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The purpose of this program is to set the goals, specify t13 re=
quirements, and establish the limits for my involvexzent in the dosldn
of an Undsrater Habid thich would be placed on a sutmerged continen-
tal shelf wvhich bordsrs onz of the land massss, 12 habitat would
serve an oczanographic ressarch team who would b2 employed within a
pilot progren to asceriain the performance of ths habitat for future
hunan occupaticn in lar

Tnz hablitat shall k2 dsfined a2s all of the criticzl components (or
systens) nzeaszary to maintzin a compatible environment for ran's bio-
logical neads and huszn activitiss o exist in the hostile surroundin
beneath ths sur
mends, the habitat shall have ths ability to coupensate for additional
or reducsd persennsls T
systens shzll %o acccnplishad in an orderly, efficient manner similar

to ths establizhed pilot progras.

The habitat shall bs dzsizned for 2 maxinum opersaiing dspih of
600-300 feost tansaih the oe2an surfzes, This will allow the suructurs
to b built on any cstatineatal sh2ll adiacsnt to a land mass tnat has
progarties sinilar %o my typlczl a2 s23 off the coast of szoutazm

L = m 3 2 e Al . Ly vy - - o % D e A
California, The lirnitations on ths physizal size of the habitat shall

R F = B PR TS L N - - o kY 2 S ] s~ o -
be spacifisd during the dssizn prosess as thsrs is a cafiniie lacwor
= Al .o Ty by - w ey - % P “w - - - % T =t -
of positive Touyzney which cannat b2 excssdad or the habliat will not

3 & - Iz - ~ - - - 3 - - Yad - - =" 4 -
cified according to type, sizs, capabilities, and working rslalionsiips,
Tha S L + T FK e | 2 o e o e W SEoai o taadugl ¥l ot 1
dng excIDLAcn W WllsS MUl LS G2 Serulenral §5ysLeit Waksd S T2l T2

]

of the entire cozmplax and its mission efficiency.
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The tusznticth century has propelled man into many realms never
beforec open to his visitation due o the technological tarriers which
had to be ovarcoms., Spacs exploration has set the tempo for countless

i
massas to bacoms excited over the possibility of man's extension beyond
his planet. Housver, there exists a vast enviromment that man has not
- ¥
penetratad as a human being; discounting the possibility of his evolu.
tion from it. This world is that of the oceanic enpirs, the ssa and
& »

all its depthuse Let's take a look at some of ths opportunities still
available within this environment.

By the year 2000, the world's population will be approximately 6
billion pzoolze. A lot of the incrzassd danand for enargy, food suppliss

- < » oS i
and habitable space will undoubtesdly b2 metl from the ssa. Man has

already turned to the cczan and tegun to explors the possibilities of

- LY . s A . s
this vast resourcs waich physically occupiss 705 of tne earth's surface,
This is evidznt prirarily in the fi=ld of ecaanogrzphy wisrs nsw re=-
search vaszals ars probing tiz dapths for new me2aning of tne oceanie

nn - = . = et and S D ey der £ % P
ye2anozg Ay 15 tag selaniliilc Syusy Ol 1% p2ri
= T - TS /SRE F e P cmyn g =ef &Y Sma - T4+ =
T the earia mitlch Is covarsd wilsh =22 % Te 1ts
z L s : poe | PR Yivy A -k - =D
objastivs is to incrs3zse human undarstanding of all
- - ! i - - - - - -1 - 2 8 -y -
aspacts of ithe oc2ans3--t12 DrOparitiss and C3GaVIOT
) St = T o s -~ L P R = -
of the oc2zan 3ters, ths naturs of living creaiures
3 X - i 3 = - -2 = ke L Lo 4t
in ths g2z, fh2 intarsezions boi2sn W2 w2Ter3, Loe
: Yo inan e - B S e i 1 | e I el 3 A LE
air atove thzn, and *as s0lid sarta teasatn, 2nd s
) P I=EE T e Ty £ LI gt e ne
shaps and siructurs of the oc32n tasins."
ke dea 3 Alad paaa - ok - =y S 3
It is estinatsd that tio-thirds of the people on earta suffer in
- - - -y - -~ s - = 34 - - e Rl -l
a graater or lessar dezrss fria daficisncy dissasss causzad by ths lazk
- * +a3 3 S £ —— L) E s B
of animal protain in their food consumpiion, Thls protaln <3llcienc)

't)J
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covld bs met by a 308 inc

million tons to,53 million tons a y=ar.
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machines, He would perforn all of his work functions beneath the

sea and take his leisure time on the vast land resources. Thess would

be surface playgrounds which man could again enjoy as did his ancestors,
Many attempts have been mads by verious individuals and organie

zations to efficiently inhabit the ocean bottom. DMost of these have

been exparimental progroms that were suceessful in mission but costly

to initiate and supporte. The vessals that were placed on the ocean

-, . =L - ) ~ Yy . = yam o= . de
floor wasre ustally of a short occupsncy duration and a "one-time" shot-

it had to bs brougat

% £ - Ll i A S -y A2 . 3 & Tam -
to the surface and outfittsd for longer tims dwrations and incrsassd

personazl,

It is my intent to croats 2 habitat that can b2 economically







ES

DASIC 18911

-—

.

<)

ESTADLI







52

-

I. Oceanic Environnent

A, Temparature

perature of the surrounding waters at the

Fariil
whih

q - that is the t
spacified dapth?
vhat degree d the temperaturs vary?

q = How often and 1o
ture compatible to man or nust it be

[ e |
s

q = Is this tzmp
conpensatad?

B. Pressur

ntant of the

alinity cont

q - r:-..’:-
\ this subs

ol

C.

relation ™

rk

Iy

(1]
m

D,
soil b2aring pressure?
tics of ths oczan botion terrain?
B,
¢ tha velocities, ragnitudss and dirsstion of curran
hzs2 Tlows?

Fe 3Surfa:







II.

He

I,

Hazardous Conditions

q -~ that effects will be producsed by earthquakes or other
mantle faults?

q - Yhat are the possibilities and effects of impact to the
habitat by desbris?

q = that are the effects of chemical corrosion on the habitat?

Visibility

- Are objects as discernible in ths ocsan &s Al
q - Ars object ernible in the oc2an as on land?

e o o
Structural Syszen

q = %1l the presszure hull ts designzd for anibient inteimal
pressurs or saturation pressurs similar o g surrownding
waters at ths specified dspin?

n 1 5 Pen o & N i n] ~r =Y - +3
q - thet are the paraneters to optiimizs for shaps, oraraiing
y L &t - Atee 2 - ke -
depth, slze, w2ighi, safety raciors, and buoyancy ratio of
) A
the habitat?

Matarial Propartiss and Perfomianca

q - Vhat is the yield streagth and wltinats strengih?

q = ‘hat is the strength-to-usight ratio?

q = What limits ars placad by modulus and modulus-to-t2izhi

ratio?

e ) + P A L HOR = |
q - What are the heat transfaer characierisilcst

el sl £ fe]
] 1

Nal
|







C. Coastruction

d of a nonolithic structural

q - Vill the hzbitat bz coz 2
rials?

material or composite ma

pos
itz

q - Will the structure be mads of conventional materials,
matﬁrlﬂls of higher St;onguﬂutju"“l“ht ratios, or wmaterials
rith high conpre salve strength and low dansiiy?

q - Vhat nethods of consiruction will be wlitized to fom the
structure?

q - How will future expansions to the structure bs acconplished?

D. Availability

<% 2 -] . .y L2 - 5 -y
« Ave the materials andfor 313+PuCLJJ) requiremsnis rea
4 T2

available or nusi neu na

g - W1l the structurs b2 negativaly, nsutraly, or positivaly
buoyant?

-3

q - W1l a foundation andfor anchoring be required

.= 5 P e Ay e -t = 4 L S =
q = 'Wi11l this b2 intsgrated wila tas sor actural systsm or s
$ - v Ry Tyt
separate systen?
- Y - e T I - - e =
q = & the reguirensnis 1I &4 ssparace sysishi 1S W c2

q = How nusch

q = Yhat ar
as teoper

tu 1

-, sn ot M= emd 43
2, Expendad Ca2s Extractiion
4+ 3 L T mr =2 ammy Eaan L A ~n -
- That is the allot=bls conceatraiion of %oxic gasss
FA R . L
in the habitat?
b iy - e T e | = - - B - Tam = L3
q = How and whare will tha sxcass toxic 3ases U2 veneac
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3. Heating Csoling, and Ventilation

q - Vhat tempsratures and humidity levels must be provided
in the habitat?

Are hsating and/or air conditioning requirsd?

£O
1

What ars the limits the systems must perform to?

O
{ ]

To vhat extent must the air bs circulated or re-

circulated?
B. Energy Sysicas .

1. Pouwar Supply and Dis

q - What are the requirenents of the power and its linits?

-3 dia23 L = = 2
aistributzd to the various

q - hat level of ariificial illuminztion will be required?

q = “hat natural i1l ation is zvailabla?

C.

D,







IV.

Ve

—12-

q - How will these products bs delivered and/or stored within

the habitat?
Waste Disposal

q - What mathods shall bs used for collecting end disposing
of organic and non-crganic wastes?

discharged dirset
placs, or dissn

- - - Al aadla P ~ 2 3 4% 3 -
g - Wzt are the activities and circula within eaen
. - 4 - - B T S,
cowporent spacs of the habilat?

q = How will travel taiiesn surface siations and the
habitat %2 2cconplishad?
q = “hat restristions are prlaced on tais mods ol wravel?
2, Habitat %o Supiace
q - Will this circulation path b2 tas as surfacs

- Ta L3 3 T 1
ao¥ation Batisan tha







B.

L0 e o]
t

o)
!

£
L]

=1

that is the material performance probtability?

that load variations arz to bo compensatsd for?

What are the oceanic temperature effects?

What linits arve met as far as dynamic effects?

bhat hazards are prevallent due to adverse ccmbinations
arising from rnanufacturing processes and construction
techniques?

vhat limits shall be spacified for safety factlors?

Vin

a
.
eaf

t tims limits are placsd on habitat sutsiergsnes bty the
avy fac ctor?

that monitoring must be providsd for chacking the bshavior
of the structurs during itz operational life?

that quzlity c:,tr‘lq Iugt te placed on ranufaciuring,
construciio: 3 the structural syst

T

Taln

psn

ser

2.

Enspgy Systenms

q - "hat provisions will ts mads for ensrgency powsr supply
nd/or distribution providsd in ths event of a pewe
falﬁ“_a?







A,

3e

Se

s T

q - bhat emergency release circuits and/or mechanisms will
support the vork systems (such as manual over-rides)?

Water Supply

q - What provisions will bs made for an emergency vater
supply?

q = Will there be provisions for sarvicing water distribution
networks?

Jutrition Service

q - Will emergency supplis

preventive measu: r au y sysiems will be

- L =13 = -
vasie disposzl

Emergency Circvlation Paths andfor Nodss
1« Internz
q = ‘Al emergency routes b2 established within the habitat

2,

- ha

=3
complex for tne occupants?

g = Wiill thesz routes b2 a directional path and nust they
be backed up by life.supgort systems?

q = What emsrgaacy provisions will bes made for isolation
of habitat spaces that navs tsen subjectzd o catzsa
trophic failurs?

Paysiolozica

L
b:.la

TS T e SRl T | o -y N

i the habitat b2 comzatible to humzan







VIIL.

B.

C.

Psy

q-

q-

15

chological

111 there be mental confrontations the inhabitants nusti
adjust to living within the habitat?

What emotional stresses might arise from the "close"
quarters?

Activities

q = Vhat human activities may be hindered or not possible?

q-

%Will living condition
surface environnents?

14/]
[
1]

sinilzr as thoss aveilable at

Feasibility Analysis

A,

B.

C.

D,

econonic tass for supporting and living in

to start and carry tase

r

'hat are the alloted times for complsiing ths various
£ the projectt

~
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Oce2anic Environment
Temperature

Referring to the Ssalab II Project, temperatures at 200 feet
depth off the shore of la Jolla, California varied from’ 52 degrees
to 58 degress Fah. with temperaturss in the range of 53 degrees to
55 degr:sas przdeminating. It is assumed that temperatures at 600

agreas to 48 degrzses Fah,

for human occuration. See

- + 11m = vy e 2 " =11
s2a sater producss an exesss prassurs

At 600 feai depth this would

A=A A Raas kY mm o
24034 Lot PR - SHER R 8 s I

e gy [ o 4 N -z o i o e Al H 3
The sez floor off %ha coast of Califovnia is ratter unigue in
[ N B R e e R, L ey Sy o oL PPl IO - S 2

its physiozrachy far it has a complexity that has resulisd in a
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Figure 1. Temperature
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knowledge obtaoined here can te extrapolated to more distant re-

glons. The continental shelf here has both 2 rocky bottom and
silty sand; the latter being the most comrion with an approximate
bearing pressure of 300 psf and six or more inches of silt. There
exists here a series of step-like terraces and terrain of zero
degree slope to approximately twenty degrees slope which might be
selected for habitat placement. See the Appendix for contours.
Subsurface Currents

Detailed informztion is not availablelto accurately predict
the undersesa currents in the area of the continsntal shelves dus
to the many unknowm factors that affect the current flow. Howsver,
it may be assumed that a current flow of zero to two knots per
hour could be encountarsd. Sse Figzure 4 for more information,
Surface faves

Referrinz to 3Sealab IT Project, little effect was felt on the
(=] ™) »

face support vehicles or penstrations through the air-ssa facs,

-
wave notion is a ecriiical item to functions requiring stabilify.

-

Moreover, ths oren sea tides are not in a state of undsrstandin
due to lack of accurate tidal data forms from off-shora rezions.
izl action will have no adverse =ffects

It is assun this ti

f&

t I'
upon the habitat

Marine Orzani

9
i

High concentrations of plankton and sedirent greatly reduce
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the transparency of the ocean waters, making visibility poor. It
has also been observed that much of the marine 1ifé have a tendency
to crowd around habitat viewing ports, making sea obssrvations dif-
ficult. As on ship hulls, barnacles will grow on the habitat's
exterior unless preventive measurss are taken. There is also dan-
ger of fouling by various species of hydroids, algae, calcarsous
worms, and s2a squirts. Collision by large marine organisms is in.
probable, yat compansations in the dssign should take such impacts
into considaration, ;
Hazardous Conditions

The effscts of earthquakes on undarsa2a structures go beyend

that which is predictabls from subaerial quakes., Undsrwater ssis-

m

mic shocks havs caused a brief hydraulic overpressurs on the ssa
floor. If vertical accslarations on th2 tottom in deep watar

approach the intensity and duration recordad near epicenters on

undserssa habitat that was not dasigned to withstand this forcs
Debris impact to the habitat is a condition which nmust be theorizad
as to protable damags that could te inflicted by occurances such

as this, sincs th2 actial protability of occurance cannot te ace

-
o
o

curately dstermined. Corrosion ugon ths i%2at is no¥ 2 major
factor unless a2 chsmical reaction occurs beti=en the water and
structural material when oxidous surfacss such as ste2l or iron

are exgposad dirsctly to the ocsan environmant.
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Visibility

Good visibility in the ocezn m2dia is affected by various fac-
tors such as sediment and plankton which tend to block vision and
reflect light transaission. Visibilify in the coastal waters off
southern Czlifornia is varied, ranging from five feet to on2 hun-
dred feet at the specified depth. The visibility will range from
day to day as do the currents waich stir up plankton and sediment.
Structural Systenm
Concspt

The critical element in the design of an underma habitat is
the hull structurs, for it must protsct the occupants from the
fatal environment.  The ability of the structural systez to resist

the pressurz load and the potential of the material to retain it

0]

g

properties in the extrsms corrosivs environment are the tio basic

t

i

vetural

o
7))
-

requirements. The conventional approach to designing
shell carabls of withstanding the high hydrostatlc pressure and of
suitable sizz for rmanned oparations, is a cylindr ic 1 sh2ll reine
forcad at intervals by siiff rings and/or bulkheads, as in the
case of subtrarines. The eylinder is then closad with hemispheria

cal ends, VYarious other siudiss have exhibitzsd more suitabls

The most efficient design for resistancs to buckling is the
sphere. This is primarily dus to its doubls curvature and unifom-
ity of genaralizad shell stress which require litile or no stiflen-

ing. Howevar, the size must be optizmized to provids for internal







1. Cylindrical: With hemispherical ends
With hemi-ellipsoidal ends

With conical ends

2. Oblong shapes: Cassinian
Ellopsoid or Prolate Spheroid

Ogive with spherical domes

3. Spherical: Single sphere
Two spheres-mters*ctmr or barbell type
Multiple spheres-intersecting or conjoined barbell

. CYLINDERS: FRAMES (EXTERNAL OR INTERNAL) AND/CR BULKHEAPS STIFFENED
1————-—3—1.
[*b » . b —

P ID A =

5, 4
I i L
, 1
]
= a
PROLATE SPHEROIP 5=1.5To 3

T
o I
Y =T « ;
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2.OTHER OBLONG SHAPES:

OGIVE ( SPHERICAL POMES
alb:2. Rilb=41mo010

2, SPHERES:
- L =
J e 1
BARRELL (CTL. JOINT)
SINGLE

BARBELL (SPHL. JOINT)

MODULAR MULTIPLE SPHERE CONCEPT

lnTEF:S.-_CTm G SPHER=S

Figure 5. Structural Configurations 3
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‘3}.‘1. 'i- Shen-D'C2', Structures/¥ztsrials 2squirements and Consida
erations For Zafaty of QOcsanis Desp Sutmerzince Bottam-Fix a:‘ Lz.—.:ﬂ

Habitat (Pennsylvania, 1907), DeSe
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Upon sﬁudying the configurations in Figure 5, it can be seen that
segrentad spheres yield about the lowsst weight to displacement
ratios. Prolate spheroids follow thess with an aspect ratlo of
2,0, Oblong shapes with two radii are subject to buckiing as dz=
termined by onz radius, whici nmust be compansated with the other
radius, reducing efficiency. Conventional cylindsrs with henmls-
pherical ends are relatively efficient dus to better utilization
of internal volums, but ars subject to buckling unless soms stif-
fening is providsd, thus adding w2ight.

The paramsters that control the optimum design of a2 structural
configuration could bs grouped to produce significant quantities

ey - 5 X L
which would r=flsct thair effsctiveness as demonstrated bzalow:

a. Volunms linear dimension
or ratio to (length or diameter)
Payload welght or arsz

‘'b. Displacament ratio 1o volume, total weight, payload weigat.
c. Ratlos of geonme
length/diazatar
ratio for cassinian

guration, e. g.,
or to minor axis
f radii of ogives.

d. Strength to density ratios of materials,
e. Buckling/yield/ultirate criteria and safety factors

gz stiffen-

Possible structural comrosition are monolithic shell, rin

ed/bulknzad stiffensd, integrally stiffened, ring and intercos

=

+
H
H

stiffened, and a doubles wall with structural core such as corruga-
tion or honeycomb.
When performing tasks in th2 ocean environment, it would be

desirabls for the diver/occupant of the habitat to dwsll in a
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saturated statelof air which would be in pressure equilibrium with
the océan-floor conditions to avoid the necessity of undergoing de=-
compression stages each time he re-enters the habitat from the
ocean environment (if the habitat tas at ambient pressure). Un-
like diving from the surface, this diver must return to the presse
urized habitat and cannot return immediately to the surfacs for it
could mean certain death. This would result from the dissolved
gases in his bloodstream expanding at too great a rate. Another
disadvantage to living in this saturated atmosphere is that the
helium required for this depth's atnosphers is both expsnsive and
interferes with cormmunications. This gas has an effect on man's
vocal chords to the extant of giving his spasch a "Donald Duck"
quality. Furthemmore, this saturated atmosphere would resquirs

the healtaisst individuals %o exist undsr this pressurs. It can
readily be predicted that many future occupants would be unable to
live in the habitat dus to their physical inabilities to withsiand
the gas mixture and pressure.

Therefors, the habitat shall be designad to maintain an atmos-
phere similar to that available on land, which is ambient or one
atmosphare. However, it must be stated that there ars drawbacks
to maintaining an ambient pressure in the habitat. The hull de-

sign nust be stronger to withstand the difference in pressure

between the nabitat atmosphere an
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less parts of the habitat are kept at a2 saturated pressure, a
diver must undergo compressicn stages to lsave and re-enter the

habitat when adventuring into the ocean.
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Material Properties and Performance

Modem organizations have done vast amounts of research and
development to define material bshavior under the oceanic condi-
tions, At the time of this progran, however, additional testing
prograns are necessary to accurately predict the effects on cer-
tain materials and their configurations at the specified depth of
this habitat to reduce the unknoims and the currently high safe-
ty factors in design processss. Material considsrations for the
habitat should include conventional and new materials as wzll as
composite materials 1o optimize on the characteristic properties
of each., The properties of different types of materials propossd
for oceanic uss by various agencies are surmarized in Figure 4.
It may noted that the detailed questionaire established undsr the
basic issues of this program is not fully answered by thls chart.
The reason for the lack of som2 of this informafion is that the
amount of space required to answer all material propertiy character-
istics would e very space consuming and not relevant at this time,
Tae intent of this program is an outline to follow for invesiiz:-

ting materials, not an informative tabulation of possible materials

Construction
Structural materials and structiural system confizurations cannoi
be selscted in this prozram for the desizn of the habitat, 3elect-

—
e

I

ion of thesz itsms and

ok
ok

ormat is impossible at this tims wi
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a constant interaction between all of the determinants that affect
one andther and the design of tne habitat. Therefore, this pro-
gram shall leave the selection of the structural system and its
construction peculiarities open until the design procesé can be
initiated. This program will, howsver, specify the group of struc-
tural systens and their related materials which will be of prime
consideration during the desizn process as evident in Figure 6.

Future expansion to the habitat shall ts one of the governing
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structural considerations. The concepts and material
must yield readily-and efficiently to impossd operatin
hibited by component additions to the complex, Britile materials
must be respected with relation to impact forces resulting from

the cornsiruction procsssas of mating of naew cerponents. The inef-

ficient use of improperly sslected connection mechanisms which do
form a compatibls link betwzen exisiing and new spaces will be
avoided, Alletancss must te mads in desizn folerances and complex
loading conditions created by the juxtaposition of new usits on
the habitat complex.
Availability

New structural desizns or materials ars often uneconomical in
their applications to solving the problems of ran's inhabitance in
hostils environzents., It is usually only zfter ths unknown factors
have been reduced arnd ths manufacturing processss havs o221 up-
dated to efficiently produce ths new systems and compensnis that
these items tecoms readily feasible on a largs scals, It is under

these assurptions that the final dasign of ths habital shall og-

7ailabl

(11}
ot
|J-
+
.KJ.

timize on the currsnt materials and mathods
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uneconomical selections reduced to an absolute minimum in order
to produce a feasible structure. All materials and construction
methods shall be selected on the premisis that they are competi-
tively produced items and not unique in their fabrication process
or employment in the field.
Foundation and/or Anchoring

Various underwater habitation experiments have shown that trans-
portation of the structure in the sea and its placerent are

difficult due to surface wave action and the varying ballast com=

s

pensations that must be made to accurately lower and position the
habitat., MHorsover, after thess obstacles have besn overcoms, buoy=-
ancy becomes a critical problem. A negatively buoyant structurs
will tend to sink into the soft ocesan bottom whersas positive
buoyancy creates the problem of constant surfacing of the structure.
A neutrally buoyant structurs will be at the mercy of the currents
or other environnmental feaiures that cause drift, roll, or other

undesirable effects. Therefors, buoyancy will be defined as a

function of the project mission. As has bsen stated, the mission

for a long period of time, The efficiency of the project can
therefore bz msasured by the 2bility of ths structire to remain

in its fixed location. This would tend to point to the fact that

a negatively buoyant structure should bs the most desirabls over

a nﬂutrall" or a positively buoyant one. However, positive buoyancy
would facilitate surface mainternance and built-in safety features

by raising the structure from ths oczan dspths to a mors advantazsous
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place for repairs or rescue. In conclusion, the design of the
habitat shall incorporate the facilities to give a varying buoyancy
to meet the problems of transportation, placement, and surfacing
for repairs or emergencies.

The foundation design must be capable of supporting the structure
on a minimum 300 psf soil bearing pressure and securely maintain
the habitat in its fixed location. It is preferable to design the
foundation as an integral part of the habitat; howsver, if a ssparate
system is employed, it should be incorporated as a part of possibly
the placement system and not a monolithic pad that must be placad
on the ocean bottom tefors lowering the habitat to it. The latter
would tend to make an inefficient project due to the amount of time
and construction neadsd each time the habitat is expanded,
Life Support Systems
Environmantal Control

‘There are tares ways to provids a breathable atm

[e]
L]
i )
o 0
1]
L |
o
L]
O
L !
23
w

occupants of the habitat, They ars: (1) the pen cyels where ox=-
ternal air supply is exhaustad and dischar
(2) the replenishabls cycle where oxygen is added and CO,, odors

and/or contaminants ars removed; and (3) the closad cycls where a

completaly ecological system is talanced by complementary organisms,
A combination of the itwo latter cycles sesms most advantz
the habitat dasiz. It is hoped that the closad system will be

the final sslsction; howaver, the amount of space and service systems

directly dater the project's efficiency. The controlling factor

hare systems shall be based on amount of work den2 by
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each system versus the support agencies required. The minimum
air supply shall conform with the requirement that "the average
man at rest breathes about 0.25 cubic foot of air per minute...".5
It is noted that an average man at rest also produces about
0.014 cubic foot of CO, per minute or 0.045 cu/ft/min at moderately
hard work. When the inspired air contains over 3 percent by volums

of 0y, it has a distressing effect on man. A concentration of 10%

will produce unconciousness. The expended COp gases must be removed

-

from the atmosphere along with objectionable odors arising from

18
waste disposal, cooking, etec. Any cabon dioxide filter employed
shall conform to a desizn standard of 75 percent saturation tased
on the following formula:

specified time period in days x 2.%1b COp/day

100 x = 75 percent
1b COp/1b of lithium hydroxide

The 2.41b COp per day in the formula is the approximate rate of

production of CO» gas2s by an averaze man.

=
Due to the cold surrounding ocean waters, no cooling of ths hab-
itat atmosphere is requirsd. Howsver, heating and humidity control

1 2 .

must be introducsd into the air., The internal atmosphere of the
habitat shall maintain a tempesraturs of 70-75 degress F. with a rela-
tive humidity of aporoximately 407, Morsover, the ventilation s;stem
should satisfy the follswing functions

1. Atmospheric circulation and distribution

2. Removal of carton dioxids (coz)

3. Removal of odors

4, Maks-up oxysz2an mixing.

8Diving Manual-1943, Dept. of Navy (Washington, D.C., 19%3), p. 137.
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Energy Systems

The power source for the habitat can be locally available or
produced within the habitat complex. Voltage at the site shall be
of a 3-phase 440-volt output. Distribution of powsr throughout
the various units of the habitat shall be by coaventional means
such as wire conductors.

Since natural light at the specified depth is insufficient to
maintain normal human activities, artificial lighting by commercially
available fixturss shall be usad throughout the habitat. Communica-
tion modss that require electrical powsr are:

{. Habitat - Support agency

2. Habitat - Swimer

3. Swimmer = Swinmer

L. Support agency - llational network

5. Personnel transfer unit - habitat - support agency.

Hydraulic, mechanical, and electrical systams should be includad
in the habitat design to facilitate placament of habitat units, se-
curing of componants, and personnsl circulation throughout the

system. This latter function could te in ths mods of moving side-

4

walks, elevators, or gravity slidss.

L

Water Supply
The purposs of ths fresh water s"stém shall ke o obtain and
distribute fresh wvater throughout the habitai for consuzmpiion,
washing, coockinz, and tathing at ths specifisd rate of a zinimun
of 10-15 éallons per day per occupant, Distribution shall e by

convantional means such as piping and storage ssptic tanks. Pro-

visions should be made in ths habitat for th2 r22ting of fresa
=
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water through hot water tanks and distribution to the various fix-
tures.- The use of salt water in the habitat shall be limited to
sanitary flushing and macainery cooling systems.
Occupant Nutrition

It is desirable that food products be mostly processed on land
establishments and deliversd pre-packaged to the habitat. However,
it is realizad that some cooking will be performed within the habie
tat to make the living unit compatible with meal preparatilon found
on land at ambiept pressure. The habitat is therefore to contain
full cooking facilities as realized in the average home.
and refrigerated storage of food products are also required within
the habitat.
Waste Disposal

Unlike submarine systems, the sanifary expulsion systsm cannot
discharge directly overvoard due to the proximity of the habitatl
to shorelines and large occupancy load of the complex., The waste

discosal system for organic compounds must either
- J =} -

Y

torz the wasizs

wu

in sanitary tanks for removal by the supporting agency; pipe the
waste to shore facilities; or chemically brezk dovm the waste for,
re-uss or expulsion into the sea water as harmless ccmpounds. 4

central collsction agency must be 2stablished for the ramoval of

non-organic waste
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Circulation Modes and Patas
Internal

Primary movsment through the habitat in a two-dimensional
planar dirsction shall be attaired by walking. Due to the compact-

edness of th2 habitat, mechanical modas of travel ars not
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anticipated for travel distance between various points within the
habitat. Movement in the third dimension, up and down, will re-
quire steps or mechanical devices such as escalators, hoists, or
elevators. Circulation paths shall ke specified to-prevent public
movenent through private spaces or unnecessary routing to make
transverse crossings within the habitat complex. Unit space cir-
culation paths shall be similar to those found in dwelling units
at surface land conditions. 3ee the 3pacersquirements (Section 5)

grans (3ection 6) of this program for further

Transportation between the habitat and ocean surface shall be

b

via a self-contained support vehicle that has adequate sysiesns

Iy

or
1life support and nmobility to efliciently transport the passengars.
The transportation system shall be capable of mating up with the
uarantes

S
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Structural 3afety
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Factors must b2 introduced into ths design considerations ©
e o T A o R P L 2 o oy e o Eon bt I

allow for effacts of .nknown principlss as ouilinzsd in W2 struc-

o e T L ;1 o S, oF - .
field of structures has reducsd the factor of safaty as low as







the 1i°"t of pressure loading and resultant catastrophic failure.

A method should be derived to estimate reliability of a structure
to predict the probability of failure which would arise from:

(1) material propsrty data and quality assurance, (2) structural
configuration, components and their complexity, (3) loading charac-
teristics and accurazcy, (&) geometric and fabrication tolerances,
and (5) failure criteriz.

Catastrophic failure can be defined as a fallure progressing

[

at too rapid a rate to permit evacuation of personnel after incipient
failure detection. 3Ieliability requirements should te specified
to retain this mods of failure. Therefors, prokability of catas-
trophic failure shall bs no zreater than 1 x 10-% for full systenm
life; probability of non-catastrophic failurs shall be no greater
than 1 x 10=2; and probability of repairable major structural
failure snall be no greater than 1 X 10-2,
Bmergency Life Support

In the event of a pressure loss with flooding, it will b2
necessary to utilize damaze contrsl materials and procsdurss. An

emargency orsathing systen

is to te installed throughout the habitat

1]

toxic gas3ss. 4 brsakdown in the heating system is not a critical
threat to ths occupants. ZHowever, provisions should ke made in the

An alternate power supply must be provided in the habitat de-

sign to autormatically take ovar power produciion 1n the event of
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failure within the main power supply. The power distribution
will be through the primary power lines and will be of sufficient
Jevel and duration to maintain all normal functions in the habitat.

Emergency vater and supply shall be provided in sufficient
quantity to allow for approximately 10 days consumption by the
occupants until the main water supply can be restored.

Emergency rations shall be stored within the complex to allow
for a week of breakdown in the normal delivery of food products.

Alternate procedurss must be established in the possibility of
a fouling or brezkdown in the waste disposal system. This emerzency
alternats ray be in the form of a central collecling agsncye.
Emergency Circulation Paths and/or Modes

Emergency evacuation routes shall be established within the
habitat. Tasy shall be dirsct routes of one-i2y flow to the evacua-
tion point of dsparture from the habitat, An emerzency mod2 of

travel must be providad ai this point to insurs safety and sp2ed

o

¥

of the occupants to the ocean surfacs, or %o a slaging area walch

will adsquately contain all occupants until the support agency can

f 1

reach them. Automatic machanical dsvices shall bte providsd through-

ot

out the habitat for irmadiate isolation of spaces that are supjected
to catastrophic failurs,
Human Attriobutions
Physiolozical

Physical burdens or limits on the inhabitants of the structure
are not anticipatsed at the time of this writing, It is hopeful
that ths habitants will exhibit the features now found in dwe2lling

4

places on ‘the earth's surfacs. However, featurss such as natural
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light will not be available at the ocean floor. Problems may
arise in areas such as this where the human body is denied nature's
environment.
Psychological

There is no question that the habitat may have distressing
emotional effects upon the occupants. A lot of tais will arise
from living in relatively confinea quarters and the ever-pressing
thought that any catastrophic failurs would result in a crushing
death to the occupants. Other conflicts may arise due to the
individual's concern wita lack of certain items such as 1light,
natural air, movement, ete. It is not the intent or this progranm
to deliniate the numerous effects proauced on man's mind during
his stay in this habitat. Since the structure is to be radically
different than conventional undersea vehicles, a study can only be
made during the design stagss of this project in the area of psycho=
logical confrontations. At this latter date, space allocations,

textures, colors, and mobility of the occupant can be viewed in a

w

more realistic manner than availabdle at this time.,
Feasibility Analysis
Economics

The pilot program for the habitat shall e rerformed by 2
professional ocearographic ressarch team, Ihe team will follow
the dictated prozram of an intersstad organization that shall
assume the undertaking of the habitat occurational program. Thls

agency shall tear the initial cost of outfitting the research teanms.

The economic braakdoim of the habitat complex shall be estimated

[{"

in the design proc2ss.
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Construction

Primary construction or tne habitat components shall be done
at various land manufacturing points. The systems will then be
shippad to tne general coastal section for preparation and sub-
mergence to the site ot ths habitat., A time schedule should ba
set up in the design process to initiate the various stages and
alloted timss of construction activity.
Future Expansion

The initial pilot program of ocaanographic researchers di=l.
ling in the habitat will givs way to a multiple expansion ot the
entire coaplsx. Expansion will be dictated in various stages to
ascertain the efficiency of tue project. The first step shall be
an increass in number of the pilot team at a rate of on2, than
double tuat figure- in consecutive steps. A maximum occupancy
g

=

shall be stated in the desizn process which will be a governin
factor in the decision to divorce tne pilot program from tus ha-
bitat occupation. At this time, a guverning body nust be esta-
blished to regulate the complex zrowth; recsivs and dictate

moairrications; and insure ths safety and welfars of the habitat

occupants,

many difficulties, owing to the varied depth of thes shelf-brsak

from place to place. Howsver, the Outar Continental shelf Lands







Act in 1953 claims the subsoil and sea bed of tne outer cont}n-
ental shelf as subject to the jurisdiction of the coastal nation.
With respect to tuis law, the International Convention on the
Continental 3helf gave sovereign rights to the adjacent contin-
ental shelf, slope, sedentary, and contained resourcss theresof
to the coastal nations at the grsatest depth at which they could
efficiently exploit,
Support Agencies

During ths design stagzs, various agencies should te called
for and describsd as to their roles in the support of the habitat.
Tnase organizations, if not directly connected with the habitat
employment, should not be aspendent upon the economical base of

the undasrsea project for their entire mission.
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SECTION ©

SPACE REQUIREMENTS
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VOLUME REQUIREMENTS

when considering volumetric requirements in a expandable habitat
complex, we must first distinguish between total volume and free vol-
ume to accurately dimension the inhabitable space. Free volume refers
to the space not occupied by internal hardware or instrumentation and
which is actually available for occupant use. Figure 7 provides some
typical comparative data on a numbter of volume linited systems. Upon
examination of tnis chart, it appsars that an ailotmeni of 50-60- 17
volume psr man is a reasonable value for long-endurance, deep submer-
gence vehicles.

Howsver, additional duration will require that increased volume
be made available to the occupanis. Over-restrictiveness adversaly
affects man's flexibility of performance, his activity, and his abil-
ity to adapt to his working environment. Mention should also oce made,
however, tnat excessive volume over the minimal functional needs of

the occupants will penalize tue total system by increasing

1g weight and

Lig!

costs. Tharefors, the followinz ssction of space requirements was

based on a minimum cublc dimension to establish the anitial size of

the habitat. As ths system expands or reduces in later stages, a

propertional cubic content is tased on a numerical occupancy, and

not on system volume characteristics.

Figure 7. Comparison of Tolumes of uUndarsea and Space fehicles?
Systen Mission Zst. Total Crew Free /ol.
(avs) Jol.(ltjj size Per Man
Bathyscapna 1 112 2 25
Bathysphere 1 93 1 25
Mercury 2 106 1 43
Genini 14 175 2 53
Apollo 15 365 3 75
Polaris 3ub 60 157,393 120 436

h2 Symcosium on 1

113,
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WASHING, BATHILNG, AND PERSONAL HYGIQIE SPACE
CRITERIA: There shall be a minimum of one WBPH space per living unit.
ACTIVITIES: Washing, bathing, voiding of body wastes.
SPKGLAL CONDITIONS: Audio isolation and visual privacy.
RELATIONSHIP: Spaces for bathing and toilet shall tave visual contact
only with privete areas of the dwzlling vnit. OGCuests

shall have access to washing and toilet facilities withe
out passing through private areas of the unit.

Z37ICZ3; Z=xhausting of cdors, tempsrature control.
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lavatory, tub/shcwsr, wter closet, storags of small itenms.

SIZE: Minimum size of the space shall ta 130 cubic feel which will
serve up to four occupants of a dw2lling unit., Thereafter, 120
cubic feet will te required for every two additional people.

DRE3SING AND 3T02SCE OF CLOTHING SPACE

CRITERIA: 3torage and drassing space shzll e provided for each

occupant of the dwelling unift,

SPSCIAL CCIIDITIO!NS: Dressin

RELATICH 3HIP:

Dressing spacs should e accessible t5 slsering and
hygiens srac2s. 3torage of oufer clotaing should
be convenisnt to the entranse of the dwslling unit,
SPECIAL SER/ICus: ilons2.
EQUIPHENT: Provisions ars nsedad Jor hanging and foldsd clothingz.
SIZZ: A minimum of 130 cubic fest par parsen for dressing. A pinimum
of 50 cubic fest for storzze of clothing for sach person.
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EATING SPACE
CRITERTA: Eating space shall be required in each dwelling unit for
every occupant to dine at one time. Additional space
should be provided for guest eating.
ACTIVITIES: Eating.

SPECIAL CONDITIONS: The eating surface and floor shoul be easily
maintained.

RELATIONSHIP: Eating space shall be adjacent to food preparation
space., Storage space for linens, eating utensils,
etc. shall be providad convenient to the space.

SPECTAL 3ERVICZ3: lione.

EQUIPMENT: Sating surface and postural seating

SIZE: Minimum of 35 cubic fest per person.

ENTERTADIING 3PACS
CRLTERLA: There shall te an entertaining space for 2 minimum of
two peopl2 in each dwelllua unit. The space, if larger,
shall be designed to accomodate intimate cown rsation
groups.
ACTIVITIZ3: 3ocial convarsation, entertaining, participation with
medias (televisisn, radio, QJJno, ete. )

SPECIAL CONDITLU:S: Yarious lighting levels.

RELATIOHSHIP: The space shall rot conflict with circulation paths
and shall have control of audio and visual privacy
bet;ee1 it and other spaces of the dwelling unit,

SPECIAL 3%x/ICE3: ~Facilitias for entertaining madia hook-up. Storage
is to te provided convenient to enteriainment space
for relatad equirzment,

EQUIPMSNT: Furniture of various ssating characteristics.

50 cubic feat for two people. Thereafter, a
55 cubie feat shall be provided for each additional
¢ within the dwzlling unit.

SIZE: Minimum of 2
minimum of 5
person livin
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RELATIONSHIPS
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RELATION BETWESEN PRIMARY CIRCULATION AND SEA LEVEL CIRCULATION
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RELATIONSHIP EZT:EEN SECONDARY CIRCULATION AND PRIMARY CIRCULATION
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RELATIONSHIP BETWESN DWELLING UNIT SPACE AND SECOMDARY CIRCULATION
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TYPICAL SITE







SITE PLAN INFORMATION

As previously stated in this program, tane potential site for the
habitat is 2 universal ons., Its rain paramsters are that if lies on
one of tne continental shelves at an approximate dspth of 600-300 ft.

A typical site has besn selected in this saction on ths coast of

southern California to exhibit some of the pa

4]

ticulars of the ocesanic

s |

envirorment as reported form a detailed study. With the pressntation
of tnhe following information, I hope to impress a few of the realistic

conditions that affect ths haditat. The characteristics of this real

w

1t has

I

site are rore appropriate determinants than a conczived site tn

not been testad whether it existis.
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TEMPERATURE AND SALINITY

Reglonal pattern of water temperature and salinity at the surface and
at a depth of 200 meters during the Marine Life Research cruise of

February 1950. °
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OCEAN CHARACTERISTICS

Regional pattern of contents of dissolved oxygen and phosphate-

phosphorus at the surface and at a depth of 200 meters during the

Marine Life Resesarch cruiss of February 1950,
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OCEAN BOTTOM TERRAIN
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CONCRET® HULLS FOR WILERSZA HABITATS

JERRY D, STACHIV
U. S. NAVAL CIVIL ZNGINZEZRING LAZORATORY
PORT HUENZ:E, CALIFORNIA

ABSTRACT

Exploratory expsriments have showm tha
able constiruction naterial for hulls enclo
atmospharic pressurs, lYodsls of sphericzl co
without penstrations have bean built and test
hydrospaca., Test results indicate that positiv
hulls of spharical shape ars feasibls for location to 3500 fest
depth, while nsgatively buoyant hulls of the same shape rmay b2 able
to b2 placed at d2pths to 10,000 fsst. Both economical and military
considerations szen to favor concrsie hulls for psrmanseni ocean
botiom installations.
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INTRODUCTION

The conquest of hydrospace requires both mobile and fixed under-
water structures capable of housing instruments and men for extended
periods of time. There is a long history of research on the proper-
ties of materials and the design of hulls suitable for submarines;
however, the research into paterials and designs for static under-
water hull structures is just beginning.

Although many materials developed for submarine or torpedo hulls
are also applicable to fixed, ocean-bottom installations, there are
materials which have not received careful study because of their
manifest inapplicability to high-speed, deep submergence submarines
or torpedoes. One such material is concrete.

The purpose of this paper is to describe several brief explo-
ratory investigations into the applicability of concrete to the
fabrication of structural hulls for deep submergence structures.*

The scope of this series of experiments was limited to models of
buoyant spherical hulls of 16 inch external diameter for 3500 feet
depth cast from the same concrete mix. Variables were introduced
into the study by varying the method of hydrostatic testing, as
well as by incorporating into the hull different kinds of penetra-
tions and inserts.

BACKGROUND

Concrete has been used in harbor installations for many de-
cades, but it has not been used for the construction of underwater
habitats. There are several reasons for this. Since concrete is
not as desirable for submarine hull construction as othar materials,
no research was done on its properties under seawater hydrostatic
pressure prior to the recent interest in fixed, ocean-floor instal-
lations. Furthermore, the impetus of research has been directed
towards the discovery of new materials that would give buoyancy to
a deep submergence hull even at greatest depths in the ocean. The
most potent argumant used against concrete in the past was that
buoyant concrete hulls are limited by concrete's compressive strength
to depths less thaa 5,000 feet and therefore cannot satisfy depth
requirements that may arise in the future. Thus the philosophy
appears to have been that since buoyant concraste hulls were defin-
itely depth limited, there was no need to conduct research on
structural characteristics of concrete as a Stop-zap solution to
the problem of finding suitable materials Ffor deep submergence
structures. '

*In this paper, '"deep submsrgence" is used to refer to depths
greater than 600 feet.
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Recently, materials like glass and ceramics have been dis-
coveredl,2 to possess such high compressive strength, modulus of
elasticity, and resistance to corrosion that buoyant deep submer-
gence hulls for fixed or mobile installations can be built for any
_depth. Unfortunately, although glass and ceramics have the potential
of providing man with hulls of ultimate depth capability, the engi-
neering problems to be solved are formidable, and the materials are
too expensive for applications in shallow depths where their use is
not mandatory. Since currently available glass and ceramic materi-
als with the ultimate depth capability have been found impractical
for general use because of their high costs of fabrication and yet
unsolved joint design problems, the path has been cleared for other
materials with limited depth capabilities, but with an attractive
cost factor and ease of applicability to large structures. Such a
material is comcrete which is theoretically satisfactory for buoy-
ant hulls with an operational depth requirement of 3,000 to 4,000
feet. In addition, engineering estimates indicate that it is more
economical than other available metallic or nonmetallic materials
when used in large ocean bottom habitat structures.

The depth capability of 3,000 to 4,000 feet of buoyant concrete
structures which can be towed to location and submerged, permits
the utilization of such structures over large areas of the conti-
nental borderlands. About 12% to 14% of the ocean floor can be
explored and settled using concrete as the primary hull construction
material for the ocean floor installatioms. While the portion of
ocean floor that could be made accessible through the use of con-
crete hulls is small in comparison to the total ocean area, in
terms of importance, it is a most critical part of the total. The
reason for its importance is found in the presence of large con-
tinental borderlands made up of shelves, and submerged banks in zero
to 3,500 foot depth range. Since these shelves and banks are
generally flat to gently sloping, and since they are also in the
general vicinity of land, they make idesal comstruction sites.

The areas of primary interest to the United States are direct-
ly accessible from this country without transversing ocean floors
that are under another country's sovereignty. By occupying the
shelves and banks adjacent to the United States in the 0- to 3,500-
foot depth range, the land area of the United States could be ex-
tended approximately 237%.

In surmary, it can be stated that although there is a need to
develop materials and structures with ultimate depth capability,
developmeat of materials and structures for depths to 3,500 feet
{s more important in terms of national defense and natural resources.
Since coacrate has been in many cases the most economical construc-
tion material on land,~it should be investigated early in the
search for unders2a construction materials. It may also turn out
to be one of tha most economical materials for ocean-floor con-
struction on continental shelves and submarine banks in the 0 to

3,500-foot depth range.
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APPLICABILITY OF CONCRETE TO OCEAN BOTTO: HABITATS

There are several very good reasons why concrete will find
application for the construction of ocean bottom habitat foundations
and pressure hulls containing atmospheric shirt-sleeve environment,
The major reasons are low cost of material, ease of forming double
curvature shells, strength to weight ratio (Figure 1) equivalent
to steels with a 45,000 psi yield point, and excellent resistance
to corrosion. Other reasons also important, but considered minor
in respect to the previously enumerated ones, are high elastic
stability eliminating the need for rib stiffeners in spherical hab-
itats for depths beyond those 100 feet (Figure 2), excellent blend-
ing in with the ocean bottom making it difficult to detect the
habitat by hostile personnel with standard submarine detection gear,
and excellent resistance to underwater explosions or impacts created
by hostile forces.

The thick walled concrete hulls for ocean bottom habitats
make it relatively easy to incorporate window, hatch, and feed-
through penetration flanges without additional thickening of con-
crete wall around the penetrations. The low heat and sound con-
ductivity of concrete make it unnecessary also to insulate the
interior of the structure against heat losses and noise emission
which is helpful in detecting the habitat by hostile personnel.
Properly formulated concrete serves also as an excellent radiation
shield for nuclear power generators with which future ocean bottom
habitats will be equipped.

The two drawbacks that concrete possesses is its permeability
to sea water and tensile strength of less than 500 psi. These
drawbacks can be overcome by taking them into consideration during
the design of the habitat hull, and by the use of proper steel
reinforcements and waterproof coatings during the fabrication
process.

Although concrete will be also used in the construction of
habitat foundations and columns supporting the pressure hull, all
of the discussion in this paper and subsequent experimental work
has been devoted only to pressure hulls, as they represent a more
demanding application for concrete.

EXPERIMENT DESIGN

Literature search failed to disclose any previous experimental
work with concrete pressure hulls under external hydrostatic loading
simulating deep ocean environment. Therefore it was decided first
to conduct an exploratory investigation into the usa of concrate
hulls for deep ocean pressure environment to determine the avenues
along which it would be most profitable to direct futuras studies.
Many avenues of investigation are open in such an exploratory
study. Not only may different hull shapes be selected, but also
the composition of concrete mix, the thickness of the walls and
types of joints. In addition, once the hull shape has been select-
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ed, it can be tested for different properties, depending on the
requirements of the study. Since so many alternatives ware pos-
sible the approach was chosen by which only buoyant concrete hulls
of maximized pressure resistant shape of the simplest construction
were to be considered first.

The pressure hull shape chosen for the experimental study was
a sphere as it represents the optimum pressure resistant hull.

The spherical hull is.also desirable for its inherent uniform dis-
tribution of stresses. Because of this uniformity of stress dis-
tribution, the strains measured at any point of the sphere's sur-
face can be considered representative of the strains on the sphere.
Knowledge of the maximum compressive strain found in simple spher-
ical concrete hulls is extremely useful in the evaluation of future
concrete hull models where the presence of inserts and penetrations
will create stress risers that may lower the critical pressure of
the hull.

The spherical shape is also advantageous for the determination
of concrete's permeability under different levels of hydrostatic
pressure. Permeability of concrete is probably related to stress
level, therefore uniformity of stress in the sphere eliminates
those side effects that are associated with the nonuniform distri-
bution of stresses. A spherical hull also eliminated any anomalies
caused by edge effects of the test sample, as would be found, for
example, in a flat specimen mounted in some sort of a flange.
Furthermore, sinmce in a spherical hull there is also continuity of
curvature, a reasonable assumption can be made that the permeability
of water through the walls of the sphere will be uniform through-
out, and thus only the level of water in the sphere must be known
in order to determine a nominal rate of permeability through the
given concrate mix.

The actual dimensions chosen for the concrete hull models were
16-inch outside diameter and l4-inch inside diameter. The outside
dimension was controlled by the inside diameter of the largest
vessel available at NCEL, while the inside dim2nsion of the con-
crete hull was based on the requirsment that the resultant concrete
hull possess at most a 0.75 weight/displacement ratio. This
weight to displacement ratio was considered to be the highest
allowable that would permit -the fully equipped concrete habitat
hull to be either positively, or at worst, neutrally buoyant.

SCOPE OF INVESTIGATION

The study of spherical concrete hulls was limited, to-date,
" to three major phasas of experimental investigation.

PHASE I - Investigation encompassed the testing to destruction
of twelve identical spherical concrete hulls of 16-inch outside
and 1l4-inch inside diameters without penetrations (Figure 3): Six
of the modals were waterproofed and six were bare.

PHASE II - Investigation centered around the testing to de-
struction under hydrostatic pressure of six 16-inch external and
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l4-inch internal diameter concrete spherical hull models with pene-
trations (Figure 4) closed by inserts (Figure 5) of different ridi-
gities. Only two sizes of inserts, and three kinds of insert ma-
terials were experimentally evaluated. All of the models were
waterproofed prior to implosion testing in simulated hydrospace
facility. ,

PHASE III - Investigation concerned itself with the design,
fabrication, and testing of two concrete habitat models (Figure 6)
with 16-inch external and l4-inch internal diameters. The models
were equipped with operational windows and wire feed-throughs
located inside penetrations of the concrete sphere (Figure &)
reinforced by annular penetration flanges (Figure 7).

OBJECTIVES AND PROCEDURES OF THE INVESTIGATION

PHASE I - The objective of the tests was to touch upon as
many facets of concrete hull's behavior under hydrostatic pressure
as possible, rather than research any one of them exhaustively.
Thus the hydrostatic tests on the simple concrete spheres were
employed to explore ultimate compressive strength of concrete
under short-term and long-term loading, the latter at hydrostatic
pressures approaching the critical pressure. Experiments were
also conducted to investigate the leakage of water through unpro-
tected concrete at different hydrostatic pressure levels. Because
of the exploratory nature of these tests, only one to three spheres
were tested in each type of experiment. Experimental data from
such a small number of test samples are considered to be indicators
of the general level of magnitude of the parameters studied, but
not conclusive and final evidence of these parameters. Once the
general magnitude of the parameters investigated is knowm, an
accurate plan can be drawn up for future experiments to more
thoroughly evaluate and define the physical and mechanical pro-
perties of concrete under the external hydrostatic pressure of
seawater.

PHASE II - The testing to destruction of the spherical hull
models had as its objective a quantitative evaluation of the
relationship between the size and rigidity of the penetration
insert, and the critical pressure of the whole concrete hull as-
sembly under hydrostatic pressure. The concrete spherical hull
models with solid penetration inserts of different rigidity had
the same dimensions and were cast from the same mix as the models
without penetrations. Since it is known that the stress concen-
tration around a penetration in the hull is to a large degree
dependent on the size and on the mismatch batween the rigidity of
the penetration insert and that of the hull material, two sizes
of penetrations and thres types of insert materials were selected
that represented a2 wide range of rigidity properties. The two
selected sizes of model penetration inserts were coansidersd to
be representative of pesnetration insarts required for full size
spherical structure. The 32930' size insert simulated a penetra-
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tion in the hull required for man-sized hatches or windows, while
the 8° size insert simulated an electrical wiring or hydraulic
piping feed-through on an underwater hull structure of ten to

twenty feet in diameter with personnel transfer capability. The
most rigid inserts selected were made of steel, while the least
rigid inserts were made from polyvinyl chloride plastic; other
inserts used were made from aluminum. During the hydrostatic test-
ing to destruction of the insert-equipped models, strains were
measured around the inserts and compared to strains existing in

the same sphere away from the penetration inserts. In such a

manner some quantitative measure of the stress concentration factors
produced by inserts of different rigidities could be obtained. The
comparison of the critical pressures of insert equipped spherical
hulls with the critical pressures of identical hull without any :
penetrations would also be indicative of the effect that penetra-
tion inserts have on the overall streangth of the spherical concrete F
pressure hull,

PHASE III - The design, fabrication, and testing of the
spherical habitat model had as its objective proving the feasibil-
ity of concrete pressure hulls with usable windows, hatches, and
wire feed-throughs for 3500 foot depth service. This concrete
habitat model could be considered a typical example of first gener-
ation concrete habitats for ocean bottom location. The concrete
hull model dimensions, concrete mix composition, and method of
casting was selected to be the same as in the previous phases of
concrete spherical hull feasibility study.2 In this manner, the
critical pressure of the model with penetrations reinforced by !
flanges could be directly compared to the critical pressure of ;
models without penatrations. The difference between the critical i
pressure of the working model and of the concrete spheres without
penetrations would serve as a quantitative indicator of hull
strength decrease duz to use of the particular type of window,
hatch, and feed-through flange designs.

The pressure hull for the ocean bottom habitat was conceived
as a monocoque concrete sphere resting on an aluminum cradle
supported by three pad equipped less. Three large window assem-
blies placed around the circumference, and one located at the
bottom of the sphere would permit television or photographic ca-
meras to observe and record the behavior of ocean floor, hydrospace,
and its inhabitants. To make the habitat adaptable to different
missions, it could be selectively equipped with an array of spe-
cialized subassemblies, fitting into typical large window penetra-
tions. Such subassemblies, in the form of windows (Figure 8), a
glass observation dome (Figure 9), diver transfer chamber, vehicle
transfer hatch, or oceanographic instrument Cower would make the
basic concept of the concrete ocean bottom habitat adaptable to
an almost unlimited number of mission requirements. The only re-
quirement that would apply to all of them was that their mounting
plates fit the penetration opening, and that the plate bearing lip
matches the bearing lip on the penetration flange. In order to
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maintain the effect of the penetration flange rigidity constant,

all insert subassemblies that fit inside the penetration flanges
were designed to fit with a known clearance between the exterior
taper of the inmsert and the interior taper of the penetration
flange. The only point of contact between the penetration flange
and the insert subassembly was at the O-ring sealing surface located
on the penetration flange lip.

FABRICATION OF CONCRETE SPHERES

Concrete hemispheres were cast in a mold and subsequently
cemented together with an epoxy bonding agent. Depending on the
type of test, the exterior and interior surfaces were either left
untreated or coated with a waterproofing material. The concrete
mix used developed after 250 days a strength o£*10,000 to 11,000
psi as determinad by uniaxial compression testing of solid test
cylinders associated with spheres.

The treatment of the exterior surface depended upon the type
of test for which the given sphere was intended. For the perme-
ability tests, where the rate of water flow through concrete under
hydrostatic pressure was under investigation, the exterior surface
of the sphere was left untreated, the way it emerged from the
mold. For the strain determination tests, on the other hand,
where the prime objective of the test was to protect the electric
strain gages from seawater, the external surface of the spheres
was protected by a thin coat of epoxy resin.

HYDROSTATIC TESTING

INSTRUMENTATION - Two different types of instrumentation
were employed on the concrete spheres. The permeability experi-
ments required instrumentation designed to measure rate of per-
meability, while the short- and long-term stress invastigaticns
needed only strain measuring instruments.

Instrumentation for the determination of strains consisted
of electric resistance strain gages attached to the concrete sphere,
and an automatic strain switch and read-out unit. wo different
approaches were used to measure the rate of permeability through
concrete in the experimental spheres. One approach relied exclu-
sively on electronic transducers and read-out equipment, while the
other utilized only mechanical or hydraulic components. The elec-
tronic water detector, specially designed for this study, operated
on the principle that a rising water level in the sphere would
markedly change the resistance betwsen two separated rods placed
inside the sphere cavity. As the water rose in the sphere, it
would wet more and more of the two vertical rods, decreasing the
resistance between them. This voltage change could be amplified,
measured, and recorded to provide a resistance versus time record.
The other approach used in the measurement of permeability rate
consisted of tubing inserted into the sphere, through which accum-

ulated water in the sphere's interior could be ejected at desired
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time intervals.

TESTING PROCEDURE - The testing of the concrete spheres under
hydrostatic pressure was conducted in the pressure vessel of the
Deep Ocean Simulation Laboratory. The spheres were either placed in
a retaining cage prior to testing or were attached to end closure
(Figure 10) so that they would not float in the vessel and strike
the end closure when the vessel was filled with water. The vessel
was pressurized by air-operated, positive-displacement pumps that
raised the pressure inside the vessel at a predetermined rate
until implosion occurred. Pressure and temperature sensors located
inside the pressure vessel permitted recording of these two para-
meters on a strip chart recorder. Upon implosion of the concrete
spheres, manifesting itself by a loud noise, the end closure was
removed and the fragments of the concrete structure were inspected.
(Figure 11).

4

DISCUSSION OF TEST RESULTS

PHASE I

SHORT-TERM STRENGTH OF DRY CONCRETE SPHERES - The average
ultimate compressive strength of the concrete spheres under hydro-
static loading has been found to be approximately 487 higher than
for the 3 x 6-inch solid control cylinders tested under standard
conditions (Table 1).

Table 1. Implosion Pressure, Calculated Maximum Stress in
Dry Concrete Spheres; and Average Compressive
Strength of Test Cylinders Associated With These

Spheres.

Item Sphere 1 Sphere 2 | Sphere 3 |Sphere 8
Tmplosion pressure 3,100 psi | 3,050 psi 3,200 psi | 3,600 psi
Compressive stressl/ 14,080 psi (13,860 psi {14,540 psi 16,350 psi
on the interior of
the sphere
Compressive stresst/ (12,530 psi [12,330 psi [12,940 psi [14,550 psi
on the exterior of
the sphere
IAverage compressive 8,990 psi | 9,750 psi| 9,930 psi 11,200 psi
strength of 3x6-
inch dry test cylin-
ders under uniaxial
compression
1/ Stress calculated with Equation 1 (Figure 2)
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SHORT-TERM STRENGTH OF WET CONCRETE SPHERES - The average ulti-

mate compressive short-term strength of concrete spheres permeated
by, seawater has been found to be approximately 18% higher than the
compressive strength of identical dry concrete in 3 x 6-inch solid
test cylinders under uniaxial compression (Table 2).

Table 2. Implosiqn Pressure, Calculated Maximum Stress in
Wet Concrete Spheres and Average Compressive
Strength for the Dry Test Cylinders.

Item Sphere 5 Sphere 12 Average
Implosion pressure 2,850 psi 2,750 psi 2,800 psi
Compressive stresst/on 12,950 psi 124,500 psi 12,720 psi

the interior of the sphere

Compressive stressl/on 11,550 psi | 11,100 psi |11,320 psi
the exterior of the sphere

Average compressive 10,500 psi | 11,060 psi [10,780 psi
strength of 3 x 6-igch
dry test cylindersZ

Wetting period at 1,500 4 days 13 days
psi hydrostatic pressure

1/ Calculated stress with Equation 1 (Figure 2).
2/ Under uniaxial compression.

TIME DEPENDENT BUCKLING OF CONCRETE SPHERES - Long term pres-
surization of wet and dry concrete spheres has shown that wet con-
crete spheres are more susceptible to static fatigue than dry
concrete spheres loaded to the same fraction of their short-term
implosion pressure (Table 3).
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Table 3. Hydrostatic Pressure and Duration of Loading of Wet
and Dry Concrete Spheres in Static Fatigue Test; and

the Average Compressive Strength of the Correspond-
ing Dry Test Cylinders

Item 3 Sphere 11 Sphere 6 Sphere 8
Condition of concrete in wet wet dry
sphere
Hydrostatic pressure 2,000 psi 2,500 psi 3,000 psi
Percent of their short- 71.5% 89% 83.5%
term critical pressure )
Compressive stressl/on 9,089 psi 11,361 psi 13,633 psi
the interior of the sphere
Duration of loading prior 6 days 10 minutes 3 dayszf
to implosion
Average compressive 10,890 psi |10,610 psi | 11,200 psi
strength of 3 x 6-inch '
dry test cylinders

1/ Stress cdlculated with Equation 1 (Figure 2
2/ No implosion occurred during 3-day test.

PERMEABILITY OF CONCRETE SPHERES TO SEAWATER - The rate of
seawater seepage into sphers at 750 psi has been measured to be
approximately 2.5 milliliters per hour, while for a sphere pres-
surized to 1,500 psi the rate was approximately 5 milliliters per
hour. When the leakage rate is divided by_the surface area of
the sphere, it can be expressad as 6 x 107° milliliters per hour
per square inch of area par iach of thickness at 1500 psi hydro-
static pressure. In both cases the salinity of water siphoned
from the interior of the sphere was about 20% lower than the sal-
inity of the pressurization medium.

From this rather sparse data, it would appear that permeability
of concrete to seawater under high hydrostatic pressure is quite
low, and that som2 chemical or physical phenomena, which occurs in
the concrate, results in a decresase in the salinity of the water
that passes through the concrete sphere wall.

DEFORMATION OF CONCRETE SPHERES UNDER LONG-TERM LOADING - The
measured strains (Figures 12 and 13) showed that dry concrete on
the sphere's interior has a time-dependent strain rate, which is
very large immediately after load application, but which decreases
with time. That the time-dependent strain is a function of both
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the compressive stress level as well as time was showm by the differ-
ence of time-dependent strain rates measured on the exterior and
interior surfaces of the sphere. The interior surface of the sphere,
which was under a higher stress, showaed a considerably higher time-
dependent strain rate than the exterior of the sphere, which was
under a lesser stress.

The long-term hydrostatic loading was conducted for only 3 days,
and thus it is not known how much the time-dependent strain rate
decreases after loading duration of several months, or years. The
data generated indicates that even at the 6,700 foot depth level to
which the waterproofed concrete sphere was subjected, the time-
dependent strain rate of dry concrete decreased to 0.0l microinch/
inch/minute after 3 days. This would lead one to believe that at

* lower stress levels, corresponding to 3,500 foot operational depth,
time-dependent strain would not pose any serious gngineering prob-
lems for concrete spheres with a 0.0625 wall-thickness to diameter
ratio.

Upon depressurization, 2 time-dependent relaxation strain was
observed whose rate decreased to a very small value after only 3
days. The difference between the strain level at the beginning of
pressurization, and the strain after 3 days of relaxation at zero
pressure shows that a nonrecoverable deformation of concrete in the
sphere occurred.

TANGENT MODULUS OF ELASTICITY UNDER SHORT-TERM LOADING - The
tangent modulus of elasticity of concrete under short-term uniaxial
compression (2,100 psi/minute loading rate) was found to decrease
with increasing stress level. The axial strains on the exterior
surface of solid dry comcrete test cylinders under uniaxial com-
pression show that the average tangent modulus of elasticity for
concrete mix employed in the casting of spheres is 3.68 x 108 psi
in the 0 to 4,500 psi stress rangs, but decreases rapidly at higher
stress levels (Figure 14). What the magnitude of change is in the
tangent modulus of elasticity under biaxial or triaxial stresses,
‘as found in the sphere, is not known. The slope of the strain
curve for the interior of the spheres shows, however, positively
that a decrease in the tangent modulus of elasticity does take place.
This makes it necessary to treat E¢ in equation (1) as a variable,

~and not as a coastant. Sinca curves for E¢ of concrete under dif-
ferent biaxial and triaxial stress levels do not exist at the pre-
gent time, E; as determined under uniaxial compression must be used
{n the meantim2. Since Ep under uniaxial compression appears to be
larger than Et undar biaxial and triaxial stress combinations, use
of E¢ under uniaxial loading is a conservative assumption.

PHASE II =

EFFECT OF PENETRATION INSERT RIGIDITY ON CRITICAL PRESSURE OF
SPHERE - It was found that there is no significant difference be-
tween critical pressures of concrete hull models with solid pene-
tration inserts (Spheres ¥o. 15, 16, and 17) and model without
penetration (Spheres Yo. 18) as long as the rigidity of the insert
was equal to, or larger than, the rigidity of the concrete hull
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model. When the rigidity of the penetration insert was considerably
lower than the rigidity of concrete (0.5 x 106 psi for polyvinyl
chloride versus 3.65 x 106 for concrete) the sphere equipped with
such inserts (Sphere No. 17) imploded at a significantly lower
pressure than the sphere without penetrations (Table &).

Table 4. Implosion Pressures of Concrete Spheres With Solid
Penetration Inserts.
L Age of | Strength
phere | Type of Type of Implosion |Con- of
No. Inserts Test Pressure crete Concrete®
15 Solid Short term implo- | 3485 psi | 330 11,205 psi
steel sion test; 100 7 days
inserts psi/minute pres-
surization rate
16 Solid alu- |Short term implo- | 3400 psi | 335 11,165 psi
minum in- sion test; 100 days
serts psi/minute pres-
surization rate
17 Solid Short term implo- | 2675 psi | 330 11,150 psi
polyvinyl |sion test; 100 days
chloride psi/minute pres-
inserts surization rate
18 No in=- Short term implo- | 3375 psi | 320 11,480 psi
serts sion test; 100 days
psi/minute pres-
surization rate

* Strength of concrete was determined by subjecting 3 x 6 inch test

cylinders of the same mix and
sphere to compression testing
compressive strength shown is
loaded to destruction at 2100

age as the associated concrete
in an uniaxial test machine.
the average of 18 test cylinders
psi/minute rate. .

The

THE EFFECT OF PENETRATION INSERT RIGIDITY ON STRAINS AND
STRESSES IN THE SPHERE - The strains at the small penetrations in
the concrete were not significantly different from strains measured

at locations in the sphere away from penetrations.

The strains at

the large penetrations in the concrete, however, were significantly
higher than strains measured at locations inm the sphere away from
penetrations only

in the penetrations.

approximately 40 percent higher than the strains in the sa
not in close proximity to the penetrationms.

in the sphere No.

17 containing plastic inserts

The strains measured there one half of an inch
away from the edge of the penetration with a plastic insert were
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{nterior of the concrete hull away from penetrations are translated
into stresses, the measured stresses at locations remote from the
penetrations are found to be of the same magnitude as stresses de-
rived analytically for the interior of a thick sphere.
The strains on the interior surface of the solid inmserts varied
inversely with the modulus of elasticity of the particular insert

material (Figure 15).

Stresses, calculated on the basis of the

strains in insert materials, were higher than in concrete for materi-
als with modulus of elasticity higher than of concrete.
the stresses in inserts with modulus of elasticity less than of
concrete, were less than in concrete itself (Figure 16).

PHASE III
CRITICAL PRESSURE OF OPERATIONAL HABITAT MODELS - The critical

pressures of the two identical habitat modals were approximately

the same as of the concrete sphere with identical dimensions without

any penetrations (Table 5) even though one of the models was subject-

ed prior to destructive testing to its operational depth for 200

Conversely,

hours.
Table 5. Implosion Pressures of Ocean Bottom Habitat Models
Type Age of | Strength
Sphere | Type of of Implosion |[Con- [of Con-
No. Inserts Test Pressure crete |crete
13 Functional |Held at 1500 psi 3300 psi 350 10,840 psi
windows for 8 days, then days
nd pressurized to
Fatches implosion at 100
psi/min rate
14 unctional [Short term implo- [3300 psi [310 9,640 psi
indows sion test; 100 days
nd psi/minute pres-
atches surization rate
18 No Short term implo- | 3375 psi |320 11,480 psi
inserts sion test; 100 days
psi/minute pres- =
surization rate

STRAINS AND STRESSES IN HABITAT MODELS

- The strains and

stresses in the interior of the concrete habitat models were not
significantly different from those found in spheres with solid

steel (E = 27 x 109) or aluminum (E

10 x 108 psi) imserts, even

though the rigidity of the annular steel penetration flanges was
approximately the sam2 as of a rigid imsert with a 5 x 106 psi

modulus of elasticity.

The experimentally determined meridional

and equatorial stresses on the interior of the model were in the
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4400 to 4600 psi range at 1000 psi exterior pressure.
The time dependent strain rate of the model's interior under
3350 feet operational depth submersion (Figures 17 and 18) decreased
from 100 microinches/hour, one half hour after submersion to 0.15
microinches/hour after 200 hours of submersion at operational depth
indicating that only very little additional time dependent strain
would take place in the future if the model was left at operational
depth permanently. i
OPERATIONAL PERFORMANCE OF HABITAT MODELS - The operational
performance of the habitat models was successful. No leakage occur-
red through the four window assemblies, three wire feed-throughs,
| and the single instrumentation tower assembly. Inspection of the
penetration insert assembly components after implosion of the models
showed that no yielding took place in any of the components.

CONCLUSIONS N

Findings based on experimental data resulting from testing to
destruction of spherical concrete pressure hulls show that concrete
is a reliable material and that buoyant external pressure hulls with
a safety factor of two can be built from it on land that will per-
form successfully undersea at 3350 foot depth for at least one to
two week periods of time. Whether concrete hulls with a safety
factor of two will perform successfully at 3500 feet design depth
| for periods of time measured in years will have to be experimentally
established. Indications exist that they will be able to do so '
successfully,

In view of the fact that concrete is a very economical material
| whose composition is well known, and that construction techniques of
| large concrete shells on land are well developad, more emphasis
| should be placed by the U, S. Navy on utilization of this material
to permanent, or semi permanent ocean bottom installations in the

0 to 3500 foot depth range. 3
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The purpose of this project is to design an underwater habitat

to serve an oceanographic research team of 22 personnel working on

a submerged continental shelf at a depth of 600-800 feet. Six of
these people are aguanauts who will dwell in a portion of the habi-
tat designed for saturated pressure corresponding to the specified
depth. The remaining number of occupants will be the support person-
nel who exist in the habitat at a normal pressure. They will be
divided into two teams of eight and will operate on a twenty hour
work day. The research team will be replaced at various time inter-
vals of approximately sixty days by a new team from the land base,

The habitat complex is designed to be of a modular system that
will permit construction of a repetitive structure that can be "plug-
ged inte" the nucleus as need dictates. In this manner, the struc-
ture can be expanded or reduced at a later stage to meet new mission
requirements.

The saturated pressure is restricted to the diver area due to the
critical atmospheric control thet must be maintained., This environ-
ment is composed of approximately 80% Helium, 15% Nitrogen, and 5%
Oxygen. The helium in this mixture has many drawbacks that make
this saturated atmosphere very expensive and restrictive to permit
this mode of breathing throughout the habitat., Helium has an adverse
effect on the human vocal chords to the extent of raising the pitch
of the voice to an un-commnunicable level., Helium is also six times
as conductive as air, which would necessitate more thermal insulation
for the habitak. Moreover, a saturated pressure could restrict the
placement of the habitat 3t deeper depths in the future due to the

greater pressuras that must be tolerated by the human occupants,







A sphere represents the optimum shape for a pressure vessel for
underwater purposes. This is due primarily to the double curvature
of the shell which reduces the need for rib stiffeners such as is
required with a cylinder. A variable ballast placed within this
sphere would facilitate transportating, lowering, positioning, and
raising of the structure. By desizning the ballast within the
pressure shell, it would not be subjected to the hostile oceanic
environment or be in the way of fubture structural additions to the
habitat. The ballast is water which is placed in a reservoir at the
"bottom" of the sphere to stabilize the vessel in the ocean waters.

The advantages to using concrete as the pressure vessel are many.
Concrete is economical, easy to form into double curvature shells,
highly resistant to marine corrosion, and has a low heat and sound
conductivity, However, there are a few drawbacks to the use of con-
crete. These ars that it is somewhat permeable to seawater and has
a low tensile strength. An epoxy coating could eliminate the water
problem and proper engineering specifications would allow for possible
tensile loading of the structurs.

By investigating the various diameters and wall thicknesses of
concrete spheres, an optimum size can be calculated. Theoretically,
the spheres in the vicinity of 1L to 18 feet ocutside diameter with
a wall thickness of one to one and a half feet can be designed as
a neutrally buoyant structure., Larger spheres are expensive to con-
struct due to the required shell thiclkmess to maintain the proper
buoyancy. Smaller spheres do not allow enough interior space for
mission functions or proper surface area for hatchway connections.

The buoyancy tank within this vessel will provide approximately

15,000 pounds of water ballast., By using fresh water, the ballast







can serve a dual purpose as weight and for drinking purposes in a

closed re-usable system as controlled by a master ballast regulator,

A removable flooring is placed above the ballast tank, allowing
a clearance for mechanical systems. Connections of the mechanical
systems are performed beneath the floor assembly between spheres in
the steel mating cylinders. These cylinders are anchored into the
conerete shell to provide positive watertight connections between
various spheres,

The concrete spheres would be cast at a controlled shop area in
pe-usable forms. After the concrete had cured, the top half of the
outer form and the inside forming assembly could be removed. The
latter would be a break-apart system that would be taken out through
the formed hatchua?. The structure would be supported by the lower
outer casting form due to the possibility of a collapse in the shell
wall if it were placed on a horizontal bearing surface. The interior
would then be finished out with the various mechanical systems and
other internal facilities. The hatchways of the sphere would be
outfitted with the steecl mating unit as a integral of the formed
sphere. This cylindrical assembly would be then sealed shut with a
water and pressure resistant door.

The finished sphere is then launched from drydock as though it
were a ship. With the ballast tank empty, the sphere will be posi-
tively buoyant and float out of the lower form which is lowered into
the ocean, T?e lower casting form is then pulled back to the shop
area for construction of the next sphere. The sphere is towed to
the upper stazing vessesl which is located above the selected habitat

site.







This staging vessel would serve as a lowering and placement -
platform, a supply base, and a monitor of the habitat operations
below,

The steel footing assembly is attached to the sphere if it is
designated as a lower unit. The transfer unit then controls the
ballast tank of the sphere thru a line from the supply tanks located
on the staging vessel. The transfer unit then transports the sphere
to the ocean floor via four drive units traveling down the cable
assemblies. Once the sphere is positioned on bottom, the transfer
unit then returns to the surface far the next unit,

The first sphere is equipped with a universal footing that serves
four spheres. The cable assemblies are attached to an eyelet on the
footing for accurate positioning by the transfer unit. When a new
sphere is attached, its steel supporting unit is places on the exist-
ing unit and secured in position by a locking device.

The footing arrangement allows for an accurate positioning of the
steel mating asssmblies, When the second sphere is brought within
contact of the first, the mating assemblies are connected with a min-
imum outside securing. The entrapped water is pumped from within the
two mating assemblies, creating a pressure seal via the necprene
gasket between the units. An access hatch is opened from the existiné
sphere, enabling the occupant to step into the mating units and secure
them with a series of locking devices along the interior circumferencs
of the matine units, When this operation is complete, the pressure
resisting hatchways can be disassembled and transported back to the

surface for positioning on new spheres. Tne occupant can then make







the proper mechanical and electrical connections between the spheres
and move into the new sphere. This is the established procedure
for attaching new units.

The habitat arrangement for the initial research program shall be
constructed in two levels of twenty-seven spheres. By stacking the
vessels, footing assemblies can be reduced and transient time betwesn
points within the habitat can be lessened. A reinforced, semi-rigid
cup assembly of approximately six foot in diameter would be placed
between all spheres. This would distribute the loading of upper
spheres on the lower ones and provide a cushioning effect to any
movement that may occur between spheres throughout the total structure.
These cushions would also have embeddsd sensors in them that would
detect variable loéding weights of the upper spheres., This means
that if an upper sphere became positively or negatively buoyant, the
sensor would detect this condition through a wvariance from the initial
weight setting on the sensor when the vessel was first positioned.
This change would be reported to the main ballast regulator system
which would then translate this factor into an addition or reduction
in the water ballast of that particular sphere, Spheres on the lcwer
level would be monitored by similar sensors in the footing assemblies,

The diver portion of the habitat is on the lower level to facilitate
the entry and operations in the immediate area, These three spheres
are operated at a saturated pressure as supplied and monitored by the
support lab, ?etween these two areas is the decompression camplex
which enables transfer of nutrients, aid and work operations between
the habitat support personnel and the divers. The critical atmosphere
has dual monitoring by both areas to permit a backup check on the
system. The support 1lad is the prinecipal physical link and support to

these divers.,







Directly above these areas are the main laboratories. They are
located on the upper level to provide a better view over the divers
performing work and experiments in the immediate area. The command
sphere is placed on an axis with these labs and the primary circula-
tion route. This sphere contains the major control functions of the
habitat. An upper hatchway in this sphere is provided to mate up
with the pressurized transfer unit from the staging vessel above.
A1l items and personnel are brought through this entry to and from
the surface to permit logging of weight changes, distribution of
equipment, and supply or outgoing items., Gas tanks are taken to the
lower level by way of a small, open elevator platform located
directly outside of the command area. The gas cylinders are plugged
into the proper gas banks to replenish the expended gas tanks which
are taken to the surface by way of the same routing.

A1l bathing facilities are located in one sphere for the support
personnel, In this manner, more rigid control of the humidity and
water cycles can be maintained through a direct hook-up to the
mechanical sphere below. Hygiene areas are arrangsd into personal
compartments to provide for the possibility of womea occupanis using
the facilities at the same time as the men. The remaining upper level
contains the quarters for the support personnel. Two people are
assigned to each vessel for their duration of stay in the habitat.
Each sphere is equipped with private storage space, two bunks, con-
versation couches, a study area, and washing facilities, A pressure
door connect; each sphere to the primary circulation and mechanical
spheres, This door is kept closed at all times to insure safety to

the occupants in the event of a catastrophic failure someswhere in the







total habitat. In the event of this disaster, rescue divers could

save these individuals by removing the lqcking devices between the
spheres and blowing the ballast tank of the quarters to raise it to
the surface,

The mechanical and reactor spheres are located on the 1oﬁer level
directly off the vertical connector between levels. The equipment
contained in the mechanical sphere would be the air circulation
machinery, the gas scrubbers, the replenishable gas banks, the water
distilling units, and the master ballast regulator. Directly accessible
to the mechanical room is the reactor area which is sealed off by a
radiation-proof door.

The lower level also houses the cafeteria, which is designed as
a small galley area to prepare the meals for the support personnel
and the divers. The dining area will seat a maximum of ten people
or one shift of the personnel. The lounge is primarily a "wasted"
space in the habitat. It is used for recreation, reading, entertain-
ment, or group meetings. This sphere is to provide the kind of space
needed to break the closeness and monotony of the other vessels.

Both levels are designed with an open-ended circulaticn and
mechanical connector, The last "corridor" sphere is fitted with a
pressure hatch that can be utilized in future stages for additional

growth of the habitat complex.







RoFECTS OF COMCREIE SPHERES

A ,
IERE | SPHERE | HICKIS | WEIGHT | 1 SEA WATER. | BUOYANCY
ool PIAM. 2% reer POUNDS POUNPS POUNPS
1 17 5 | 12000 19¢,000 | +124,000
3 [2 .0 | 137,000 + 59000
; 5 15 [ 193000 ¢ 2500
|4 2.0 244 000 - 48000
17 G 5 | 64500| 165000 | +101,000
5 .0 |123000 + 42,000
14 5 | 171,000 _ 6,000
f 3 | 20 214000 - 49,000
G 15 5 57.000| 137,500 + 80,500
. 14 .0 | 106,400 + 31100
] 3 15 | 150,000 - 12,500
| 2 | 20 |186,000 - 48,500
5 4 5 49500 | 113,000 ¢ 64500
3 1.0 3 000 + 20,000
12 15 | 123,000 - 16,000
1 | 2.0 1G|,000 - 48 000
4 13 5 43500 | 92,000 + 48,500
12 .0 79,500 r 12,500
] | .5 111,000 - 19000
i 0 20 137000 - 45,000
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