abl is1 ¢ imber ar | o rator
f 8] waed 1or not " A ! CIH i
miid, hot, and cold climates for vanous camp si2es

The foli ng sampi ilculations demonstrate
\OW ot camp utihties modules and th

number and size of generators were determined for

the normnm
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Figure 31. Exterior detail view of module showing
support attached and jack in place.

containers is not required becaust the passageway Can

be adjusted to any length bet

en three feet and hiw
feet and the door openings can b misaligned several
inches both laterally and vertically. The tabic passes

under the floor as well as over the rooi, 15 «

zipper 1o form a closed cylinder, and then
the container at each end (Figur 5.

An mntake vent and filter can be seen n Figure
29, and an exhaust vent and fan can be seen in Figuri
36.

The entry for utiities of the kitchen module i
shown in Figure 37. In the left compartment from
top to bottom are the water return f oupling, waiet
distribution coupling, and drain plug, In the nght
compartment from top to bottom are the stud and
nut for connecting a ground wire, electncal servic
onnector with cable connected, and a pau ot
convenience outlets, One of the level indicators can
be seen a short distance to the left of the entry 1or
utifities, Other modules, which can be conmnt ted
electrically in series, have 1wo electrical service
connectors as can be seen In Fiaure 33. These

connectors are different 10 prevent INcorTel 1 set-up.
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The 60-foot, 60-ampere cables used between
modules are all the same, One connector 1S male
within a female cap and the other female within a
female cap; therefore, the cable can be oriented only
one direction tor set-up, Connectors on the moduies
are male within a male and female within a male,
therefore, a user only can be connec ted 1o a source, 11
is impossible to connec? = user 10 a user, a source 1o a
source, or to form a 10C p containing a sen ce module,
Thus, it is impossible 10 set-up the electrical service
cables wrong, without modifying the cables or
modules. Two 100-foot spare cables are to be« arried
in each camp utilities module 10 substitute 1or
damaged cables and to make exceptions 10 the
60-foot spacing iimit where necessary. Cables used
between generators and distribution panels are
different; they are 200 amperes, are larger in
diameter, and are hard wired 10 the generators by
stud-and-nut type terminals.

The over-all coefficient of heat transfer for the
modules is about 0.1 Btu/hr/ft2/OF, which is well
within the maximum limit of 0.25 Btu/hr/f12/°F
specified in the design criteria. Heat transfer
calculations are summarized as follows:

General Equation for Co fficient of Heat Transfer (U)

X x

1 1 i n 1
—T.:_-Q.k—-+__2.4u‘+_k_+_h__ (1)
u h; 1 "o n o

: . )

U coetficient of heat transfer (Btu/hr/f1</VF)

i convective heat transter ol inner air film

iy
{Btushr/ 114 /YF)

x thickness of matenal (1t}

k thermal conductivity of material {Blufhr/ft/9F)
n number of materials in the cross section

ho convective heat transfer of outer air film

%
{Btu/hr/it4/VF)

Conductivity of Materials (k

Wood . .ocese0ss o T . ... 0,07 Bruthi/fr/tt

Polyurethane Foam . . . ...« .. . 0.02 Btu/hr/ft/F

Fiber Glass Reintorced Plastic 35 Bru/hr/iy/Vh

Convective Heat Transfer to Air (h

tnner Surface (667F) , . .« o v ¢ ¢ = 0.40 ihr/it t

Outer Surface (O¥F) . . . . o ¢ o5 0.44 Bru/hritt f
Section Through Roof, Side Walls, and Front Wall

Warm AT Film . . . v s v s oo s 0o 0 s s (S e

Painl . oo seoososamssaasnansssnsss neglected

Aluminum SHeet . . . cc e o569 . . neglected

e



Figure 32.

Flexible passageway between
kitchen module (left) and all
purpose modaule {right).

e

Figure 33
Forklift loading the all
purpose module onto a

flatbed semi-trailer.



Figure 34. Telescoping supports for the flexible Figure 35. Exterior detail view of flexible
passageway.

passageway showing snaps.

Figure 36

Interior detail view showing exhaust
fan.
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CONNECT DIRECTLY 70
UTILITIES MODULE

BO NOT CONNECT IN
SERIES WITH

ANOTHER MODULE

Gy R P R 1/4 in,
POlYUrBINBRBFORIN o o « 4 s 66 4.8 5 4 a5 s asrses 1in,
Fiber Glass ReinforrecdPlastic . .. ......... 1/32 in.
CRTINODE 2 s vm B s A ® SR B eeTe bk 3/4 in,
Fiber Glass ReinforcedPlastic . . . . ... ... .. 1/32in.
57 A o os GRS o S r S neglected
ORI AT M. 0 i 5oe &4 o name b &% 4 5 Rk owam s 0°F

Section Through Rear Wall

AN AT o ve s s cnmssssmssensne 66°F
AR« TER v W % & 2 5N e & S neglected
AluminumSheet . ....ccoscasss000s neglected
ERVERINATS 4 aiin: s G108 o & ok b, 81 B AW n 1/4 in,
POIVATEINANE PO & 4 s s ¢ 55 9 4 454 5 b 5 % x5 1in,
DINAINGEE., . s v 5k 4 A & i & s Y Y neglected
COdBIFERM . chvnsosnsvsnbaisssssans 0°F

Section Through Floor Between Floor Beams

BRI 53 v e % 4 % 2R S e 5 s ¥ 66°F
IO ADO0L o =2 s 0 50k v s w v 5 slig bk sl 8 1-1/8 in,
UNHEODBBNG. o oo s n o s s e xnr s s wdibesdesse 1in.
ROIAITEBT v oo o v véensnsdime ssisanrss 0°F

Section Through Floor at Points of Contact With Floor

Beams
NAGERSE I o gl e as Gaw v 2 as s e e p 66°¢
Wooden FlOOT . o c oo v 3 cvossonsnnssos 1-1/8 in,
DI GBADY oo ¢ n'és s n b o s e s b s sn s 5t negiecied
GRARICHEIM: 5 g 555 06 ws 05 50 e v s b 560 0%
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Figure 37.

Exterior detail view of
kitchen module utility
assembly showing water
distribution, return, and
drain connectors on the
left and convenience
outlets, grounding con-
nector, and electrical
service line on the right.

Thickness of Equivalent Roof, Side Wall, and Front Wall
Section (x)
Wood . . . . .xq=14+3/4=1in = 1121t
Polyurethane Foam , . . . . Xg = 1in. = 11211
Fiber Glass Reinforced Plastic . . .x3 1/32 + 1/32
1/16 in.
1/192 ft

L]

n

Thickness of Equivalent Rear Wall Section (x)

Wood . . . . . . . . % =1%4in = 1/48%s
Polyurethane Foam . Xp = 1in. = 1121t

Thickness of Equivalent Floor Section Between Floor
Beams (x)

Wood . . . . . . . .xq=11/8in = 9/96ft
Polyurethane Foam , . . . . Xy = 1in. = 1/12 f1

Thickness of Equivalent Floor Section at Points of Contact
With Floor Beams (x )

MO % s 5 o w A ow Xq = 1-1/8 in. = 9/96 ft

Coefficient of Heat Transfer for Roof, Side Walls, and Front
End Wall

1 1 1
040 = 121007 & 12(0.02)

XL
]

1 1

1020235 @ 044 ~ 102

T 2,0
u 103 0.098 Btu/hr/ft</°F
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Figure 38.
Diesel-engine-driven
generators supplying
power outside the test
chamber during environ
mental tests.

Figure 39

Measuring clear height
between module and
chamber floor prior to

environmental tests.












Figure 40.
Broken floor tile in the

kitchen during the cold

environmental tests,

Figure 41

Forklift handling a Quick
Camp module during field
tests by Seabees at
Vandenberg Air Force
Base



























