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ABSTRACT
This document records the results of a company fundeq;-_researcb L3 wwaeaTAREN
———study to develop preliminary designs of superhard lau;ch facility

r closures near the limit of survivability and to develop closure

3?& . operating mecheanisms and methcds of handling debris.

& v
% Part I of the document presents a review of known closure and
%? debris handling methods and several concepts for furthexl develop-
g %;i zent. '
, g z Part II of the document presents & further definition of weapons
: ; é effects applicable in the range of interest and presents prelimi-
% ) E nary desigpns of closure sysvems which will survive the postulated
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Y 1.0 INTRODUCTION
1.1 Pur&e

The purpose of this document is to record the.results of a Company-funded

Technical Competency Research Study on sun)ivoble, superhord launch facilities, [t is

¢
]

intended that the document serve as an aid in simplifying the future design of critical

launch facility elements for superhard environments. The documen! wos prepared under

E
=
¥
.

1967 TRP 363 (Technical Research Program) "Superhard (Cold Launch) Missile Launch

- — -

Facilities".

1.2 Objectives and Scope of Stucy

N Semses aee s e

The primary objective of the research study was to develop preliminary

T

designs of silo closures, operating mechanisms, and methods of penetrating or removing

>

=

)

-4

<.
- | % debris. These designs were to be applicable to a 33 1/3X psi overpressure nuclear
ne ( ; !:3 environment. As a secondary measure it was intended to develop in-house design cap~
’ S ability to meet future weapon system demands, improve capability to respond fo cusiomer
g o.
X >
g % requests for superhard weapon systems in o competent and timely monner, and to increase
U .
L w our knowledge in the use of materials, equipment, and technology beyond the present
k| . state-of-the-ort,

in pursuit of these objectives, state-of-the=art closures ond debris~handling

mechanisms previously proposed for lower ovqrp}essure‘(e'nviojqnments were evaluated for

s extension to the 33 1/3X psi region. 'n addition, concepts were developed specifically

for this superhard environment, Conventional design methods and principles were reviewed
for applicability to the superhard design problem and in many instances these methods

‘ do not provide the degree of confidence necessary to insure the integrity of the completed
design. New and alternative methods of dosign which can overcome these mojor design prob-

lems are being explored and will be developed for future use.
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1.3 Document Organization

The document is organized to permit chronological reporting of research
results. The study plan which was followed is shown. The early literature search effort
is covered under "Review of Weapons Effects”, and "Design Considerations".

The "Evaluation of Known Closure and Debris~Handling Cencepts” Section
of this document summarizes o review of concepts proposed for hardness ranging from thot
of Minuteman B to a hardness 10 times that of Minuteman. The actual preliminary desi
effort is covered in Section 7,0, "Development of Superhard Concepts". This latter
sectior wwvars design requirements, the selection of preliminary concepts, and layouts
and functionci descriptions of selected concepts. The results of 1967 research are
covered in "Conclusions". A bibliogrophy of the most useful literature found during
the study is also included. »

NOTE: This document shall maintain the current state-of-the-art for

silo closures.
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%"" ! 2.0 Sunmary: (1967)

; The study corducted included a literature search of weapon effects and

I‘ a critical review of existing and proposed silo closure and debris hondling methods. From
: this baseline criteria was set up for the development of silo closure conceptual config-

r uraticns. These concepts are shown in section 7.0.

The closure and debris handling methods are independent of the launcher
structure and exposed to extreme overpressure levels (33 1/3X). It is unfortunate thot at
this point in time (December, 1967) the technical community is still undecided as to
: survivability limits for cavity type structures constructed in rock . There is promise such

o decision is forthcoming within a few months because of the urgency of implementing

a new hordened national weapon system. Survivability of such structures apparently

depends mostly on the anticipated rock stress at a given air overpressure level, and various

oY

authorities are in disagreement to such an extent that this rock stress could be predicted
\J

anywhere from levels equal to the air oveipressure, up to four times that amount. This

being the case, the region investigated in this study could well be outside the realm of

practicability because the launcher structures under the closures might not be survivable.

——
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3.0 STUDY PLAN

An over-all picture of the study plon developed early in the study is shown
on page 5. Research started with an orientation period, allowing each assigned engineer to
investigate nuclear weapon effects on hardened underground equipment, ana to research
design principles and practices which could be extended or adapted to apply to superhard
structures. Known closure and debris handling concepts were to be reviewed, the limitations
of each defined, ond the most promising concepts considered for futher design develozinent.
The actual design development work wos divided arbitrarity into three separate categories,

".eoch of which were to be assigned to an individual. Layouts, substantiating calculations,
"cnd functional descriptions of each feasible concept were to be produced. Cost comparisons
were to be performed for the most promising concepts. The entire study was then to be
summarized, documented and circulated for criticel review.

The plan was generally followed up to the point of selecting the promising
concepts. None of the concepts proposed at the schedule point w;re considered fruly
outstanding and all required additional study and definition. The remainder of the 1967
study effort was devoted to additional conceptual design work, the identification of problems
associated with these concepts, and the selection of three basic concepts for further develop~
ment. It is not considered worthwhile to ottempt a detailed evaluation and cost analysis
until such time as the free~field phenomena and its interaction with integrated structures

cun be more accurately predicted.
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4.0 REVIEY OF WEAPONS EFFECTS

Yeapons effects criteria considered in this study were derivad from

Referedces 1 througn 7. C(oasideratien was limited to a 20 megaton weapon em«

-

ployed against a facility deployed in competent rozk. The facility was assumed
tc bte the proper distance from ground zerc +o be sucjected to a 33 L3X psi peak
overpressure shock wave and the attendant thermal aad nuclear radiation and

seisiic activity.

e exteat to which wespons effects parameters were considered varied
from » cursory, quaiitative look %0 & quantitative analysis zepending on the
concept under s.udy and the levei of coanfidence in the available weapons effects
dats, Gengrally, since the amphasis was oa "conceptaai” rather than detailed
desiga, the qualitative approach was taken.

4.1

Weapons Effects Faraneters

The followirng discussicn of wespons effects parameters is nct iatended

to provide detailed data on weapoas effects. [ather, it is iatended to provide

the designer with a broad overview of the weapons effects problem so that he will

be petter equipred to perform the detailed research that is applicable to nis

particular problem. !

4,1.1 Peak Overpressure

This was considered to he the primary pesak overpressure wave gencrated
by & surface contact burst of a 20 megaton yield weapon. For purposes of tnis
study, distance from ground zero was such that the overpressure wave had
attenuated to 33 V/3X psi as the shock front passed over the center of the facility.
In all concepts where the facility closure 1s flugh with the ground level, dynamic

effects were ignored and 33 1/3X psi served as & basis for structural design

(configuration and mass) of the closure.
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4.1,2 Reflected Pressure

Reflected pressures result from impingement of the primary péak over-
pressure shock front against sny protruslion sbove the surrounding ground level
whether it be a protruding striceiize or changes in the terrain. The réfieéted‘\
_pressures thus generated are a function of t@e‘primaryﬂgeak overprezsure and the

angle of incidence witn which it impinges on the protruding medium. Depending

on the sngle of incidence, pressures far in excess of the primary overpressure

wave cun be developes. Reflected pressures many times the primary overpressure

£33

o2

(3

é% 4 wave csn result from impingement of & 33 1/3X peil primery shock front against a
2 flat plate surface at a face-on (zerc degree} incidence angle. The pressure-
Z4

2] X

;g Z time impilse from such a colliszion resalts in an almost incompreheasible

Iy

destructive force which can te shown capatle of accelersting tremendous messes

(millicns of pounds) to high velocities (100.- 150 feet per second). It becomes

AR
o~
"

obvious that any structare which is tn sarvive in the 33 1/3X psi region must he
designed to minimize or entirely avoid these dynamic effects. Accordingly, the

closure concepts in this study, witn the erception of the hard mountain concept,

USE FOR TYPLUwWkITTEN MATER?2AY

are for use in essentailly flat tervein and are eigher flush wita the grouad

level or are s:bmerged below it.

<P Ui T S T T e S \‘,\\\\.\w_
t 3 sl

4.1.3 Effects in Tunnels

Tunnel effects refer to the dynamic pressare phenomena oceurring whe-

an cverpressure snock wave intercepts an opening in th: ground sarface. Tness

Rt RN, A

effects are pertinent to this study because of the zubmerged closure and debdbris

RN T s

handling concepts Incladed in 3ections 6.0 and 7.0 of this document.

A detailed quuntitative analysis of these effects was not accomplished.

DR Aty

i Sufficlent contact was maintained with the Technical Staff however, to permit
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qualitative applicatica of gas dynamicc principles to sore of the conceptual designs
presented in Section T7.0.
Generally, an overpressure shock front traversing a flat ground surfacel
and interrepting & cylindrical hole in the ground, takes the form shown in the se-
quence depicted ip Figure 4-1, The shock front approaches the opening as in (a) and
starts to intercept the opening in (t). In (c) the shock front is traveling across
the opening end a portion of it has turned down in an effort to expand into the hole
It slams into the opposite side of the hole at point (x) {n (d) and a new shock
wave, or rather a segment of the primary wave, nas been formed within the hole and

propogates downward within it. Excluding dynamic effects and considering the hole

U3 48C2 1433 REV. 6 65 SHEET .




D
.

4

W

TOR wTuah 3 RH e awliPubenRReL s

TAte wib %

reraery

wm—

Tt T T

¢ Arhe R SOV AR A S

DXers Re Pmntary LTIRE g gt T

S thng g o FAATR et TR by Syt

T e P s o

ITTEN MATERIAL ONLY

USL FOR TYPEWR

PR . - -— s e

NUMBER D2-125499-1
11271 ’af’”a COVPANY REV LTR A

the primary shock front (approximately 20 - 30% of initial overpressure). Uader
v
these conditions the new shock wave «ill atienuate as it travele down the hole.
Dynamic effects cannct be igncred nuwever. Reflections from tae
primary shock wave at point (x) in Figure k-1 (2) will crease overpressure on the
lip of the cpeaning which is far is excess of the pr;ﬁary shock wave overpressure.
This phenotenon necessitates super-hardenisg of the lip of any uncovered eaccess
tn subnerged clousure structures. With a vettom in the hole as in L-1 (e},
reflections fros the reduced inte.sity shock wave can create overpressures at
point (y) whish may be more or less than the overpressure of the primary shock
front depending on the depth ana geometry cof the hole. Cenerally, it can be said
that for a smocth cylindrical hole wita & depth 3 - 5 hole diameters, the
reflected pressure at point (y) will approximate or exceed that of the primary
shock. At greater depths the dynamic effeots will tend to diminish.
There are several possibiiities for sttenuating the shock effects
associated with openings to suirerged structures. This fact tenuds to make sub-

¢
merged closurss attractive. BShoex diffusion, bharlles, increased hole diameter

below ground level, and multiple, expendaile closures with or without gas medium
changes are all possibilities for reduciig effective cverpresssures to below the
primary shock wave values. Dirfusion reduces shock effects in selected areas oy
turning o directing the shock front away from tne area of interest such as 8
primary closure. Increasing hcle dismeter below grade level effectively lacreases
the ares over which the shock front is dissipated. Baffles along the sides of the
opening or any othexr method of increesing surface roughuess of the walls of the
opening wiil tend to reduce the shock overpressure, Multiple, expeadavle, secon-

dary closures tend to dissipate the shock front in successive steps and chaunges

in gas meliwn result iu atienuation tarough changes in shock front propagation

to have infinite Gepth, the new shock wave is of :casiderably less intensity than-
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{*‘ characteristics. Utilizing one or a combination of these techniques may permit
design of effective 33 1/3X psi closures of® significantly less structural mass.

Some of these technigues are embodied in the concepts shown in Section 7.0.

ST e umtres

bal.b . Cratering
A 4
Crater scaling is not & significant factor in this study. At the
‘ : time this program wvas initiated the 33 1/3X pei environmeat under study was

defined as occuring outside the crater radius and the frecture zone surrounding}

it. This was true for most earth soil mediums and particularly true for the
rock medium under consideration. Aside from this it has been assumed that

currently projected technology will not rermit design for siructural susvivai

within the crater environment ¢y fracture zones. Accordingly, for purposrs
of this study, the facility is assumed to be located in the so-called "elastie"
region sufficiently far from ground zero that fracturing does not occur. As '

crater and fracture zone evaluation changes, the actual value asoribved io the .
33 1/3X psi baseline may bave to change accordingly. '

k.1l.5 . W

Seismic activity arises from two sources, i.e., directly coupled

USF FOR TYPEWKITTIN MATERISL ONL Y

ground shock resulting from contact detonation of the weapon, and air induced
3 ground shock resulting from the overpressure shock wave generated by the dlast. :

3 There 1s currently some uncertainty s to the relative contribution of these
two sources to the seismic environment. Depending on the coupling factors

: assumed, the direct-coupled ground shock may contribute more or less than the
air induced ground shock. Currently, the consensus appears to be thlt j4a the
33 1/3X psi range of & surface contact burst, stresses induced by the direct-
coupled shock source will exceed those of the air induced source, perhaps by

as wuch as two t0 five timen.
Seismic velocities of the rock mediums undsr cousideration are’

TRp—

in the range of 15,000 - 22,000 feet per second, The sir shook front velocity
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exceeds these values in the 33 13X psi region and "outrunning", i.e., having
the ground shock precede the air shock is not Zikely tc occur. The resulting
free {ileld shock spectrum incident on the facility is the time and lccation

dependént combination of these shock effects %Pd the air overpressure impulse.

Displacement in the rock medium consideration is somewhat
arbitrary depending on tae exact prcperties of the medium in question and its
integrity. Generally, vertical displacemente in the order of 2 to L feet
could be expected wi;h borizontal displaceuents somewhat less. Disp.acement
occurs witn very high acceieration.

Ob%icusly any detailed seismic analysis that did not include the ea-
tire facility would be ¢l little value. Accordingly this study has done little
more than recognize the monumental interface problems that exisgt between the
massive closure structure, the facility structure, and the rock medium. Basic-
ally it has locked ualy at the closurs interfz-e with the facility a.d assumed
that Interrace structure could be designed to support the conceptusl closure

design in the seisnic environment.

L.1.56 Thermal Effects

At distance f{rom ground zero at which 33 1,'3X psi overpressure occurs
the facility is well within the fireball and is subjected to extreme temperatures.
The initvial shock wave temperature approx.mstes 12,000° C at the 33 13X psi
level, Following the initial shock front the temperature incresses rapidly
(0.3 - 0.5 seconds) an order of magnitude or more then decays over the next
several seconds.

While the mass ol the closure structure will prevent significant
temperature rises within the facility, the tutal thermal flux is sufficient to
cause severe ablation of any exposed surfaces, structures or mechanisms.

Accordingly, the faciilty closures must be designed tc protect actuatiig devices
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ond oparating mechonisms and maintain structural integrity during and ofter the savére
dblation that is certain to occur to all exposed surfoces,

At close in distances to o nuclear burst the heating of materiuls cb,e,‘ to
absorption of radiation. both gamma and ne;fron, has been identi*ied as a major poten-
tial concem for hardened facilities. Data available suggest that exposed steel will
suffer inches of complete melting, and anpealing-for more thor; a foot of cdditional
depth due to only the nucleor radiation input. The further ablation due fo the thermal
radiont heating ond the dynamic air phenomena will be. in addition tc this nuclear
radiation although the presence of vaporized or molten-metal will reduce the radiont

heat transfer input.

4.1.7 Nuclear Radiation

In the 33 1/3X psi region under consideration, both gamma radiation ond -

neutron bombardment occur with considerabie intensity. Electronic equipment within’
the facility would be severely domaged by the prompt radiation dose delivered unless
adequate shielding is incorporated in the facility closure concept.

While the gamma radiation is usually controlied by any closure meeting
structural requirements neutron flux is.not. Conventional ;r\oterials such as steel or
lead, and in fact oll of the heavier elements ; are practically transparent to neutron
bombardment, Monumental quantities bf these materials would be required to reduce:
integrated neutron flux to an acceptable value,

Lighter elemants ure much more effective in slowing down und absorbing
fast neutrons. Water is quite effective because of the hydrogen it contains and of
course liquid hydrogen, helium, or in fact most of the lighter crlyogenic fiuids
would make more efficient shields., Of the more conventional materials, con=

crete or sond is effective if used in sufficiently large quontities.  For
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effective neutron attenuation, a combination of heavy and light elements for
moderating the nsutron flux along with hydrogen for capture of the particles Is
required. A combination concrete ung steel structure provides a cost effactive
means 10 satisly there requirements. Optimization requires a case analysis

and structural /nuclear trage~cff.

The concepts shown in Section 7.0 depend on concrete andror sand for
radiation shielding. While all of these designs are adequate from the staad-
point cof gamma radiation, some of them mas e marginal ia neutruu flax attenn-
ation. II so, these designs may be improved by an auaditional iayer of sand or
incorporation of additional steel or some type of exotic shielaiag material. It
is believed that aaditional research might be productive in discovering materials
or combinations whose progerties wouid be ;etter smited for comuined structural/
shielding applications.

For more detailed iuformation cn.radiation effects, refer to Reference
(2) and the sub-reference listed therein.

k.1.8 Ejecta Scaling

Crater ejecta and secondary debris from the shock front will resilt in
3 deposi@ion ot debris in the vicinity of the facility. Criteria for debris
handling purposes iz based on data from Reference (6). This refereuce indicates
a 90% confidence factor that debris levels will not exceed ten feet at the 33 1/3
X psi distance for a single, large wmegaton surface cortact burst., For our
study three bursts were assumed and a thirty {eet debLris depth was used as a
basis for all debrls hsndling concepts.

! Volume of debris to be handlcu was based on an inverted X degree conieal
frustum with a height of 30 feet sud with radii varyiag with the concept u-der

stuay. This results in a debris opénirr witn oebris walls slopiag 45 degrees
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from the launcﬁ tube opening to the top o the aebris layer.

Aside from the problexm of penetrating or otherwise handling a s§atic -
dedbris layer, the closure design must consider the dynanic factors related £o
crater ejects auring the biast. The necessity %o survive impacts with crate;
ejecua and’/or secondary debris during the blast woula plaéé extrere design
requirements on any abtove ground structures. - This is & maéor reason why all of
the concepts considered in Section 7.0 are either flush witﬁ the grouad surface

or submerged.

4,1.9 Time History of Weapons Effectis

Any closure structure within the 33 1,3X psi range of tae blastrwiil e

subjected to all of the weapons effects identiried stove. From tiue staddpoint
\ - .

of potential railure modes & generailized discassion or the time uistory associated

with these effects may be desirable. It is not intended to establish a detuilea
history for each paremeter, but rather {o discuss those eventc whose tiﬁing may
prove criticaisfrom the standpolint of nmaintalining the structura.l and opera: 'nal
integrity ot the facility.

Actually, since by definition the facility must withstand all of the
weapons sftects for three successive bursts, a discussion orf timing and failure
modes for & single burst 1s almost acaaemic, Regardlesz of the timing of weapone
eftfects, the tacility must be capabie c¢f sustalaing whatcver damage occurs with
the firat blast and survive to withstanl the accunnlative effects of Lhe second
and third bursts. Tine relationships, however, are best descrived with refereace
to a siagle turst.

The first effects to which the [acility is subj;cted is the intense,

prompt, muclear rediation dose and & rclatively low level of radiaat thermal

energy generated by the initial blast. Al this point 1) time the facility ie
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intact and structurally undamaged aud .f designed Yith proper shielding sho;ld
gurvive the radiant heat level present and the nuclear radiatica etfects. The
peak overpressure shock front is the pext thing that hits the facility. Since
"outrunning™ will not occur in the 33 1/3X psi region the air shock front will
precede the d%rect ground sheck wave by 8 small amount.

CGincjaent with arriQa; of tge air shock front the temperabure increases,
aluost as @ séep function, to the region of 12,000°3. and almost immediately
further ablation of exposed surfaces will begin to occur. Also, coincicdeat with
the air induced shock front érrival the facility vill ve subjected to a8 severe
gselsmic jolt from the air’ipduced grouhd shock. Juriag this time, temperature
is increasing rapidly and nuclear radiation has decreased $c a lower level
following the prompt radiation dose.

A8 the air ipduced ground shocx prokresses downward the direct ground
shock front arrivesrat the fecility and the resulting shock spectra for the
faciii%y is a complé;/time and location depeadext functiorn. Followin - this,
temperature and ablation rates increase t; & peak, nuciear radiation eoati..ues
at a relatively reduced level and debris activity becomes highe After reaching
a peak, temperature and avlatioa rate decrease and become ineffective over the
next few secouds. Debris will continue tc arrive at the facility and anuclear
radiation will continue at a reduced rate (compared to the prompt dose) after
other effects have subsided. Due to fallout, nuclear radiatior will coatinue
long arter debris activity has ceased.

While tne gbove deacription of what occurs with a glagle surface burst is
a very general approximation, certain coaclusions can be irawn from r1t. Amonag

these are:

a. The strongest radiation dose (the prompt dose) occurs tefore the
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( facility has bLeen subjected to overpressure, seismic disturbance or

thermal abletion. The facility is structurally undamaged azd
radiation shielding should be intact at this time except for thé
severe heating effects at the surface.

b. The facility closure is subjected to the peak overpressure air
gho x vave and dynanic pressure phenomens before maximum Lhermal
sblation has set in and slightly before seisnic activity fraa the
direct ground shock has started.

c. Although thermal ablation is occurring during seismic activity-the

major portion of ablation will occur after the seismic disturbance

o
3
2 begins §o subside.
é d. The closure, operating mechanism, and any abeve grouad superstructures
g must withstand horizontal debris impacts and the subsequent fallout
( \ é of debris while being subjected to the other effects.
% £, The closure and operating mechanisms -must withstand the uverpressure,
g radiation, devris, thermal and seismic environmer.ts and still be
> be capable of operating after alil ;ffects have subsided.
‘ The above conclusions are based on & single burst and would require fiurther
| consideration on the basis of tbe three succéssivé crcles required tv the study
criterla. The environment could be altered counsiderably i'or the secoad and
i third bursts simply by the debris leyer deposited by the Tirst burst. This
E debris layer could offer increased radiation protection, reduce thermal effecis
and reduce debris impact problems. It woull rot, however, significantly affect
air induced ground shock problems nor would it reduce vhe seismic activity
ﬂ x associsted with direct-coupled grouni shock which is potentially the most severe
!
g ( stress that the interface ietween the closure and facility may be required to
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withstond, In ony event the facility must handle the accumulative effects of the three
1  bursts ond remain opércble. . EE
Because of the lack of firm data on soil mechanics and dynomic coupling to

1 facility structure, the assumption connot be made that the closure and interface concephs
shown in Section 7.0 will survive the environments just described. Neither the theoretical |
bockground nor available field test data is adequate to establish confidence thot response - o

- ppd%’ctions;will opproach the exactness obtained by standard engineering design practices
for ;’uﬁct loads. Work in progress by Boeing and other investigators will provide increased
é . N

LN

) T copability forondysi§ and will be used for futire evaluation of concepts. R

{. " In addition to the severe effects above, the hardened site, with its

-

"extamal power and communication cables and the closure mechanism must be designed
’t‘o survive EMP (Electromagnetic Pulse) effects, caused by intense electric cm_! mognetic
* fislds from neorby bursts. At the 33 1/3X level, the continuous stael envelope formed

by the necessary structure provides the primory EMP shigld inherently,

GSE FOR TYPEWR|TTEN MATERIAL-ONLY
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5.0 DESIGN CONSIDERATIONS
5.1 Scope

-with a surface burst and such has been assumed for this study.

This section cor;cems itself with design mide;oﬁms os;ocioted with
Lounch Facility Closures and operating mechanisms ond their capability to survive ond
perform their intended functions in o nucleor:attack envirorment. Although the
main topic deals with launcher closures and the debris handling problem, the inter-
facing structure and equipment must be considered, at least on a secondary bosis.
In addition to the survival aspects of the problem, each closure must be capable of
t:-1ely actuation for maintenance operations, using a minimum of equipment, special
tools, skills and manpower.
5.2

Design Environment
Apart from the natural environment, the closure must withstond the
nuzlear weapons effects discussed in Section 4.0. Although the study is for a
so-culied 33 1 /5X psi environment, the complete spectrum of attack environment
must be considered in the analysis of any condidate design con:':ept. This is es-
pecially true in view of the controversy and uncertainty nflectgd in current liter-
ature regarding energy coupling, mechanical loading ond the free-field phenon;em
{velocity, accelaration and displacement) associated with the various weapon yields,
burst elevations and the rock or soi_l media involved.

The consensus appears to be that maximum destruction is associated
While higher
overpressures may possibly result from an air burst which would produce a mach
stem, the resulting decrease in direct coupled ground shock probably tends to
reduce the combined effects to below surface burst destruction levels, Similarly
while a penetration burst would result in increased direct coupled ground shock the
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5.2 Design Eavironment (Cont:inued)

decrease In air blast overpressure and the dynamic effe-ts associated with it
pay tend to equalize the combined destructive effects.to a level below that of,
a surface turst. This v&ew may charge as additioncl data becozes available.
Recent date derived from the “Piledriver ™ expeciments indicates that direct

coupled ground shock is consideratbly more severe than previously anticipated and

this agpect wlil be carefully watcied in future studies.

Existing d;ta shovs geﬁsral agreerment regarding overpressure effects
ffgm either ap air or surface burst and thes® effects are well documented. Air
induced ground effects for a particular medium are also adequalely described for
preliminary design estimates and direct coupled effects are available from both
analytical studies and test data from underground shots. The data applicable %o
at-surface free-field phenomenn however, is difficult to assess. Veloeity, dise
placement and acceleration relative to time,and permanent displaceumnent prodiced
ty the combined eftfects assume rather nebulous quantitative values whén the
possible variations in integrity, stratification and seismic cheracteristics of
the media involved and the phasing Eime history) of combined effecis are applied.
Existing literature does not describe such effects in'the detail necessary to
pernit accurate assegsment of mechanical coupling to integrated structures.

Perhaps a sophisticated description c¢f the total phenomena for all

cases is not practical for use because of the complexity and cost. Wwhen the
designer introduces structure(s) ir & free-rield media of varyiug density,
physical properties and quantity, such a sophisticated analysis must be repeated
for each case with the structure(s) included and the problem i3 compounded
fwrther. The totsl mechanlcal loading on the closure, depending on the design
corf'iguration, must be derived from some, and in many cases all, of the foliowing

factors:
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:5.2 "~ Design Enviromment (Continued)
Direct overpressure versus tiwe,
Reflectioa and refrection effects,
Dyaamic (wind) loading,
Fiying debris loaaing,
Loads introduced through proximity ad adjacent or
1nterracing‘§tructure,
Interaction vetween struct.ures, aad

Interaction between the slosure and surromdiang medis,.

Acditional requirenents for emergency power air breathizg pop-aps, vents, sump
discharges, antennas, waiatenance access shafis and clogure,and debris pits

may be imposed on the closure or adjaceat structure to aaé to the complexity of
the problem. In the end the anal; sis may be so complicated that the confidence
level of the analytical results is seriously degraded. The skeptica) designer
would then tena to overuesign and subsequently impose almost iatolerable require-
zents on the over-all structure,

The foregoing merely erphasizes that the design envivonment is not ade-
quately described by overpressure alone. The requirement to design for a specific
hardness, i.e., 33 1/3X psi, is ut best a hazy description of the enviro.ment for
design purposes. The location, depth and complexity Bf the facility structure,
together with the aforementioned variatio.s in euvironmeatal parameters all nave

a direct bearing on the complexity of analysis and the res:lting coafideqce in

andlytical results.

Fortunately, many requirements may be ignored ia the initial pure trade
studies of various closire configurations. As ghown in Jection t.0, various
concepts can be qualitatively compared on the basis of their ability to satisfy

toe primary functional and survivability requirsments. The mcst promising

cHpET 20
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Design Environment {Continued)

concepts can b2 selected for further development and prelimimary designs can be

evolved based om the dowinant enviroament factors. These caniidate.closure desigas §
. gén then be evaluated, on a cace by cuse bqus;hfbr th2ir capability to meet all
other 12quirements individually and finelly to withstand “be combined sccamulasive
effecss of the nucleer attack eavircoment. anlcally thtsdis the design approach
taken for this study. This appears to te the wost logical course o pursue until
such time as free-field phenomens and its interaction with integrated structures

be more accurately predicted.

$3 Materials and Structure Composition
With rtrength and cost as a main consideration, the prime material and

coapositioh candithes selected to date have heen: All steel (shaped;, re-inforced
\ jcon.rete vi;h steel outer skin (flatislab, arches and domes} and the all steel eggwgfv
crate structure vith or without concrete (or other material) filler, Other

materials such s high strenth aluminum and fiberglass have been considered on a

limited basis for high strength to welght ratio. High strength sblative materials

. e
USE FOR TYPEWRITTEN MATERIAL ONLY

{have been considered for the closure top surface., Designs atilizing ylelding or
crushable elements have not proven successful because¢ the period of positive phase

pressure i{s generally longer than the structure response, For a yielding design

to be successful, sufficient mass must be added to the 1id structure to slow the

]
resction time relative to the positive phase pulse,

Concretve
R

4
The s1lo structure will require judicious use of bulktype materials such

.

jas concrete to minimize cost. Hovever, ithat material msy not. be cspable of

resisting the loade sven with large quantities of reinforcing steel and with large

SHEETZ1

US 4002 1434 REY, 063

O i Ay o 4 3 s w e R




LSE FOR TYPEWRIT EN MATERIAL ONLY

e ey o — L T . 4

NUMBER D2-125499-1

- T —. REV LIR A

W aaianal

thickoesses. This mey be overcome by special design wherein the increase in
strength of confined concre’2 cen be utilized. For example; the use of composite
steel conercte construction design, (2.g., orthogonal grid and egg-crate consctruc-
tion, Ref. 2), using a selective aggregate strength and nigh strength ?teel to
sttain sftrengths greater than 5,000 to 7,000 psi. Littiec actuasl data on material
response under field dynamic loading of the designated magnitude is svailable.

Prestress

Techniques of prestressing in tension or in compression, depending cn
the cynanic stressing pattern the material will exhibit, mey be worthy of consid-
eration for composite structures. However, such initial stressing will likely be
capable of negating only o portion of the potential dynamic load due to the need
to prestress the material under static loads which s 2 lesser cor.ition.

Steel

Eigh strength structurzl sicel and the new maraging sieelswill allow
more flexibility in desigm; hovever, their use must be balanced with the radiation
shielding requirements where the zdditional mass of lower strengih steel may be
beneficial.

Plastics

The use of other lightweight high strength materials such as fiberglass
and filament structures can offer some advantages from a strength and actuation
pover standpoint. The compatibility with radiation shielding requirements will
limitv their usefulness and the cost and aveilability are serious disadvanti-
ages.,

A high dogree of success has beer avteined oy the use of boron filaments
in metals and plastics to increase their strengths. These have been jeveloped
primerily for missile nose cones, and for hypersbnic aircrait skins to increase

sirength to weight ratio, Their use merits consideration for hardened structure
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Plastics (Continued)
skin and/or components; however, their cost and availability will be serious draw-

backs for the forseeable future,

5k Design Approach
It is very difficult, within the present state-of-the-art, to propose a

"best” approaca to debr:is handling and closure desizn, In the absence of an ade-
quate description of the total free-ghield phenomena associated with the 33 1/3 X
psi regin, quantitative data on which to base a structural design is at best a
somevhat arbitrary estimate.

in addition, the structwral response of the silo and closure due to the
combined effects of the direet ground shock, the air induced ground shock, the air
overpressure can result in component loadings in excess of the maximum nominal
lozding. The phasing and structure r.cponse timing can amplify tae downward
loading far in excess of the 33 1/3 ¥ pei times the closure-cap aren and could
impose magnified upward and siieways loadings on locks, tie-downs or other compo-
wents. The necegsity for handiing debris may impose additional loads by exposure
of the closure to reflected, refracted and dynamic loadi:ng in addition to over-
pressure and ground effects., The over-all complexity of the dynamic overpressure
end seismic forces involved make it extremely difficult ® analyze each design
other than on a gqualitative basis. Quantitative data however, is essential to
the implementation of any design and in those cases where it is not available it
must be hypothesized.

Many past desigas are based on a 33 1/3 X psi static pressure ioad and
yield strength of the structural material(s). This supposedly results in a con-
servative design with an automatic vafety factor, expecially if the material poss-
esses sufficient ductility to absorb some of the peak impulse energy in the over-

pressure shock front.
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For the present exercise the designs shown in Section 7.0 were evolved
using essentially standard design practices for sta*ic loeds. The formulas and
techniques for sizing the closures are shown in the aprendix. In most caae; the
designs are based on the following design rhilosophy which is “elieved to be
consistent with the requirement for survival in the nuclear envirorment as it
18 interpreted for this.study.

The closute aid/or cap structure should be at Jeast flush with the grade
if not semi-buried or submerged in some manner. Since most of the launch facility
is likely to be buried, the cap and closure should not be subjected to a set of
forces which could be entirely different from the basic Tacilibty structure, The
51lo cap and closure should be as integrel with the silo structure as possible,
consistent with the requirement for launching a missile from the facility. A
simple symmetrical shape 18 desirable %0 avoid uneven loading and minimize surface
exposure to shock waves from any direction, The closure span should be a minimum
consistent with projected missile size and launch technique and the closure/cap
configuraticn should possess the best possible strength/weight ratio consistent
with structural requirements and the thermal and nuclear radiation enviromment.

Separate hardened access shafts should be avoided where possible.

Each exposed closure design usually includes sufficlent surface steel

or cther naterial to provide for thermal ablaticn from multiple bursts, Generally,

there is ample high densiiy material to attenuate gamma radiation to acceptable

levels, High densith materials alone, however, are relatively ineffeictive against

the high neutron flux expected at the 33 1,3 X level and each design must be
adjusted to incorporete the necessary additional shieldi;'zg for neutron flux reduc-
tion, Sufficient steel is normally included in the structure to reduce Xlectro-
maghitic Pulse (FMP) effects to acceptable levels., Silo penetrations such as

power lines vent openings, etc., st be examined individuslly for each detailed
dolig.
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as dysign practices associated wi-h past study programs have not been
significantly altered to date. Although inromtioxf i3 beconming increasingly
| available through cowputer analysis and sub scale and-lgboratory test programs,
this information has as yet provided only a scant increesse in the confidence level
of predicted results. With the increased effort being applied in this area howeve
it is expected that newer technigues will soon be evolwv:d, yielding increasingly

accurate predictions of des!zgn performence. Work is also underway to further

H define the ablative and Lhermal effects including anneeling of the surface steel,

and to define the magnitude of the tulk heating effe-ts due to radiation attenua-

tion. T™ese techniques will te included in the docuxent as they are developed.
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fdebris model which is ackmowledged as basically uncubstantiated but which representsj

S5 DEBRIS HANDLING

1¢ 15 assume? taat gfter three nuclear tursts the debris level will be

approximately 30 4t 35 feet. This assumed level is taken from a ~usrently accented

the order of magnitade of e expected level of debris and serves to 1llustrste the-
%roblems encountered, fhe debris levels anticipstec nging this debris model

A

are illustrated in Figare 5451, ]
To cowbat the debris problew for missile launch, many proposals have
boén saggested, Two fundamental methods evolved for handling high deiris levels
where the Minuteman method of scraping the detric zside berdmes imprectizal. These
are firsy, to penetruyte the ;ebris with a vertical rising merter an’ second, 1o
let the debris fall into a pit or other space provided Tor the purrose.
Fach method has varticular problems thet present difffcultias {n appli-
cation along with common problems of defining the composition, spatiel distritution,
and size distribution of the debris for a particular location,
The peaetraticn concepts are the mcst predictable once the gquuntity and
nature of the dabris is defined. The mos=t apparent jrotlems are the large forces
required and the complication of frasring where co?ditivns are right. Prelimiaary
estimates indicate a breakout force of ahbout 12 x 106 pounds for 30 feet of debris
vith a 30% incresse likely for a long term free-ing assumption. These forces, when
taken with u repld response Lime, result in extrémsly high though not impossible
power requireants,

The debris pit concepts havs numerous problems and are much more
sensitive to the debris model definition. For the assumed nebris level and a
ltypical advanced silo, the minimwus debris pit volume required is anprox.metely the
same as the silo volume, { 30,000 - 50,7" ‘e feet;, [he pit must survive the

Lblast effects the seme as the 8ilo and has s milar material requirements and
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structural problems ae the s3ilo. In sdditicn, the {atersction of two cevities in
a nighly stressed medium will decrease the confidence in survival.

These concepts are dependent on the eebrts deposition mechanism in
addition to the depth of debris because of the tendency of an open pit to receive
more than the nomiaal detris defined by a conical depression at the nartural angle
of repose of the bulk material.

The additional debris car zrise from two sources, The first is the
result of the horizontally moving debris being intercepied by the opening as it

"snowfence" effect or turtulence ia the air fiow

passes by, and the second 1s the
which gives the smaller debris particles a downward velocity componeat at the edge
of the opening. These effests can only be pustulated but the tendency for
depressions to fil! level with debris has been observed in tests.

The overfilling tendency cannot be estimated vith any confidence but
will resnlt in considerably increased volume requiresents a’ best,

A possible solution to the overfilling problem is to previde a covered
debris pit, either with separate closure or 'y utilizing the silo ~losure and
providing a secondary closure which diverts the debtris to the dcbris zit,

This system is complicated by the pozcibility of debris freering and
arching arross the opening if an ipward opening closure is used.

4 preferred method cannot be identified without traaiug the stractural
and cos* parameters as well as the integratica with the sil. and closure; however,
the penctratiin method has the big advantage of simpiicity (relative) of nnalysis

and a higher confidence level,
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£.0 EVALUATION OF KNOWN_ CLOSURE AXD DEBRIS-HANDLING CONCEPTS

The following configurations, (from a literature search), vere selected

from previously proposed closure and debris handling concepts. Although, they were

[ ]
originally proposed for lower overpressure and debris levels, the conceptual ideas

of each are worthy of a.mlysié and evaluation rorrsuperhfard application. -

Thus, two basic evaluation considemations are: .(1) The projected |
econorics of each concert in relation to its adaptability to superhard environments,
function and adventages and disadvanteges. (2 The debris handling methods of
each, -

Through the review process, it is possible to eliminate unaccepted conc‘e‘ptPA ‘
aad refine aspects of candidete configwrations. Finally, the relative merits,
advantages, and disadvantages of each concept can be combined to produce a composite}

design that would satisfy the nieds of the superhard requirements.

6.1 The many closure and debris handling concepts shown on the following
[pages are presented with cooments on the face of the drawings. Most of these show
ﬁa closure structure independent of the silo structure with various types of closure

'ﬁlctuator:.
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Closure
S 4 Oper Position
\
. .“.
ZG:Ot‘nd Li."-e

Silo

:

h)NCTIONAL DESCRIPTION: This closure lies flut ond flush wits. e surface except! for tte de~

ression on one side where +T must slide when opened. *li effectively seals the launch. tube agairis:
he nuclear environment and debris impacts during an attock. After ar cttuck the ciosure cor be
nlocked ord moved io one side, slicing its way inio the debris along rhe side ond carying wlai-
ver debris is on top with it,

ADVAN' AGES: The concept and mechanism is simpld. Dynamic overpressure buildup is minimize
Fe TTush concept. Maintenance access is simple, Power requirements for opening are moderat:

SADVANTAGES: Debris handling capakbility very limited. Excess debris would fall in launch

ube,

UMMARY: Limited detris handling capability makes this concept unsuitable for extension to super+

hard applications.

DEBRIS HANDLING REQUIREMENTS REQUIRE ADDITIONAL AND
SEPARATE MECHANISM OR PI*

LOCK/TIE-DOWN REQUIREMENTS ARE EXTENSIVE

NOTE: Corcep* is similar to existing Minuteman closure with. correspondiig greatest experience.

Reference source:

Minutemuan System
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HORIZONTAL RAMPED LID
OPEN ; v
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CLOSURE / .
X
”/ RAMP
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Figure 6.1-2

SiILO

6.1.2  FLUSH, HORIZONTAL, SINGLE

FUNCTIORAL DESCRIPTICM: The 1lid is completely flush with the ground surface,
having only the top exposed. On command the 1id lifts the accumulated debris up
the ramp and translates to clear the launcher opening, carrying some of the debris

| with 1t. It is an extension of the sliding 1id of Figure 6-1.

AW, ¢ Lid is completely flusi, having no exposed edges that can be loaded
by ¢ or reflected pressures. Will handle sqmevhat more debris than scheme

shosm in Pigure 6-1, which tends to plow under.

power supply. Large amounts of debris will spill into opening.

SUMMARY: Because of the mass required and the f.arge amount of debris at very high
overpressure. levels, this type of 1id and actuation system appear unattractive.

DISADVARTAGES: Actuating mechanism becomes complex and requires a large controlled

U3 4802 1433 REV, £/63 SHEET 3
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——S$ILO
4
1

|Figure 6.1-3

6.1.3 FLAT, SINGLE, HINGED CLOSURE

FUNCTIONAL DESCRIPTION: The 1id is a simple hinged cover which rotates about one

end, lifting and crowding accumulated debris to one side.

ADVANTAGES: It is simple, there are no exposed edges that can be loaded by dynamic

or reflected pressure, and is adaptable to modifications such as adding a following
debris shield.

DISADVANTAGES: The main disadvantage is the "crowding" action vhich tends to jam

the hinge on rotation. If circular, debris spillege is severe, ani the hinge mech-
anism complicated. Also, it requires a large power supply.

SUMMARY: Limited to fairly low debris levels, ani necessarily a function of the
11d length.

U 4502 1433 REV 665 SHEET 32
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/7 I d
LIFTING
MECHANISM

Figure 6.1-4

1 HOR

FUNCTICORAL DESCRIPTION: The lid is completely flush and similar ito that described
in Figure 6-2, except that the actuator lifts and translates rather than slides
the lid.

ADVANTAGES: It has somewhat better debris control in the lift and translate
sequence than Figure 6-2. It is completely flush, only exposed at the top.

DISADVANTAGES: The actuation mechanism is very complex and requires slots av the
surface which are quite vulnerable. Also requires large power source.

SUMMARY: This system is too complicated with its attendan: mechanical reliability
p??b!m at high overpressures.
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CLOSURE
OPEN
CLOSURE |
\/ CLOSURE
" POCKES

T Y

e

FUNCTIORAL DESCRIPTION: This circular 1id rotates and translates in an enlarged
ression.

ADVANTAGES: It provides some protection ageainst dymamic and reflected pressures.

n;mmm: It is vulnerable to debris preventing 1id actuation, unless the
pression Is covered, in vhich case it must be hardened.

SMARY: This concept feasible only at very low levels,

e
N
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\ Debris Shield
AL

Rva' l Actuator Sheft
v . 1 ('
| N

Annular
Debris Pit

Latch

Position

Bearing

FUNTI CRIPTION: This 1id is completely flush with the ground surface, and
alined. comsand a large cylinder pusihes che 1id up through the debris,
and then rotates the 1id and debris to clear the opening.

gmg: It has good debris control, and can pull a debris shield up with it
pre spillage from dropping into opening.

DISADVANTAGES: The actuator must be designed to take large bending loeds as a
mfh:ver, &8 vell as providing the thrust. A second mechanism must be sequenced
to start and stop the rotation. Requires a large power source,

2
( }- EI Closure in Clcsed
I
:
8
|

: This system or a modification, appears feasible to fairly high over-
F pressure levels,
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Figure 6,1-7

Annular
ebreis Pt

5,.1.7 FLUSH LIFT
BRIS PIT AND DEBRIS SHIELD
CTERDABLE DERRYIS quiw®lh
FUNCTIONAL DESCRIPTION: The closure is pushed up through the debris by a large
cylinder, which wlso rotates to clear the hole. The dubris shicld followc the

1id up.

ADVANTAGES: Addition of a recesged debris pit to Figure 6.|« ,improves the debris
huniling capubility by ingesting some of the debric.

DICADVANTAGES: The actuator must be desligned to take large bending loads as a
cantilever, as well as providing the thrust. A second mechanism must be sequenced
to start and octop the rotatlon, Requirec a large power source.

SUMMARY: 'This system or o modification, appears femsible to fairly high over-
preasure levels,
Refarence source:

C/5 2-51567-24
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Figure 6.1-8
6.1,8 FLEH. HORIZONTAL DOUBL: RAMPED CLOSUR.

FUNCTICRAL DESCRIPTION: This closure is z two plece 1il, flush with the ground

surface, The two haives actuate seguentisily to travel up the edge ramp and then
horizcnially out away from the opening.

ADVANTAGES: The weight of closure is reduced ty making two sections.
P——-w

DISADVANTAGES : is concept has poor debris control, and woull roquiré an irnner

or secondary protection for the missile since debris would drop as the two halves
separatc, The separation Joint is als> difficult to seal against all weepon effects.

ISUMMAZY: Not a good concept,
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- Closuie
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Ground Level

.
- e
——
o

Figure 6.1-$

5.1.9 FLust, HORIZONTAL, DOUBLE HINGED CLOSURE

FUNCTIONAL DESCRIPTION: The closure shown is & double leaf hinged 1id. One helf
actuates slightly in advance of the other. Debris is "crowied" usside.

ADVANTAGES: rower requirements can be met by two smailer sources as opposed to

one for the single 1id.

DITADVANTAGES: It has pour debris conirol, is weaker structurally than the single
1iu, and 15 difficult to seal. '

SUMMARY: Not a good concerpt.
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Figure 6.1-10

6,1,10 EXPOSED INCLINED SLID

FUNCTIONAL DESCRIPTION: Duiing o nuclear attack, debris falling on the ciosure is shed

down the slope, foward the Tower surface level. After i+ e ottack, the closue is unlocked and
forced to knife through the debris to the fully open positior. .

ADVANTAGES: Moderately fair debris cortrol depending on level of lower ground surface,
Good mainfenance acress. Simple reliakle action witt relativel, low power 1eguirements.,

DISADVAN{AGES: Closure exposed ‘o dynarmic pressure buildup. Large closure span because

of the TncTine. Closure track would require protection from -wclear environment. lncrease of
exposure io deoris irpacts. Missile emplacemer.t moy be difficul" . Rejuites separ ate mechanism
for closing closure after maintenance. Lock/Tie~dowr: requirement accentuated.

SUMMARY: 1his concept should be considered for extensiorn to superhard environment, particy=
TarTy For hard mouniai«

sites where natural slopes and lower surface level is sufficient to randle
anticipated debris {evels,

Referer e source:

D2-12542¢4-~1 (SRD)
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6.1.11

EMAN kM < A

ERY Lol tr et

FUNCTIONAL DESCRIPTION: During a nuclear attack, debris falling on the closure
is at least partiglly shed down the slope to the lower surface level. After the
attack, the closure is unlocked and forced to Open up through the remaining
debris, shoving it aside. ‘

2
ADVANTAGES: Fair debris control depending on level of lower ground surface.
SImple single hinged action should exhibit good reliability. Easy maintenance
access except for missile emplacement.

T T

DISADVANTAGES: Exposed to dynamic pressure buildup. Closure span increased
because of incline. Increased exposure to debris impacts. Requires more power
than Pig. 6-10 for opening. Missile emplacement may be difficult.

SUMNARY: Could be extended to superhard environment, although it exhibits no
advantage over the concept of Fig. 6-10.
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Reterence source:

D2-125426-1 (SRD)
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Figure 6.1-12

6.1.12  INCLINED, SINGLE RAMPED CLOSURE

FUNCTIONAL DESCRIPTION: ‘his concept shows an inclined closure which 1s flush
mounted having no exposed edges. The 1id is pushed laterally and translates
clear of the opening.

ADVANTAGES: It is flush with the surface, having no edges exposed. 'i‘he inelined
top surface will tend to shed debris. Debris control is fairly good.

DISADVANTAGES: The inclined top surface will be subgected to dynamic and
reflected pressurss. Missile emplacement and maintenance will be difficult
because of the slope.

SUMMARY: This has some potential for specific application in the medium and
lov ranges.
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' i - Closure Section

Closuie Open

Ground Level
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FUNCYIONAL DESCRIPTION: The closure consists of two inclined hinged parts. Both
leaves actuate simultaneously, hinging outward to clear the opening.

ADVANTAGES: Has good debris coutrol up to the amount of rise of the lids. The

"crowding' on opening is less severe than with the flat coacept as debris is
pushed downhilli.

DISADVARTAGES: The rise must be minizal to keep excessive dynamic and reflection
pregsures to 8 minimum. Sealing will be difficult at the peak.

SUMMARY: This concept limited to low ranges.
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Closure Section

Ground Level

Figure 6.1-14

6,1,14 INCLINED, QUAD HINGED, ORANOE PEEL CLOSURE '

FUNCTIONAL DESCRIPTION: The closure consists of four trianglar shaped leaves
vhich hinge about their base.

ADVANTAGES: The shape minimizes the dyramic and reflected pressures, and debris
is puaha awvay from center.

DISADVANTACES: Complex mechanism compromise reliability. Exposed to dynamic
pressure. Missile emplacement difficult. Power requirements for opening fairly
high. Difficult to seal.

SUMMARY: Could be extended to superbard applicaticus but its complexity, limited
debris handling capebility and exposure to dynamic pressure make 1t less
desirable than some ¢ther concepts.

e, by .
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Ground Level

Figure 6.1-15

6,1.15 INCLINED, DOUBLE RAMPED CLOSURE

FUNCTIONAL DESCRIPTION: The closure is composed of two leaves flush mounted at
the bottom and meeting at a peak In the center. Both leaves are actuated our-
ward, sliding away from the opening.

ADVANTAGES: The two leaves would re2uce the mass to be actuated.

DISADVANTAGES: The actuation becomes extremely complicated with these two
inclined lids reacting against each other. The reliability of such a closure
would be low. Also the inclired surfaces would be exposed to dynamic and
reflected pressure. Would ve difficult to service the launches.

SUMMARY: This is not a good concept.

U3 480 1433 REV 6 65 SHEET 44
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Ground Level

C.osure

Ope: Position

Debris Pit

Figure 6.1-16

6.1.16  SUBMERGED, INCLINLy SINGLE HINGED CLOSURS

FUNCTIONAL DESCRIPTION: A hardened debris pit provides a space for the lid to
push the debris into as the 1lid swings open sbout a hinge st the lower eand.

ADVANTAGES: It is a simple concept, avoiding dynamic pressure effecis, and
providing for moving any debris remaining on the 1id to a cavity,

DISADVANTAGES: The debris pit nust be large and the lid must vbe dowa fairly
deep to accomodate the 1id swing. Some crowding at the hinge will occur.

SUMMARY: This concept requires more space and power than that shown on Fig. 6-17,
but may te possible to extend to superhard concepts.

Reference souice:

D2-125426-1 (SRD)

U3 4802 1423 REV & &3 SHEET 45

TEOR

o ARG AN SRR Pl S SR AR

B
H




p—

NUMBER D2-125499-1
e MPIEINES oo REV LR A

A

2

.- Ground Level
(& L §
&
Closure
Open Position
Debris Pit
Figare 6.1-17
6.1,17 SUBMER GED, INCLINED SLIDING CLOSURE WITH DEBRIS PIT
. FUNCTIONAL DESCRIPTION: During & nuclear attack, debris falling on the closure
( W . 8l1des into the debris pit. After the attack, the closure can be unlocked and

iopened by either an actuator or gravity.

ADVARMGES: Pover requirements for opening are low. Maintenance access is

relatively simple. Reliable single action. No lifting or rotating. Improved
raliation protection. Good debris'control.

DISADVANTAGES: The debris pit must be hardened to prevent collapse during
several nuclear bursts. Closure span is larger because of the slope. Cliosure
rails must be protected against nuclear environment. The debris pit and the

closure may be exposed.to higher pressures due to dynamic effects from over-
pressure shock wave,

USE FOR DRAWING AND HANDPRINTING -— NO TYPEWRITTEN MATERIAL

BUMMARY: Poseible to extend this concept for superhard applications.

Reference source:

C/S 2-5167-24
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NUMBER Dz-125499.1
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Ground
Water Level Level

to
Reservoir

Figure ¢.1-18
},18 FLIP L1D CLOSURE WITH WATER RADIATION SHIELD AND VOLUME EXPANSION

FUNCTIONAL DESCRIPTION: The entire closure and the neck of the launcher are
immersed in a pool of liquid. The liquid volume provides space for the debris
to fall and provides radiation attenuation as well as a level top surface. The
lid hinges snd dumps any remaining debris, after the liquid is dumped to a
reservoir underground.

ADVARTAGES: Provides flush surface, space tor debris, and radiation protection.

DISADVANTAGES: Requires deep liquid pool for multiple blasts, requires large
underground reservoir and valve, Pool must be survivable for multiple blasts.

SUMARY: This is a fairly credible concept for one blast.

1]
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FUNCTIONAL DESCRIPTION:

ADVANTAGES :
away from the 1id, and power to open

DISADVANTAGES :
than s flat full section.

SUMMARY :

ground opening into the closure halves is shed into the debris pits.
attack, the closure halves are unlocked and allowed to slide (with power or by
gravity) intoc the debris pits thereby opening the launch tuves.

Figure 6.,1-19

$.1.19 SUBMBRGED, INCLINED, DUAL-SLIDING CLOSURE WITH OERRIS PIT

During a nuclear attack, dedbris falling through the

After the

Closures are protected from dynamic effects, debris is funneled

can be quite small,

Split lids are difficult to seal, and the peak is more volaerable
The debris pits must be survivable.
not as good for two parts as for one.

Reliability is

Not as credible as the single lid with a pit, but a possibility.

Reference wurce:

D2-125426-1 (SRD)
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Ground Level

Debris Pit
Lid
Closure
Halves

Figure 6.1-20

6.1.20 SUBMERGED, INCLINED, DOUBLE HINGED CLOSURE WITH DEBRIS PIT

FUNCTIONAL DESCRIFPTION: The closure consists of a double hinged 1id, with the
center meeting at a peak, and the lid submerged below the surface in a double
debris pit. The two leaves hinge away from the opening.

ADVANTAGES: Debris will shed off the inclined 1id halves and be diverted into
two debris pits. The 1id is protected from dynamic pressures and shielded some-
vhat from radiation and thermal effects. Power requirements should be moderate.

DISADVANTAGES: It is difficult to seal the center joint, especially when peaked.

Reliability is somewhat degraded by two actuators, and two debris pits must
survive.

SUMMARY: This concept or modifications may have some possibility of application
in the superhard range.
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Primory Closure

S _condary Closc)'é

b‘ -}
: ( y
: Ground Debris Pit _
b Lire
: /.__Missﬁe _C;on{a;iner 1
Access N .
Shaft o Shock Isolation -
] » System
15 Foot Dic __/ Exhaust Deflector
Silo ‘
Silo Walf: 1/2" Steel - o= ) .
Plite with afc;:»_/ Equipment Room
Anciors & Gro » o e -

FIGURE &.1-21

,
o~

6.1.21 MULTIPLE CLOSURE CONCEPT/ANCLINED SECONDARY CLOSURE

FUNCTIONAL DESCRIPTION: After ie nrclear attack the closure is covered wit. Jeids Upon
commznd the primary closure is opened and Yhe debris falls into the silo  The secor .- ziosure
deflects the large debris particles to the dcoris pit and the small debris particles to the sils shaft
deflected by the missile container,

USE FOR TYPEWRITTEN MATERIAL ONLY

)
"

ADVANTAGES: Primarr lid is flush, with ground surfece. No expose | edges to dynumic or re~
flected pressure  Excellent debris control.

DISADVANTAGES: fhe seauenticl operstion of three (3) closures. Missile must be stored in a
contoiner.

SUMMARY: Could be developed for superhard applications.

. Reference source: Memo: C. M, Gordaer
( ' to R, S, Yoserh March 23, 1967

SHEET ,
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! NUMBER  DZ-125499-1
e BEING . ... PEV IR A
Primory 2
“Closure i
L
1"
|
. Clospre [

! “RéYainer Ring

Plan-of Secondary Closure

-

Secondary,

Debris Pit .
(Sand: &Gravel
Fall Areu)

Missile Container
and Debris™

Lid Actuator

Drop~-in
Closure
Action

Secondary
Closure

Deflector GratT
(Grizzley)

Debris Pit
Large Roc

Deflecior
X
Actuators
SECTION OF SILO
Plar, Figure 6.1-21 (continued)
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NiJMBER  D2-125499-1
i MIDEING . ... RV R A

MR, AR T——

Primory Closure Secondary Closure

N

_Annular Debris Pi:

Goun/

iLine

Access Shoft——/
15" Foot Dia _____/

Siio

Shock Isoloiion
System

Missile Container

Exhaust Deflecior

Equipment Room

A

Silo Wall: 1/2" Steel
Plote with Rock
Anchors & Grout

FIGURE ¢,1-22

6.1.22 MULTIPLE CLOSURE CONCEPT/MHOR'ZONTAL SECONDARY CLOSURE

FUNC™IONAL DESCRIPTION: Same as 6.1.21 - except primary closure slides on tracks hor=
izortall, *c open o d a larger debris pit is provided.

ADVANTAGES: Ssne as 6,1.21,

OISADVAN .ACES: Same as 6.1 21, '

SUMMAR': A modification of this system appears feasivie fo: superhard ervironment,
4

Reference source: Memo: G.M, Gardner
to R.S. Yoseph, March 23, 1967
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E s Figure 6.1-22 {continued)
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- Ground
— urface

e e e o e~

Rocket Motor
(30 x 10371 or
equivalent)

Shock Isolator

Closure Hold
Down

Silc

F.gure 6.1-23
1.23 BURIED FLYQUT CLOSURE

FUNCTIONAL DESCRIPTION: After the nuclear attack, the rocket motors are ignited,

the closure hold down 1s released and motor thrust shears the retaining pins
forcing the closure upward through the debris. BOth motor ethaust and remaining

debris ave deflected around the launch tube by the debris deflector which later
opensa for ‘isunch.

AVANTAGES: Low electrical power requirements. Reliable positive action.
Simple sealing. Good radiation and thermal protection. Freedom fyom dynamic

pressure and debris impacts.

DISADVANTAGES: Poor palntenance access. Complex and costly rocket motor
srrangemen, Missile emplacement difficult. '

SUMMARY: Could be develéped for superhard applications.

Reference source: .

Coordination Sheet No. 2-5167=19
v 8 1967
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- ann wams —

Debris
Dispcise
Pattern

— Ground
Line

Closure Lid

N

Figure 6.1-24

_6.1.24 EXPLOSIVE DEBRIS REMOVAL CONCEPT WiTH 1.2, 3 FIRING SEQUENCH

FUNCTIONAL DESCRIPTION: This concept shows a debris removal systerm which can be
applied to any method of actuating the lid. Shoped charges, protested in the lid during the
attack, are fired sequentially to break up and disperse the delbris on and around the closure

ADVANTAGES: Actuation of the lid con take place in a delris free environment

DISADVANTAGES: It is improbable that the churres con he protected sufficiently during a
nuctear blast, and fhen be exposed ar.d actuated when desiied  with good reliability.

SUMMAR®Y:

Not a practical applicalion ar the ligh range.
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Silo Lid Closure

Debris Disperse

Pattern Ground Level

- VRO T T TR TR, T, s T T T -w'-vmm-,vr SR TR

Annular
Clusure Actuator Debris Pit

Not Shown

A

Y
Figure 6.1-25

6.1.25 EXPLOSIVE DEBRIS REMOVAL CONCEPT WITH 1, 2 FIRING SEQUENCE AND DEBRIS
m—-——m—w

T
FUNCTIONAL DESCRIPTION: Same as shown on Fig.6,1-24 except space for the detgxl'is
is provided.

(I

ADVANTAGES: Ssue as Fig. 6.1-24,

DISADVANT/GES: Same as Fig.6.1-24 with the additional problems because it is
not flush.

SUMMARY: Same as Fig. 6.1-24.
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Actusting ___

Mechanism I

r
ol

[ X J

Cable or
Chain J

All scraper mechaaisms to
be stowed below grade in
& hardened condition and
covered with protective

Scrapers stowed

Position . \ ' material

m A mechanical scraping system is installed over a flush
s 80 r ack it can be pulled across the 1id by & cable and drum
gystem located in a bardened vault. Cable is protected in slots.

w The 1id caa be actuated in a debris free environment.

: The system must be hardened itself so that it can survive. All
e cal parts must be anchored down during surface erosion.

w Not & good concept except at very low ranges.
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6.2 Additional Concepts ond Variations

The foilowing is a discussion of notes und poir.ts as to the advantages and disod-

vantages of different geometrical shapes and support media for silo closure lids:

Shaped Doors (Domes Aiches, etc. vs, Flat Slabs,

This type of structure provides:
Increased strength to weight catio;
No appreciable vertical depth increase;
Requires debris pif, debris removel, or accommodations foi debris within the

silo structure.

2 i
-3
& Ductile (Yieldable) vs. Elastic Design
o
S No successful ductife design has beer proposed for the closure alone. Most duct=
w
E ile designs involve the total structure. However, some success hos been demonstrated in provid- ;
=
E ing a crushable base or yieldable structure under the cap or incorporated in the silo wail. It is E
Lod 4
§ possible fo introduce sufficient mass in the cap and closuie ond select a crushing element s?rengthr
2 to essentially cut the footing pressure in half for o reasonakle cap stroke or disolacement (2-7 3
fe et for three attacks). Mass is critical because the overpressuie positive pulse is long compaed 3
with surface structure yield time. Sufficient mass must be cdded above the yieldable element to
reduce the peak overpressure effects and/or reduce the wave velocity thiough the structure;
Concept offers considerabie protection for remaining silo structure;
This design would handle initial free-field upwaid displacements; 3

Structure would have to be restrained hotizontally to prevent excessive sideways
di splacement;
Requires complete knowledge of surface effects -elative to time, properties of

medio and structural materials  and extensive analysis.
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Buried or Semi-buried.Lid Concepis

Some attenuation with depth is expected;

Provides additional protection irom flyiny debris (ejecio);

Requires additional excavation per depth of burial;

Increases maintenance problems and costs;

Provides additional thermal and radiation protection;’

Increases final debits depth with increose in lid operating requirements;

Relocates hordened stiucture away from surface effects (ioading may be more uni-

form and predictable).

Integral and Symmetrical Concepts vs. Sepcrate Lid Design

Loading the same from any diiection;

Analysis not dependent on direction;

Compatible with launchable lid or silo extension concepts;
Simplifies lid tie downs/locks;

Compatible with cold launch in=silo debris swallowing concer';
Requires crane(s) for lid removal for maintenance;

Comoatible with lid fly-out concepts and lid tethering concept;

Due to undefined negotive loading and phasing of ditectional loading on integral

design is more appealing than a separate cop.

Above Ground Shaped Lids and Silo Caps

Some designs supposedly 1emoin above any debiis level an< automatically shed the

Above ground lid concepts are subjected to overpiessure, reflected, 1efracted and

dynamic loading whicn can be calculoted according to niesen' dato;

The combinarion of above ground and below ground launch facility subjects the

interface (giound/air) to severe berding along witn otiier loadings.

SHEET =0
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R ) 7.0 DEVELOPMENT OF SUPERHARD CONCEPTS
1 ( ' The configurations on the following poges were evolved from the proposals showr

in section 6.0 of this document. The Baseline Criteria used is that which is outlined in section

i 7.1 below.

: 71 BASELINE CRITERIA

g ' a. Overpressure level ot the ground surface of the launch facility is 33 1/3X
: psi. a

T

b. The launch facility will be sited in competent rock.

c. The closure shall be designed to be opened within one minute, except that

sai

up to 15 minutes shall be permitted for maintenance purposes.

d. The silo opening shal!l be 15 feet in diometer,
e. The survivel period shali be fwo months.
f. The debris level to b considered sholl be ten feet per burst, for a total

accumulation of thirty feet of debris.

7.2 PRELIMINARY 33 1/3X PRELIMINARY CONFIGURATIONS

The following concepts are an outgrowth of section 6.0 of this document. It

USE FOR TYPEWR'TTEN MATFRIAL ONLY

shows an attempt to opply new configurations to superhard applications.

Each concept is evaluated and described on the face of the drawings.

It should be understoed that no concept is in its ultimote geometrical form and
that oll configurations could be improved, subject to a more detailed study.
7.2,1 FIGURE 7,2~1 SPLIT SLAB CLOSURE

The split slab construction has three layers, each composed of concentric rings
of high density concrete incased by steel. Centered over each of two outside half-lid tracks
or e two gas-operated actuators which on command separate the lid halves. The half-lid tracks
LL serve only to guide the lid's movement, not to bear the lid's weight. The annular debris pit

surrounding the silo and lid collects all debris that is shed from the lid's sloping top,

SHEET 60
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Th . lid can be ;ronsported to the launch site os six separate layer halves.
Splitting the closure lid offers several advantages:

- no adjacent cove is needed to harbor the lid in open position,

= half-lid tracks protected by lid require less hardening,

- actuator force is 50% of that required to move the entire lid horizontally.
Limitations of Figure 7.2~-1 include:

- superhord lip necessary,

= superhard seal requirement,

= silo wall's exposure to blost wave.,

7.2.2 FIGURE 7,2-2 SPLIT DOME CLOSURE

The split dome lid has two actuators which on command slide the two half-lids
on rails. All debris slides from the domed lid into an annular debris pit which is sloped 30°.
Thus, the shock traveling down the debris pit is diverted away from the silo walls and expends
its large reflection overpressure on rock 20 to 30 ft. away from the silo.

The superhardened lip is simpl'y a concrete donut strengthened with steei bar.
The steel liner is thicker near the hole opening and wrans around the concrete donut,

The dame closure is placed 10 - 15 ft, below ground level sc that: a. The hole
opening can be "necked" by severol féet, b. The asymmetrical drag pressure ond reflected
pressure felt by on object protruding above ground will be eliminated, and thus: c. A nearly
symmetrical overpressure is felt by the dome.

A domed closure appears to offer three distinct advantages:

- weight savings
- transpor tation ease
- efficient structural use,

Basically, the dome closure is a thin steel hemisphere oround which ore two con-

centric hemispheres each built of rings of concrete incased by steel. Each ring or half ring can

be tronsported separately to the launch facility site, thus demonding o corrier capable of trans-

SHEET &)
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porting only 10 - 15% of totol lid weight.
At‘the site the rings are stacked one upon another beginning with the ring of

lasgest diometer. When comstructed this dome offers a closure which is very resistant to over-

pressure, especiolly a symmetrical loading. In this situarion the primory loading felt by each

ring is o uniform compressive foading. The interface between any two rings lies along o radiug

of the dome. Thus, the gréohr the overpressure the harder the structurol rings bind together to
beor the load in compression. Bacouse of this compressive binding, fractures or cracks in o
ring due to debris penetration or fo structural failure should not be as critical as ina silo struc=
ture. Also, multiple rings and multiple dome layers promise a high struetural reliability.

For a split dome the outer ring~halves overlap like interlacing fingers to bear
th e meridional loads.  The overpressure on ithe dome sides squeezes fbc dome halves together.

An inferesting possibility in beyond-stateof-the-ort materials is the use of
Chemcor or Herculite il glom rings incosed in a polymeric codting. Used in deep submergeable
spheres, these materials show a compressive yield stress of .8<1 .25x108 psi.

The polymeric coating protects ogainst surface scratches which lead to brittle

fracture and allows the glass to bear tremendous compressive loads. Glass, besides supplying a

light weight lid, could prove satisfactory as a radiation shield.
Some limitations of Figure 7,22 are:
- superhord lip necessary
~ superhard seal requirement
- dome loading uncertainty due fo variable shock azimuth, .

7.2.3 FIGURE 7.2-3 BURIED DOME CLOSURE

At the time of construction the domed lid is buried under 20 - 30 ft.of sond or

re movable sand bags. Surrounding the lid in o complete circle is an explosively-loaded, ex~
pendable arch which on command is obliterated, allowing the sand plus 30 ft. of blast debris to
fall inte @ 30° inclined annular debris pit. Four gas actuators push the dome half-lids up and
over the rounded re:sion ring, leaving the silo open for launch,

SHEET 62
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Directed explosivus in the expendable arch and explosive rope breok up the
sand and debris that may have hardened due to oyerpressure, ablation, time or a combustion
th ereof .

An outsid. power source is required to close the lid. This could be a truck
portable block and tockie attached to the half-lid top and through the neck of the hole opening.

A bruied closure offers a number of advantages:

- The effective mass of the closure is greatly increased by the 20 ~ 30 fi,
of burial sand. Thus, a less massive lid is required.

= The burial material provides radiation and ablation protection for the
launch facility,

- Rigidity of the hole walls is increased.

= The filled hole prevents an overpressure shock from traveling down the
hole un-attenuated. ,

= Burial makes enemy detection difficult.

Limitations of Figure 7.2-3 include:
- Greater hole depth required,
= Uncertainty of explosives,

- Removoal of burial materiol for maintenonce.

7.2.4 FIGURE 7.2-4 BURIED HARD MOUNTAIN CLOSURE

This hard mountain buried closure functions similarly to Configuration 111, Upon}
command the explosive orch is obliterated allowing the 20 ~ 50 &, of burial sand any any hili~
side debris to fall into the debris pit. Three actuators withdraw a hinged lid stop allowing the
lid, guided by two tracks, to fall into the pit leaving the silo clear for launch,

The lid is constructed of two layers which are made of parallel loid steel I-beam}.
The lid must be strengthened locally in the area that serves os a support for one base of the ex-
plosive arch. An oulside power source, such as a block and tackle device, is required to close

the lid; however. hole depth and mountain slope could be complications,
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The advantages of a buried hard mountain closure are the same as those listed
for Figure 7.2-3. Disadvantoges include: ‘ '
- Possitle hardening of burial material,
- Removal of buriol material for maintenance,

- Construction of a very large debris pit.
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i ( FICURES 7.2-5A AND 7.2-58 WATER SUBMERGED CONCEPTS
; 7.2.5 The wate: submeirged concept consists of an encapulated missile with an in~

teyral closure. The missile _ontainer is onchored in rock with closure lid submerged in the
fluid of the debris pit provided.

Another configuration shows the missile suspended in a fluid where the entire

cavity surrounding the missile container is the debris pit.

Advantages: open pit filled with a fluid to protect silo from the effects of the

nuclear blast (heat radiation, and shock wave).
Disodvontages: water seals for the pressure vessal, fluid storage and main~

tenance provisions.
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. FIGURE 7.2 -6 VERT|CAL LIFT p
3 (
E 7.2.6 FUNCTIONAL DESCRIPTION
The cor.zep! shown in Figure 7.2<6 is developed from Figure 6.1-7. The
idea in this concept is to veriically push the missile tube throuch 30 to 3% feet of debris.
Once the missile tube closure is ubove the debris, (about 10 feet), the silo lid would be
E rotated to cleor the issile opening for icunch of missile.
: The simplicity of the concept is lessenec by *he vertical thrust required to
; .
= push through the debris - approximately 12,000,000 pounds. :
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FIGURE 7.2-7 CLAMSHELL. CLOSURE
i
7.2.7 FUNCTION DESCRIPTION:

After multiple nuclear burst the silo closure is covered with debris. Upon com~
mand the missile tube is pushed through fo clear the debris level. The closure is opened by an

actuator system for missile lounch.

Advontgge:

This concent allows the closure and missile container to be constructed as o
unit. The clamshell shaped closure, after the initial break, will penetrate the debris with less:
ef fort thon o flat top surface lid. The closure configuration provides a positive<lock device.

Cisadvantoge:

Power requiremer;ts are high. The missile silo ond contoiner must be designed
as a telescoping system und strong enough to take column action.

’ NOTE: To push through 35 feet of debris requires a force of 12,000,000 pounds
approximately. |

Summory:

The clamshell closure concept with silo and missile container buried in soil

could be effective for superhard applications.
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FIGURE 7,2-8 CYLINDRICAL SILO CLOSURE
7.2,8 FUNCTIONAL DESCRIPTION:

In the cylin-éicol silo closure the lid rotates 60° clockwise by means of an
actuator to olign the fifteen foot diameter opening in the iid with the silo opening for missile
launch. See Figure 7,2-8A, 88 and 8C.

Advantage:

The concept has good dzbris control, the debris slides down into the pit by way
of the sloping silo lid surface. It is protected from pressure effects. The closure system pro~
vi des good bearing surfage for the lid. Moderate power required - approximately 400 hp.

Disadvantage:

The debris pit must be large and hardened to prevent collapse during several
nucleor bursts. The lid must have o large diameter to ac‘commodote the missile launch opening

and provide sufficient bearing surface for the closure system.
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Saniies

Y \
v/ FIGURE7.2-9 SPHERICAL SILO LID CLOSURE

] 7.2,9 " FUNCTIONAL DESCRIPTION:

' The spherical silo lid function is the same as the cylindrical rotating silo lid
i closure. See Figure 7.2-8A.

Advantages:

3 The spherical silo lid concept provides a greater bearing surface and a stronger
Y structural section.

li : Disodvantages:

;- Some a5 Figure 7.2-8A

| % Summary: ,
y The spherical silo lid could possibly be used in a superhord environment.
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ADVANTAGE
i(AS MEANS OF ATTENUATING HEAT AND RADIATION EFFECTS)

IN ADDITION TO PROVIDING A DEBRIS PIT FLUID ACT AS
BACKPACKING, MODERATE POWER REQUIRED

DISADVANTAGE .

MISSILE CONTAINER MUST BE DESIGNED AS A WATER SEALED
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SILO CLOSURE @ REST

{PROVIDES PROTECTION AGAINST

'DYNAMIC AND REFLECTED PRESSURE .

VERTICAL LIFT

DEBR!S LEVEL

GROUND LINE

SILO CLOSURE AT REST

RETAINER RING -

SILO CLOSURE AND
MISSILE CON TAINER RAISED POS

FUNCTIONAL DESCRIPTION: ‘DISADVANTAGE: g
;THIS 11D 1S COMPLETELY FLUSH WITH THE VERTICAL LIFT REQUIRES A LARGE POWER SO
|GROUND SURFACE. ON COMMAND THE ACTUATOR SHAFT AND MISSILE CONTAINER: ]
‘wt CONTAINER AND ACTUATOR BE DESIGNED TO CARRY CANTILEVER LOADS::
| 2HA IS PUSHED UPWARD THRU THE MISSILE TUBE WILL BE SUBJECT TO LARGE NN
{DEBRIS AND ROTATES LID TO CLEAR THE MOMENTS.NO HANDLING OF:DEBRIS PROVH

___"SRO OPENING . 'TME FLAT SURFACE OF THE CLOSURE MAKES:§

| ADVANTAGE: DIFEICULT TO PEINETRATE FROZEN OR INTERLA

'DERRIS.
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NUMBER U. -

VERTICAL LIFT

SILO CLOSURE AND
LE CONTAINER RAISED POSITION

ND MISSILE CONTAINER MUST
LARRY CANTILEVER LOADS.

BE SUBJECT TO LARGE BENDING
NDLING OF DEBRIS PROVIDED.
BJOF THE CLOSURE MAKES IT
FTRATE FROZEN OR INTERLOCKED

kJIRES A LARGE POWER SOURCE,

\.‘( )/— DEBRIS

SILOLID
RETAINER RING

ACTUATOR SHAFT

MISSILE CONTAINER

DEBRIS 1

SILO CLOSURE RAISED AND ROTATED

SUMMARY ¢ ]

A MODIFIED VERSION MAY BE USED TO HANDLE
LOWER DEBRIS LEVELS.

FIGURE 7. -
VERTICAL LIFT CONCEPT
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E L ( ' 8.0 CONCLUG {085 AND RECOMMEMDATIONS . PART I

T™is closure and debris haadling stuay has ccoacerned Itself wit' clos.res

independeatly of the lauscher structure, and at extreme overpressire levela like

P TR

33 1/3%. It is unfortunate tnat at this point in time {Decerver, 19t7) “i.e tech- f'
§ 2
ff ] nical community is still undecided as to survivatility limits for cavity ¢t - e
E | structures constructed in rock. There is prcmise that sucn a decision is forti.-

ot

comiag witiin a few moaths because of the urgenc: of implementing a new aarde.ed

3 national weapon syster. Survivabpility of such struciures aprarenily Jepeis . A
mostly on the anticipated rock stress at a given sir overpressire level, a.d “we
Al

variocus authorities are in disagreeneat to such a: extent tnat tnis rock siress

3 > ;
7? g could be predicted anywhere Zrom levels equal to the air overpressure, p . seven }f
3 § times that amount. This leing the case, the region i .vestigated in this stud:r L
% 3 could well be outside the realm of practicébility becanse the lau:cher strictures
.i ( § under the closures might aot Le survivable. I.. order to 6enef3t froa this studw, ;
: % it is imperative that accepted levels of survivabiliiy de recoéaizcd, a1d une ;;
:? § closure and debris handling stuly reoriented if reguired. f

uj .
é 3 The results of the reserrch to date, as iepresented in Section 7.0, has ]
% gerved to illustrate ouly some of the 4iffinulties associated weth desig:i.p =t %
; the 33 1/3X pressure level. The problems'encouutezed in tha conceptual phase :

b pcriisat

concerning debris accomodation and closure confignrations has overshadowed other =

equally critical design factors irclud¢ang structural dynamics, radiavioa cffects

and sctuation mechanizaticn.

T

PR,

The problem of debris at the specified level resulte i.. Lwo basic et ods

} of accomcdation. The first is a debfis pit or by ingesting the dedbris in sone

manner, and the second is by brute force penetration of the debris by a push out &

(i\ device.
1
B
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The detriz pit scheﬁe is attractive from its conceptusl simplicity dbut
it has several serious problems, including the large gize required, the struetural
complication of adjacen: cavities in rock, snd the utdeterminate amount of debris
likely in an open debris pit.

A secondary ciosure or separate closure for the debris pit is the only
defiasble pit concept and is recomuended below for Curther study.

The penetration or brutc for:e coacept has the advantage of bei.g re-
dictable and although the power requirements are extrenely high, thes are siill

conceivable when taken in context with other requirements of the system. A 81—

tical work is underway withiu Boeing to defiae the push out forces Tor this tipe
of closure. This work should be available for future design effort. The other.
major complication of frozen debris is not well defined but is estimated to be a
fraction of the load due to the debr.s at high debris levels.

Bota concepts are considered feasible functionally with the assamption
of structural feasidility and compatibility with other requiremepts. The pene-
tration method can be jdeatified as the most promising concept to date for the
severs design conditions cf the study.

Ta» closure configurations illustrated in Section Tel have been evaluated
from & static overpressure requirement and are coansidered acequate only for %his
condition. Actuation schemes are illustrated conceptually and it was .10t pogsible |
to develop latches durigg the study period. Likewise, specific ablatica allowe
ences and shielding echemes were not developed for the closures, as finite re-

quiremeats were not available. Further development work to include theae require-
[ ]

ments is recommended below,

N

All of the concepts which are rated as being feagible (showr in Seciion

7.0) are coacepts which do not account foy other possible functional reqiiremeqts

- - B e e L ) . me
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of the launchers, suchk &6 sir breathing for post attack gurvival power sysiems.
Even without such complications, these corncepts, though feasible are gzenerally
complicated and obviously will be extremely expeasive to fabricate.

The study has progressed to tne poiant of recoguizing tnree cosfigurations
vhich merit further development. Tbe task of develcping the next level of detail,
evaluating the configurations ard making cost analrsis as indicated on tne st dv
plan were not accomplished in 1967, aowsver, the conceptual ?valuation as applic-
able to high deoris levels will apply regardiess of “he correspoiding nominal

overpressure evel,
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The follow-cn effort to the study will logically include conpiefiou of
the primary objectives originally described as a first cois:derazion, Aé&itional
effort tc further define design factors and limit;tio;;s can be ideatified which
will add confidence to the results and improve the techaical base of the study.ﬂ

The rezommended study can be broken iato foir areas of effort.

I. Drvelop new updated coafigurations of three feasible coicepts as

follows.

a. Vertical 1ift coscept with debris shieil [Fig. 7.0-C). Modify at |
least to provide multiple actuators.

b. Clamshell closure (Fig. 7.2-7) witn capabil! y to raise closure
and launcher through debris.

c. Closed debris pit coucept using either secoadary, closure to

divert debris to pit or separate debris pit closure,

Develop these feasible configuratinng tc a fuactional level of detail

’

wvhich includes:

1. Dynamic structural capability for basic stricture and compoe

aents. !

2. Operating mechanidms for closures, actuators, latches, debris
penetrators and fraagible devices. Include power sources i
daesign.

3. Composite structural design of closures lor strength a.d
radiation attenuvation effectiveness.

L, Ablation allowances and high tewperature strength loss for
exposed surfaces.

II. Pertorm Cost and Materiail Analssis for the co.cepts developed ahove,
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III.

= 1

Costing to be limited to & first estimate based on material quantities
and unit costs. Heteriai analysis to iaclude availability, sources,
lead times, fabricators and production capacitr. This research also
is to be done to a rirst level of defiaition with the objective of
recognizing problem areas associated with tne large size compoae:ts
and quantities of materials 1nvolged.

Improve the technical base of the stady bj:

a. PFurther research into the total enviro-mect to provide specific
currently acceptable ground rules for the design effort iavolved
in 1. above.

be Seek further staff support for desig: evaiiation and developme .t
in critical areas. Useful work to promote.desig: cofidence
could be done in tie areas of structiral saalysis, dynamic loads
analysis, composite structure asalysis for sire.gtii/radiation
shielding cptimization, debris peaetratica anal 'sis aad actuator
pover sources.

c. Maintain surveillance of expected advaacemenis ia s rviveuiliiy
1imits, rock/structufe interactions, and weapons effects criteria
ineluding denris levels and ablatlion elfects.

d., Study the effects ?f other functional requirements includiag
air entrainmept components, mainteuaince access and migslle emplaces
ment,

Continue developmeut of other coicepts which can be shown to nave

feasibility similar to those recommeanded above. Suggested approaci.es

vhich have not bees worked to date include:

[
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8. Combinatfon spprosca to debris handling. An ‘ridersized debris
pit would reducg the debris levei to a poiit vhere'a,sinple
closure could penetrate ihe remsining debris.

. A dynanic method of debris removal has been siggested using

explosives or a large gas geuerstor to blow tie debris aside.
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1.0 INTRODUCTION

The purpose oi this document is to present the 1968 results of a Company funded
study of survivable "super-hard” laun i facility ciosure systems and debris

handling methods.

This document is a continuation of the work performed in 1967 under TRP 363
(Technical Research Program) directed toward "Superhard (Cold Launch) Missile

Launchh Facilities.

The work performed in 1968 and presented herein {s basically a direct follow-up
of the recommendations and conclusions made at the end of the 1967 effort.

'D2-125499-1) (PART I)
1.1 ORJECTIVES AND SCOPE OF STUDY

The prime objectives of the 1968 effort were to develop preliminary designs
Yor three launch facility closure concepts which wiil function at the linits
of survivability, to define and evaluate the weapons efferts parameters at

the limit of survivability, and to provice a basis for a cust analysis for the

closure systems.

The closure designs were intended to be developed to a high confidence level
and in sufficient detail to allow a realistic cost analysis to be performed.
The objective configurations as a result of the previous work include three

concepts as follows:

A. Debris Penetrating Closure

In this concept the facility closure only is pushed througn the accumuiated
debris from the specified attack model.

B. bebris Penetrating Lauucher

.
In this concept the entire launcher assembly as a unit is pushed
throvgsh the debris before launch.

C. Debris Pit Concept

This concept includes a closed fdﬁllity with a priuwary blast closure
and a secondary closure over the launcher to deflect the falling debris

into & debris pit when the primary closure  is opecned.

Debris penetrating closures were to be developed as the most promising function-
ally for the extreme conditions assumed. The debris pit concept was to be
developed to illustrate the limitatiouns of this approach and to evaluate cost

of the system when exposed to the total enviromment at high overpressure condi-
tions. The weapons effects were to be further investigated and defined to
provide quantitative data on all parameters which could be utilized in the design

effort.

A cost avalysis was to be performed only to a first level, based on material
quantities and unit costs. The objectives were i~ provide a cost magnitude
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1.1 (Continued)

for superhard closure systems for future system cost efiorts, and to provide
cost comparison among the developed concepts.
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2.0 SUMMARY OF 1968 RESULTS

The 1968 =ffort has resulted in an evaluation and interpretation of recent
weapons ~ffects information, the identification of additionsl critical design
paramet2rs spplicable to "superkard” concepts, and the developwent of preliei-
nary designs for lauach faci ity closares which have s good probtability of
surviving the total environment as interpreted in this study. In addition,
quantitative design dats for debris penetration has beea cbtained and repro-.
duced for referance.

The study effort hes resulted in five ciosure configurations being developed to
e first level of definition. The configurations are variations of the three
concepts identified above as study otjlectives. Included are one peretrating
closure configuration, two versions of the penetrating laicher concept, and
tvo versions of the debris pit concept. The debris penetrating launcher
identified as Ro. II will survive all of the weapons effects postuisted for
this stuly (Section 5.3), however, further design should not be pursued without
first developing a more definitive environpental model.

During the study effort, the most recent data on the effects of nuclaar bursts

of high megaton yields and the responee of the amplacement medium (soil and

rock) to the durste were obtained and interpretel. Selected maximum values of
the weapons effects parameters for a range of postulated attack conditione

were utilized as design criteria in deveioping the study configuraticn. The
dsbris environpent definition used in the study has resulted in the debris
penetration foyces, the debris particle size, and the impact velccity at the
facility becoming key parameters. Previcus stidies have not included a critical
evaluation of these parameters and the resulting design {nfluence is significant.

Limitations

In order to proceed with preliminary design of closures and components, certain
assumptions were necegsary in areas outside of the scope of the st.dy:

1., 1t vas necessary to assume ‘hat a bagic lsuach facility structure can
be designed vhich will survive. The design of the facilivy {s far
beyond the scope of the study and in fact the technical community
cannot yet define a structure wvhich will survive the attack conditions
vhen located at the ground surface. In addition to basie survival
capability, the facility structure would be required to simultaneo.sly
vithstand the Qynamic mft.ions of the massive closuare erd components.

2. The study configumtions are developed around s particular aodel for
debris quantity and particle size distridbution, which {s noted below
tn be a compronsise between models proposed by various researchers.
Examination of the configurations will show them to be highly depen-
dent on the dedbris modedl utilized in the areas of dedris depth and
debris impact parameters, The configurations and even the concepts
can change 1if the debris environment is made less lemanding. Likewisge,
any sigoificant increase in the requirements dae to debris would
require new concepts.

PV A0 C934 R sy Bl

e b Y R <k

o T L N v [ D T P VT e




. BOEFING : -

NUABER  D2-225499-1
<ty R A

2.0 {Continued)

closure structures for consistency of approach.

3., The scope of the designs has been linmited by assuming steel shell

The de. . opment of

a spall dismeter closure as shown {n Figure 5.3-2 wcald allow
consideration of cther materials, such as reinforced concrete fcr
this closure if further work were considered.

%, An accurate analysis of the dynamir respomse of the closure components
was nct accomplished. As noted i{n later paragraphs, many of the
closure components cannot survive elasticelly {f the free.fisl1d
dynamic shock spectrum s used to define loadings.
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3.0 WLAPOUS EFFECIS - FURTHER DEFINITION

Recent work periormed in the area of weapons effects has identified new conditions
that must be considered. For this reason a restatement of the review of Weapons
Lifects included in the 1967 documentation is oifered here, expanding the
description.

The following discussion is iatended to provide a broad picture of weapons
effects from high yield weapons, inclucing some specific cunsiderations that
are possible but unproven.

At the present time ‘there appears to be reasonably good agreement on many of:
the nuclear weapons effects that might result from a nuclear attack involving
a true surface burst of some megatonnage over competent "rock". Most of the
differences of opinion arise with respect to tH® consequences of the effects
within a particular rock-site environment. The descriptions being furnished
for crater formation, resulting acbris, and magnitude of direct transmitted
ground stress show wide variation. Debris dimensions vary up to an order of
magnitude and direct transmitted stresses vhry up to a factor of {our,

ALY

inis is understancable when the sources of test data and analysis are comsidered.
All data and analysis curreatly being used derives from various interpretations
c! past detonations of high explcsive devices and nuclear devices. Nonme oi
these are exactly appropriate to explosiuns that would be expected from current
threats. From the many interpretations the extreme interpretations have been

. "lected into a '"big crater school" and a "small crater school" with debris
descriptions differing by ‘an order of magnitude, cr more, dependent upon range.
(Once crater size has been established by any of tue autliors the geometric
proportionment cof debris to crater is reasonably counsistent with that of the
other authcrs.) Currently, Boeing personnel charged with responsibility for
aefinition of weapons ef{fects criteria are endorsing an intermediate position
as the qescription against which designs might logically be performed.

.4

USE FOR TYPEAR TN va™

Since speciiic testing to resolve the differences in crater and debris descripe-
tions is denied by the existence ot the nuclear test ban treaties, there can
not be any certainty that the weapons effects description will remain constant.
Indeed, the experience of the past vear has shown that descripticn to be quite
fiuid and greatly 'influenced by degree of conservatism assumcd by others with
respect to probability of particular threats aud particuiar weapons effects.
for this recason it is a necessity withim this study, to select some reasonable
combination of weapons effects, for purposes oi establishing design criteria.
Since the combinations of weapous cffects that can result from various vield
weapons, varying site conditions, and varving ranges are very numerous, selected
maximum values were used ior the study.

J.1 DESIGN OVERFRESSURL LEVEL AND AIR RLAST EFERCLS
A

rrevious work was performed using a somewhat arbitrary nominal overpressure
level as & design point for evaluating launch facility requirements. Advances
in the definition of wecapous effects parameters and in soil/structure inter-
§ Jction stud es have demoustrated that there is a location with respect to the B
‘ ( wedpon crater, inside of which it {s ivpractical to detine a survivable facility,

~ As with other parameters, this location is variable with weapon vield, siting,
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( 3.1 (Continued)

burst height, etc., hLowever, {{ can be associated with a nominal overpress-re
less than that ysed for previous work.

Accordingly a cew arbitrary norinal design overpressure of 20X psi. has been
selected as a reasonatle design point for the present studv. The other weapons
-effects parameters assumed are roughly the corresponding values comsidered a
reasopnable design maximum from various attack possibilities. .

The build-up of pressure frowm the detonation and its subsequent decay in the form
of a rapidly moving spherical shock front result im the primary peak over-
pressure wave felt at the facility as the shock frent passes over it. For larger
weapons and higher overpressures, this effect will be felt at the facility
within two hundred milliseconds. The velocitv of ‘the front could approach

tens of thousands of feet per second. becay of the overpressure after passage
of the shock front is very rapid. ilowever, conservative design indicates that
the surfaces of interest be exposed to the full overpressure effects. This ~
results in a very severe loading on the facility and adjaceat site medium.
Positive overpressure will continue for several seconds after the passage of the
shock front. The result of impingement of the shock front on protrusions or
incentations on the surface will produce reflected shock values significantly
greater that the incident overpressure value.

-

-
USE FOR TYPEWRITTIN MAYERIAL QONLY

From the time of arrival of the shuck front there will be transient wind cordi-
tion existing at the facility, through the positive phase of the overprassure,
and continuing through the negative phase. The initial wind velocities wil) be
in the crder of tens of thousands of feet per -second and will then decay in
rore or less direct proportion to the overpressure decay. The later winds in
the period of negative overpressure and final stages of the positive phase,
vhile not high in velocity, will be sufficiently strong to cause displacerents
of aay unattached projecting surtace materials. The influence of wind on debris
movement, deposition, and abrasive erosion of surfaces must be considered.

3.2 2ADTATICON TIFECTS

The first effects felt at a facility from detonation of a nuclear device will be
the nuclear radiation. This is accomparied by an intense thermal radiation pulse
from the initial burst, and followed by a longer thermal pulse as the site is
engulfed by the fireball,

Within the {irst few milliscconds there will he a tombardment of the facility
surface by X-rays, prompt gamma rays, neutrons, secondary gammas, as well as
the efiects of neuytron capture. Sufficient shielding must be provided by the
e closure system to attenuate the initial radiation pulse to a level which will
. not affect the equipment within the facility,

The same radiation energy also results in damage to the structural and natural

‘ nmaterials thar comprise the surface as a consequence of the converslon of that
b radiation energy to heat. The heatinp e¢ffects will be a8 functicn of the

3 material ab¢ .rption properties, dirensions of the materials, and their thermal

’ ( characteristics, This heat mav be sufficient to cawse ablation of some materials

; ’
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3.2 (Coﬁtinued)

through vaporization and melting, sufficient to cause degradation of the
mechanical properties of some materials to significant depths below surface,
and possibly sufficient to result in thermal shock of the materials. Further,
the consequences of differential heating to differing components of composite .
materials, such as steel-reinforced concrete, could result in additional damage.

From the initial forming of the fireball at detonatiom, heat is radiatec¢ in
all directions, the first radiint heat arriving with the radiocactivitv. As

the fireball develops, the heat radiated to the facility increases. The maximim

heating at the facility occurs when the fireball has grown to sufficiant size
to envelope the facility surface, radiating to and conducting heat to that
surface. This will occur irmediately following passage of the overpressure
shock front. It continues in existence with highllnput to the facility
throughout the period of the positive phase of overpressure. The negative
phase, with ground wind reversal will force the rising of the firsball from
direct contact with the surface. lowever, for many seconds the heat of the
once again remote fireball vill beysufficient to cause verv significant radiant
heat reaching the facility. The total effect of all of these phases of the
heating of the facility will be sufficient to cause vaporization and melting

of many of the structural and natural naterials that might exist at the
facility. he degree to vhich this ablation might occur should, perhaps,

be estimated conservatively singe it is conceivable that the ablation woull be -
occuring at the heat of melt rather than at the higher heat of vaporization,
particularly during periods in which either wind or debris mlgnt be eroding
the surface as rapidly as it reaches a fluid state.

In addition, the direct heating of thie surface of the facility corbined vith
high temperature molten deposits carried by the dynamic wave could result in
a fused layer which may in effect weld adiacent surface components together.

The additional phenomena of heating tc significant depth, followed by ground
shock, thermal shock, or steam from ground water can produce loosc debris
which can be carried over the facility by later winds. High velocity pro-
jectiles from this source can cause severe damage to surface structures.

For the developed configurations the closure mass and over-burden required
by the overpressure level and debris impact criteria provide protection from
all radiation and sutface effects including heating, ablation and spallation.

3.3 CROUND SHOCK-DATA AND INIERPRFTATYION

Within an interval of about 10U milliseconds after the arrival of the air over-
pressure shoch ‘wave, the effects which are transmitted through the ground will
reach the facility., Since shocks transmitted through the ground do not get the
same form of spatial attenuation with range that occurs in the alr, the ratio
between shock induced by air overpressurc and the direct grouni transmitted
shock is wvariahle. 1In general, the nature of air shock is predictable vhile
that of sround transmitted shock is not. The structure of tae medium through
vhich ground shocks are transmitted is penerally variable and the resulting re-
ficctions can cause elther magnification or atteruation of the trausmitted
shock.

Tagh
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- tion to be experienced in the ground at the facility due to the ground shock

3.3 (Continued)

The facility is subject to severe loadings due to both the ground stresses,
which can be several times the air overpressure, and the motions indvced bv
the shock phenomenon. The definition of the basic facility is beyond the
scope of the study and it wmust be assumed that a basic facility can be de-
signed to survive. The ground shock effects to be considered for the closure
designs are the motions experienced by the facility at its location with
respect to the crater.

The ground shock criteria is presented as a "free field" shock spectrum which
represents the maximum expected values of displacement, velocity and accelera-

effects.

From the free field spectrum a "response" spectrum is prepared by applying
suitable factors and this represents the corresponding displacement, velocity
and acceleration response of an object (a simple spring mass system) to the
ground shock.

Data are usually preseanted for vertical and horizontal components and for both
air induced and direct induced (grovhd transmitted) effects.

The available shock spectra for the high overpressure regions from nuclear
bursts of high yield weapons are many and greatly variable. The shock spectra
are a rather imprecise definition of the actual ground motions experienced at
a facility. This is due mainly ta the variability of the transmission in the
earth. However, the spectra are the only practical method of descrihing the
effects and are satisfactory for preliminary design purposes. For the present
study a single response gpectrum representing a probable maximum environment
has been used for both horizontal and vertical components. This is presented
in Figure 3.3-1.

Interpreting a shock spectrum for design purposes can only be donme by assuming
the component under consideration as a simple harmonic oscillator. The spectrum
presents the maximum displacement, velocity, and acceleration response of the
component to the event represented by the spectrum (by definition). The com-
ponent is then analyzed to a displaceuent, velocity, or acceleration, and stresseﬂ
calculated accordingly. Thie procedure is generally suitable for preliminary
design purposes and is the method utilized in evaluating the response of the
developed designs.

More exact analysis requires that finite cowponents and groups of components
be subjected to a specific driving pulse and their response calculated. This work
requires the support of technical specialists, beyond the scope of this study.

3.4 DEBRIS ENVIRONMENT

In addition to the weapons effects of radiation, thermal pulse, shock, ground
motion, peak overpressure, and dynamic pressure, a very severe and uncertain
debris e virommant will exist at the facility. The debris environment includes
high veiocity "wind swept” early debris, large quantities of bulk debris and
large particle impact effects.
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{ 3.4 (Continued)

Previous work in debris definition has paid scant attention to the mechanism
of debris depositions or the effects of the debris particle size on the sur-
vival and functioning of the facility in the debris environment. (The particle
size as noted belcw can vary from dust to large boulders.) This lack of
identification has not been significant so long as the levels of debris
predicted have been low.. For the regions nearer the crater that are currently
being explored in attempfing to achieve the greatest possible hardness, debris
levels are becoming significant and the predicted distribution of debris in
the final deposition is such that this factor is becoming of prime importance
in design. In addition, further evaluation of the probability of large debris
particles arriving at the facility in free flight from the crater has resulted
in the damage due to impact becoming important.
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Various models for debris quantity, size distribution, and arrival mechanisms ”!
are being proposed and the definition is at least as uncertain as the ground
shock descriptions. The possibilities of changes in site conditions, level

of burst for nuclear detonations, and changes in the required probability

of survival £z z facility, dictate that designs be conservative in debris con-
siderations.

"‘H“““A’" .

For lzrge weapons, high debris levels are being predicted with zather high
probabilities. In additlion, the debris is described as having a significant
number of large particles on the order of 10 to 40 feet equivalent sphere
diameter. Whken this description is coupled with the minimum conditions by which
ejected debris could reach the facility in free flight, velocities of several
hundred feet per second result and the impact damage can be potentially more
severc than the damage caused by the earlier mentioned effects. The present
study has been performed on the basis of a relatively severe debris model to o
illustrate the order of magnitude of the possible effects and the type and §
size of components required to accommodate these debris levels. )
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Previous design efforts in the 1967 study have already defined the debris "
handling problem as a controlling design factor and suggested that brute force
penetration of the debris or a large debris receiver arc the most probable
successful concepts available. The evaluation of debris impact to a first
level of definition has been performed during the present effort. The debris
model assumed for the study is defined below.

3.4.1 DEBnIS CISTRIBUTICN ~MD SIZES

The currently favored (by Boeing) debris model is considered to be a conserva-
tive one with a finite percentage of the debris volume being of a particle size s
comparable to the nominal debris depth.

A typical size distribution definition is shown in Figure 3.4.1-1 and this
represents the assumed conditions, The curve -epresents; the

distribution of various particle sizes within a given area and can be inter-
preted to estimate the size distribution in the bulk debris, and also to
estimate th- probability of having to push aside a large particle at any given
site. It is significant to note that the bulk of the debris is in fairly large

particle sizes (on the order of the closure radius) and that the probability of
L

et

1

— —— P T PR—

AR B R

b
j
)S

CAIAPAY T4 ~E LSt




USE FOR DRAWING AND HANDPRINTING — NO TYPEWRITTEN MATERIAL

10°

10* |
100 4
10° ¢
DEBRIS SIZE DISTRIBUTION
FIGURE 3.4,1-1
10! |
&
Q
8100 .
&
<
>
wmn
m -
8071 |
S
2 2
g1072]
tx,
(@]
?;10‘54
10-“1-
10°5 - t { + 4 b
0,061 0,01 31 ) 19,0 105.0
EQUIVALENT SPHERE DIAMETER  FEET
A NO. D2=125499-1
REV LTR SORING |
I 112
U3 4288 2000 ORG 5 &5 SH




———

USE FOR TYPEWRITYEN A" FRIAL ONLY

NUMBER D2-125499-1
. BDEING v REV (R A

3.4.1 (Continued)

having a large particle on top of any facility is relatively high. The bulk
debris condition is reflected in the penetration requirements below. The
effects of the very large particle sizes possible cannot be fully evaluated
without further information but it is presently felt that the direct 1lifting
of the particle is no problem and side thrust is the effect which may be
critical to a push out member. Practical judgement suggests that the very
large particles are unlikely to come to rest at any remote location in one
piece even if they do exist as the crater is formed. Accordingly, a maximum
particle size of about 15 ft. equivalent sphere diameter has been used for
evaluation on the basis that this is a somewhat critical size for clearance
reasons in debris pit concepts and also for impact conditions assumed.

3.4.2 (UANTITY REIATED TO PIT CONCEPT

The bulk depth of debris anticipated for the present study makes the concept
of a debris pit untsnable at the nominal level. However, the uncertainty of
the model and siting variability indicates that it is indeed conceivable that
the amount of debris to be handled could be reduced. This would allow re-
consideration of debris pit concepts and accordingly the requirements have
been investigated.

Because of the nature of volume requirements for a debris pit when high levels
are considered, an arbitrary upper limit was established for the study and the
concepts developed around this limit. The maximum volume of debris to be con-
sidered was assumed to be that which could be accommodated in a receiver of the
same diameter and maximum depth as the missile facility. This results in a

pit 25 €t. in diameter and 108 ft. maximum depth having a nominal volume of
53,000 cubic feet.

The debris depth which corresponds to this volume is based on a conical
depression in the bulk debris formed at a nominal angle of repose of 35°
from the horizontal,

Figure 1-C-2 (APPENDIX I) presents the volume of the depression as a function
of nominal debris depth when the facility opening is 15 feet in diameter.

This results in the debris pit configurations shown having the capability

of handling a 23 ft. nominal debris ievel. This is much less than the required
capability of 36 ft. which would require 149,000 cubic feet of receiver.

3.4.3 DEBRIS PENBIRATION

The direct penetration or ''Push-out" concept has been taken as the most
definable and most likely method of designing a facility which will function
for high debris levels. The magnitude of the push-out force required is
readily recognized as being high just from the overburden effect at the
depths under considerationm,

Previous work has been hampered by lack of informaticn on the properties of
the bulk 1ebris as they resist penetration from below.
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3.4.3 (Continued)

Recent work by Boeing has provided theoretical and non dimensional quantitative
data which provides further definition of debris penetrating forces for large
irregular particles. This data haa been used for sizing the penetrating
closures of the study. The data is based on a theoretical model of sand and
experimentally determined factors for the variation with size. This

is shown in Appendix I. . The resulting debris penetrating torces are ex-
tremely high and while they require mechanical systems which are near the
limits of the state of the art, they are considered feasible functionally.

3.4.4 DEBRIS IMPACT

3 The po-sibiiity of large bouldaers arriving in free flight at the facility
has been discussed above and is considered a positive design requirement for
the debris environment under consideration.

fiperaaa i e

Very little work has been done in this area becausé the previous design debris
levels have not required it. The effects of large masgses of alluvium
(unconsolidated ailt, sand, and gravel) being ejected from a test device have
been obgerved and studied in conmection with the Sedan Test in Nevada and is
described in Reference 1. The very significant damage caused by these
magses of unconsdlidated material when they impacted a structure and the
craters or ground depressions formed then they impacted the ground suggest
that this phenomenon is of some importance.

The referenced paper: proposes a model for fmpact phenomenon which is based
on an equivalent pressure pulse of triangular shape which is developed by
an Impulse-Momentum approach with given mass, velocity and time parameters.
This model is shown in the appendix with a 15 foot diameter particle arriving
at the fae2ltty at 300 feet per second. The resulting 10,000 psi equivalent
pressure on a non yielding surface 14 modified for the present designs by
providing a gravel overburden on the facility. This will allow less rapid
deceleration of the impacting particle which will reduce the peak pressure
on the closure. The reduction has not been evaluated and the overburden is
shown as a possible method of attenuating the effects below the nominal

20X psi deaign capability.
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It must be noted that while the assumed particle and velocity represent
the limit of the design capability under the gssumed conditions, they

also represent a relatively small particle in the i1llustrated debris model
and the minimum energy trajectory for arrival at the facility. Further
congideration of the possible particles and high velocity trajectories can
result i{n an impact consideration which is nearly impossible to design for.

The conditions assumed have been chosen for illustration of the magnitude of
the phenomenon and the sensitivity of the designs to the debris model,
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4.0 DESIGN CONSIDERATIO.IS

The total Gupon‘a effects euvironment results in the recognition of three
primary design factors which will determine the basic configurations of
closure systems. These are:

1) Nominal overpressure and air blast effects
2) ‘' Debris environment
3) Ground shock enviromment. v

The cancepts selected for study were categorized with the debris handling
methods being the most significant difference between approaches. Two
bssic debris handling méthods are recognized. The first is a brute force
penetration of the debris by mechanical means. The second is a debris pit
concept where the. debris is sllowed to fall into a pit, leaving the closure
exposed and unobstructed for opening.

The basic functionsl requirements considered for the development of the
designs were limited to survival of the weapons effects and providing a
post-attack functioning system for opening the facility to allow missile

_ lsunch. A one attack criteria was assumed, however the conservative elastic

approach used in the design definition will provide an inherent multiple
attack capability if this objective is met, with the limitation that the
total deposited debris depth cannot exceed the nominal value.

The penetration approach has been developed to the point of defining three
configurations, each having unique features and problems. The first, most
direct approach is to push the silo closure and a debris shield assembly
alone through the debris (Fig, $.l-1). The gecond approach is basically

to push the entire launcher through the debris. This is accomplished by
essentially making the closure, debris shield, and missile system into a
single unit which is pushed through the debris (Fig 5.2-1). The third
approach is a refinement of the second, wherein a much smaller closure is
utilized to minimize materials and to enhance substantially the survivability
of the basic structure. (Pige 5.3-1)

Two conclusions have been reached in previous studies of debris pit concepts,
the first is that s closed structire must be pravided to prevent the pit from
overfilling by interception of a horizontally moving mass of debris, and the
second is that a secondary closure system is reguired to protect the missile
from the debris as it f£alls into the pit,

The primary problem with debris pit concepts is the size required when

" high debris levels are encountered. The required volume increases very
. rapidly with depth because of the nature of the 35 degree conical shape

of the cavity formed as the loose debris falls into the pit,
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‘4,0 (Continued)

ne sheer size of 2 debris pit ror tre assuwed conditions, in addition o
the structural complexity of aijucent cavities in a highly stressed melium,
indicates that this concept has a very lov confidence ard high cost. The
concept is develsped however in crder (¢ illmstrete the problems enccuntered
and tc provide a reference for future cvaluation.

The debris pit size for the nominal dedris juantity is coasidered to Ve
impractical, and for the study an arbiirary upper iimit tc *he debris pit
size has beep se’ by defining the devris pit as having the sam~ diametaer end
maximum depth as the tacility. For the e:sured missile coafigiration this
results in a pit which will nandle approximately 23 faet of Zebris,

4.1 SURFACE EFFECT3 AND DEBRIS IMFACT .

Evaluation of veapons eff2cts at.high overpressure lavels nas resulted in
the definition of effects vhick occur in the surface layers of any mediux
present. The effects of nuclear radiation, thermal radiation, ablation,
and debris impact nave been discuased in Section 3.4, The requirements tn
survive a severe dsbris impact condition are such that the other surface
phenomena become secondary problems. Protection for debris impact will
also provide protection from radiation, heeting, and abletion.

The assumed condition of a 15-foot diameter particle arriving at 300 feet
per s=econd when evaluated as an effective mnxfimur impulse pressure will
result in 3 10,000 psi pulse whern the particle stirikes a non-yielding
surface (see Appendix I.B.)., BEy aliowing t:e particle to peaetrate a
zlightly softer surface the precsure pruise can de reduced to a value below
the design capability of the closures., Neither data nor apalysis were
available during the study to define these requirements, and the approach
taken was to provide a finite depth of gravel cover when would botis allow
sors penetration and which would distritute the load over a larger srea at
the cepth of the cloeure, Further investigation will be required to define
the £i11 material properties and dept required.

Again this requirement is sensitive to the detris model ut{lized snd a

change in the criteria caa reduacs the impact probiem to seconiary signi-
ficance, with surface spailing and radistiorn shielding governing the require-
ments of the surface lavers,

The study configurations have been made consi-tent by providing approximately
15 feet of gravel cover for surface pgrotection, The obvious maintenance
problen using & shield of this tyfe has not been resolved, however several
aroroaches are apparent and it is not comsiiered a primary problem.

The overburden approach as utilized in the present dasigns will have
three positive effects on the survivability of the facilities. The first
{s the surface protection apd rediation shielding ag noted above, The
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4,1 (Continued)

second is that the overburden will allow the steel shell closures to be
designed as fully buried structures according to the Air Force Design
Manual TD 62-128 (Reference 7 ). The third positive factor is the o~
removal of the structural elements v the closure from the ground surfacc,
thereby increasing the general survivability.

4.2  PENETRA.ION REQUIREMENTS

- IS

The debris levels and particle size criteria used as design requirements E
4 result in extremely high forces being required to penetrate the debris
;ayer .

Recent testing within Boeing has provided usable data and a method for
evaluating the push-out force requied. This is shown in the Appendix
2ad results in a force requirement of 40 million pounds for the large
closures shown in Fig. 5.1-1 and 5.2-1. The smaller closure shown in 1 -
¥ig 5.3-1 has a push-out force requircment of 20 m11110n pounds. The
equivalent peak power requirement for the iarge closure if a time of. twe
m;putes is used for push-out is of the order of 60,300 horsepower. This
can be considetably reduced if the system is programmed to increase the
rise rate as the load drops off or if a longer overall time is allowed.
fhe reduced value will remain in the thousands of horsepower range and for 1
the study it is ‘assumed that any motor or pump system is unsuitable for the
purpose. Accordingly, the actuation system is considered to be hydraulic

] ‘cylinders with the required pressure being developed by directly pressur-
1. izing the oil storage reservoir by a gas generator.
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Hydraulic actuation is utilized to maintain positive control of the system
and to allow operation for maintenance by using an external power source.

The required gas generator sizes have been estimated by assuming a final
pressure and temperature and calculating the mass of combustion products
based on an approximate molecular weight, and the volume of the system. £}
The resulting 8 ton propellant requirément for the large closures presents
a design problem beyond the scope of the study and a volume requirement
only has been incorporated in the configuration. It is furtier assumed ,
that a generator can be designed which will withstand a 40 g dynamic
reaction with rattle space and a suspension implied accordingly. The
hydraulic cylinders required for the large clusure configurations are
considered to be within the state of the art even though they wmust operate
f at a maximum pressure of 7100 ps® to provide the required maximum force.

4 The eylinders for the small push-out closure operate at 3600 psi.
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4.2 {Contnued)

i The required fluid storage volume for the large closure concepts is approxi-
macely 33000 gallons. The fluid is stored in zn integral, hard mounted,

. baff)ed’ tank at the bottom of the facility. A cubical grid baffle system

V fabricated of heavy plate has been shown by previous studies to be desirable
i for the extreme dynsmic envircnment expected. This type of reservoir has

,é been shown in the figures, although specific requirements were not evaluated.

The horizontal forces encountered during push-out due to uneven distribution
of the anticipated large debris particles.are an undefined loading condition.
The resulting structural deflections are accommodated for in the small closure
1 1 concept by providing a positive (approximate 6 in.) clearance between the

: supporting structure and the missile canister and a two-location support to
allow the structure to deflect without straining tine missile canister.

The horizontal load capability required for the telescoping debris shield im

‘ Figure 5.1-2 is undefined, however, a finite capability has been huilt into

b the system by overlapping the shield sectlons and providing bearing blocks to
trangmit radial loads between sections. The overlapping sections have been
estimated to be able to withstand a horizontal reaction of approximately

2 x 108 pounds as the closure projects just above the original ground surface.

4.3 DYSAMIC LOADS

TR AR S S R N it s e W b e s s botipiss - bRtk

The ground shock enviromment definition is variable with attack criteria as
discussed elgewhere, and a single maxiwum criterion has been used for the
designs devéloped. The variations due to lesser values will in general ouly
reduce the material thicknesses of structural members. The design configu-
rations developed will be of the general type required for a finite range of
less severe criteria.

~
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The shock criteria are presented in a form intended to cover all cases in a
simple manner. This is the ghock spectrum. This is the only criterion
available to the designer and it must be noted that the data in this form

. cannot be interpreted literally for any real system. The data is however, an
upper bound o the likely response of an elastic member and has been inter-
preted in this manner.

The general asgumpticn made is that any finite system, particularly a dis-

’ tributed mass system, will have a lesser response to the shock than an ideal
simple oscillator which is what ‘the spectrum represents. More realistic
design on a preliminary basis could be made 1f & damped response spectra were

“calculated and alao if réspohse ppectra were calculated for types of members
likely to be encountered suck as uniform beams, axially loaded members, flat
plate members, and shells. In general stiff mesibers are desirablie and for the
resulting higher natura!. freq@encies the waximum loads occur at the regtraint
or loading points and -sce squivalent to the makimum "g" loading of the simple

"nscillator response spactrum.
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( 4.3 {Continued)

The most critical problem arising frcm the xssimed conditions are the ground
shock inertial lozds on the large componente which must be reacted by the-
latching mechanisms and hinge pins. The high peak acceleraticns when applied
to the closures and other lazge components result in resctiong which make it
difficult to provide sufficient latch area for restraint. In addition the
reactions on the faciiivy will be a significant factor in its survivability
and a more raslistic ansliysis must include a detailed description of the
facility response, including the closure.

'; ‘ In general, the dynamic loads as interptet;d above are very high and for
3 - very large components required in some study concepts; latching devices
_ could not be -lefined which will survive elastical'y. The large dome

closures are thie-mést notable example and the concepts are limited in this
respect.

There zre four areas of conservatisme in this approach which indicate that
further development may allow the structures to survive.

1) Observed maximum response spectra in weapons testing programs
are lower than the calculated values vsed for current criteria
and these high values may be modified.

) 2) The response of finite systoms as cowgered to the theoretical
- simple oscillitor will rcgult in improved survivability.

3) Preliminary calculations have assumed elastic response to the ‘ g
shock. A yielding structure cam withstand coaxsiderably more !
severe conditions then an elastic structure.

—~~
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4) The spectra used to date are the "free-field" response spactra
vwhich result in a maximum response at all frequencies. In fact,
the closure and interior components are secondary structure, and
elastic systems of two stages can allow design to minimize the

E ' response of the gecond stage compcnents by controlling resonant
E frequencies.

4 . ’ The confi;nrations developed are not thoroughly analyzed designs, but are
v . presented as logical preliainafy designs which recognize the critical

2 " design problem areas and illustrate the proper order of magnitude of

4 structural and mechanical components which will de required to provide a
functional closure system near the limits of survivability.

- . 4.4  DESIGN CRITERIA

For the preliminary design work performed during the study typical maximum
values of the critical parameters have be : used. In general the values

£ | used represent a reasonsble maximum expecced for the parameter, Bowever,
2 the marimum particle size apd dedris impact parameters are defined by the
b | ( limitations of the configurstions as shown.
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4.4 (Continued)
The values used are as follows:

Nominal Peak Overpressure
Maximup Bulk Debris Depth
Maximum Debrie Particle Size
Maximux Ground Deplacement
(Horizomtal & Vertical)
Misalle Canister Dynsmic
Clearance Space (Horizoatal
& Vertical)
Shock Spectrum Values
Displacement
Velocity
Acceleration
Maximue Partjcle Vertical
Impact Velocity
Closure Actuating Time
Debris Penetration Loads

20X psi
- 36 ft.
' 15 ft.

48 in.

72 in.

48 in.
500 in./sec
1000 g

300 Fps
5 - 10 minutes
(See Appendix T.A.)
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5.0 CLOSURE CONEFIGURATIONS

During the study period five closurc concepts have been developed to a
first level of definition. Thege include three debrie penetrating or
“push-out” concepts and two debris pit concepts. These are described
4 in the following paragrapks.

The concepts are called closure concep:.s, however, the functional re-
quirements dictdate that the closure design is an integral part of the
facility design in all configurations and the entire acili'y is shown.
A cold lauach, canister empiaced, large solid fuel missile has beer
used as a taseline for facility definition. The requirements for &
system using a hot launch system have not been considered.

The five configurations developed during the study have certain common
features as a result of the interpretation of the envirocoment criteria.
The penetrating or push-out closures are basically a shell design based
on membrane stresses with stiffening and edge reinforcing as reguired.
The debris pit closures include a grid type structure and a modified
shell structure with an exterior shape configured to interface with the
faciiity structure and are concrate filled.

The debris impact criteria as developed in Section 3.4.4 result in a
uniform 15 foot deptn of gravel cover being utilized as surface protec~
tion for all concepts.,

The study is limited to closure concepts and the layout of the facility

is developed only as it is affected by the requirements of the closure

and equipment. The ‘configurations as shown neglect the other facility
functional requirements such as access, maintenance, missile emplace- .
ment, power supply systems, etc., It is assumed that the impact of these
requiremerts would be nearly the same for all concepts and are subordinate
in any event to the very difficult primary functions of survivability and
debris penetration for launch.

The geueral considerations of structural survivability result in factors
which will favor certain configuration features., A smooth cylindrical
cross~section is the best besic configuration, Increased depth of the
closure below grade will minimize the ground shock sucface effects by
providing a confining overburden. A minimum diameter facility neck will
also increase survivability,. 1

The facility configurations are shown as cylindrical structures for maximum
survivability with deviations only where necessary.

Further, the basic facility structure is beyond the scope of this study and
must remain completely undefined. The interaction of closure system com-
ponents with the facility structure is likewise undefined.
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s assotisted with the ctucevts are deve:sp d oniy ta
“ics and are typical ¢f the size and jpe of devices

The lalciing devices illustrated i‘cr‘ exampie, show various wsys which-
trese .a.,ches nay be made. Both shear and compression loaded léatches
are showr and have =imilar load carrying capacity, it is to be noted
inat the iaten loads have rot deer fully evaluated and ‘he iatches shown
for the closures may ncl withstand the maximum corditions that can be
postulated. Thlc 1s however, consistent with the w.certainty of the
basic structirsl ~upabii‘ Wy of any member ir the extreme shock environe
ment, . -

4

Tue requirements for suppirting emcs of the mefcr components independentiy
a3 shown on the ugures, and for supperting debris shield sections by
tension menbers from the facility wall are fundamentel under une extrems
corditicns and are typical of the ies*gn requirementz. Jhe resulting come
plexity ¥ numerous latching devices, guide rails, ard vearing blocks tc

rry coppressive reacticns inic "e faciiity struciure, are also typical
b the design rejquirements

A suspensioun system cenfiguration has veen assumed for the missile canis*erJ
and t.is has been used in a.u. five soncepts, The missile suspensfon. 33‘8‘!:_
is assumed tc_be an € point cab.e suspersion symmerrical about the G.G. cf
the assembl Tﬁ:reemrsew this suspens ich has nut beer. evaluated and
is only aaswned o be witkhin the nominal 72 irch raitle space provided., 4
pneumatlle spring system ls postulated naving a numﬁnal 3 g rssponse, Ihe
spring auits are mounted on the missile canister {or Turust Structure in
Section 5.3) and reintorcing rings and catie guides are providaed &t the
desired suppers iocaticns. -
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5,7 DEBRIS PENETRATING CLOSURE CONCEPT : }

g

This ¢losure concept is tha deve.opment £ the ovasic "brute lcres" penetra=
tion of a large quan+tivy of Jetris Irem Lhe sped’lled altacr criterla

he basic requiremen ¥ STessu e 3pace, debris a slation
The basic ir ts fur overpgressure, rattl ce, debris accumulation,
and an assumed r'lycut ciearance dlemeter result in a ccrliguration as shown
in Figure 5.1=1,

The rajia. space reguirements for detris shields, actuating cylinders, and
Jlyout cliearance rasuit in e diameter at tne closure which is very clesa to
tae basi® facility Jjiameter, Accoriixgly, tlie silc 1s configured as a
c.ntinucus diameter ctructure up to the closure, with wune debris shie.d
assembly and hydraulic actuating- *y;*nders loecated Jdirectly btelow the mair
closure assenbly T!. missile and cunister are located below the closure
actuvater components on a suitable suspension system. At the botton ¢f “he
. facility the hydraulic power system is installed.
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5.1 (Continued)

To launch the missile, the main closure latchés, the thrust ring latches, and
the debris shield latches are released, and the solid propellant gas generator
is fired to pressurize the hydraulic fluid reservoir. Hydraulic pressure
raises the closure and attached debris shield section. The hydraulic control
system will regulate the rate of rise and a level sensor system wiil control
the pressure in each cylinder to equalize the relative displacement between
cylinders and compensate for uneven loading conditions. As each stage of the
debris shicld reaches its extension limit epring loaded up-latch devices
engage to lock the sections together. When the maximum height is reached,
the hydraulic pressure is bled off and the debris shield assembly supports
the closure assembly.

The flyout closure is then unlatched and the linear actuators open the
closure 90 degrees. The envirommental cover on the missile canister
remains in place to protect against the loose debris which will fail as
the flyout closure is raised. When the closure is in the full open posi-
tion the canister envirommental cover is opened and the missile may be
launched.

CIOSURE ASSEMBLY

The silo closure is a two-part assembly consisting of a primary closure for
debris penetration and a smaller flyout closure. The two closure approach
is used to eliminate the problems associated with the opening of a single
massive closure for flyour, The primary closure is a truncated conical
structure of two 8 inch thick steel shells separated by webs with heavy ring
sections at the inner and outer edges to reinforce the edges and carry the
latching devices. The nominal O. D. is 28 feet and an inner diameter of 16
feet 8 inches provides a nominal 15 foot flyout clearance and radial clear-
ance for the flyout closure actuators.

The entire closure agsembly is restrained against dynamic loads by hinged
compression latch bars which engage a latch receiver in the facility wall
structure, Twenty-four latch bars, having an$8 inch by 30 inch nominal cross
section are provided. Each latch bar is individually operated by a motor
driven screw jack.

The flyout closure is configured as a 6 iach spherical shell with an edge
reinforcing ring which also carries the latching devices. The closure is
hinged for opening and is operated by two screw type actuatorr. The closure
rotates 90 degrees on opening and stands vertical in the open position.

The closure is provided with 24 latch bars of 4 in. by 10 in. cross section.
The latches are operated by individual screw jacks similar to the primary
closure latches.

The primary closure is providec with eight thrust columns which interface
with the thrust ring for push-out. An interface is provided by a resilient
or crushable member between the thrust ring and closure assembly to allow
relative motion between the components during dynamic loading.
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5.1 (Continued) ‘2

THRIST ASSEMBLY

The thrust assembly coreists of the thrust ring and the hydraulic cylinders.
The thrust ring is a plate weldment nominally 24.5 fee” ocutside dismeter, 15
feet inside diameter ar.' 18 ipn~*2g deep. The ring tiee together the eight
hydraulic cylinders, provides the interface with the closure thrust columns,
and provides support for the upper end of the cylinders during dynamic loading.
The contiguratiocn of the ring is such that the upper surface provides a work
platforn for access to the closure actustsrs and latching devices.

Twenty-four shear type latches are provided on the thrust ring to provide
vertical-up restraint for the thrust ring and the hydraulic cylinder sectionms.
Vertical-down reactions are taken by the cylinder sections bottoming in the
cylinder. Bearing blocks are provided around the outer edge of the thrust
riag to provide horizontal suppert during dynamic loading.

The thrust ring is actuated by eight 30 foot long hydraulic cylinders having
four sections to provide a total extension of 79 feest. The cylinders have a
maximum stage diameter of 30 inches and operate at a mwaximum pressure of

7,100 psi to provide approximately 40 million pounds of thrust for debris
penetration. An intermediste support ring is provided approximately 9 feet
below the top of the cylinders to minimize the lateral end reactions amnd to
provide a support structure for imstallation. The cylinders are tied together
by a large ring structure and horizontal reactions are carried through the
debris shield assembly by compression bearing blocks on each shield.

The lower end of the cylind-rs rests on heavy brackets which are to be
integrated with the facility structure.

MJEBRIS SHIELD

The debris shield assembly consists of four concentric shield sections each
approximately 32 feet long fabricated of 1 1/2 inch plate. The largest
shield is 24 feet 4 inches O, D. and the nominal spacing is 5 inch. The
inner shield is attached to the thrust ring and is carried upward with the
thrust ring for push~out. The inner shield alone raises until there is
approximately 12 feet overlap with the next shield. At this point the two
sections engage and the inner shield pulls up the next section. As the
closure raises the other shield sections engage and lock together to form

8 cylindrical structure which can support the closure assembly when hydraulic
pressure is relieved. Bearing blocks are provided at the upper and lower end
of each shield section to transfer the radizl compression forces which occur
from dynamic loads and from side thrust due to uneven debris distribution
during push-out.

The debris shield assembly is designed to withstand horizontal dynamic
loadings by supporting the relative thin wall shields on a guide rail
system which is attached to the facility wall. Radial inward loads are
taken by the guide rail system in tension and radial outward loads are
taken by the rail system and the bearing blocks.
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5.1 {Continued)

Vertical dynamic loads require that each debris shield section be indivi-
dually restrained by latching qﬁvices. Eight shear type latches are
provided for each section and these are Jocated at the lower end of the
shie}ld between the base c. the hydraulic cylinders and the supporting
brackets.

HYDRAULIC SUPPLY SYSTEYM

The hydraulic supply system is located at the bottom of the facility and
consists of an integral baffeled fluid reservoir which is directly
pressurized by a soliGc propellant gas generator. Hydraulic actuation is
provided to insure control during pushk-put and a gas generator is utilized
as the only available power source which will produce the high horsepower
required for penetration and launch in a short time.

The tant ba’l.ing is nominally a two foot cubical grid of “=%/< inch
steel plate. The fluid quantity required is approximatelv 33,000 gallons,

The gas generator contains an estimated 190,000 pounds of propellant and
is configured as a pressure vessel integral with the fluid reservoir with
the propellant grain assembly shock mounted within the vessel.

5.2 DFERIS PENETRATING LAUNCHER CONCEPT 1

This concept develops the basic idea of attaching the missile canister to
the silo closure and debris shield and pushing the entire launcher through
the accumulatad debris from the assumed attack. The advantages of this
concept are to eliminate a complex telescoping debris shield assembly and
to get the missile canister nearer the surface to eliminate the problem of
ejecting or flying the missile 200 feet to clear the flv~-out opening.

The resulting configuration is shown in Figure 5.2-1. The launcher consists

of three basic sections. The first is the silo closure, the seccond is the
inner cylinder structure with the attached missile canister, and the third
is the thrust ring and hydraulic actuator assembly.

In the launch sequence, the hold down latches of all sections are released
and the hydraulic actuator assembly raises the entire inner cylinder
assembly and closure assembly with sufficient force available to push
through the granular ghield material and the accumulated attack debris,
After the assembiy is latched up, the fly-out closure is opened for launch.
The canister cover remaing in place during closure opening to protect the
missile from loose debris which may fall during opening.
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5.2 (Contimed)
CLOSURE ASSEMBLY

- a
The pilo closure is ¢ two-part sssembly consisting of a main debris
penetrating closure snd a smaller flyout closure. The two closure approach
is used to eliminate the problems associated with the opening of a single
massive clesure. The main closure is a truncarted conical structure of two
- 8§ inca thick shells separated by webs with heavy ring sections at inner and
outer edges to reinforce the edges and carry the latching devices. The
nominal 0. D. is 31 feet, and an inner diameter of 15 feet provides the
necessary 13 foot flyonr envelope and radial clearance for the fiyout
closure actuators.

The entire closure aissembly is restrained sginat dynamic loads by hinged
coupression latch bars which engage a mating latch receiver in the facility
wzal structura. Tweuty-four latch bars, having an 8- x 30-inch nominal cross
section, are pravided. Each latch bar is individually operated by a motor
driven screw jack.

A thrust structure is previded below the inner surface of the missile™
conical shell to provide an interface witch the inmer cylinder during pushout.
A positive clearance is to be provided by a resilient or crushable layer to
allow relative motion between the componeats during dynamic loeding.

The flyout closure ig configured as a 4 inch thick spherical shell with en
edge reinforcing ring which also carries the latching devices. The closure
is hinged for opsaing and actuared by two screw type actuators. The closure
is rotated 90 dagfees on opening and stands vertical in the open position.
Twenty-fout bar type latchsc 4 in! by 10 in. cross section are provided to
restrain the closure during shock loading. The latch bars are actuated by
screw type jacks similar to the mair closure latches.

USE FOR TYPEWRITTEN MATERIAL ONLY

INNER CYLINDER STRUCTURE

This section consists of a 24 foot 1.D. by approximately 112 foot long
cylindrical structure which is mounted on guide rails attached to the silo
structyre. The missile canistcr suspension is attached to the inne~ wall
of the cylindrical structure. The structure consists of 1/2 in., inner and
outer sheets with stiffeners to form a shell 6 in. deep. The structure is
supperted radially by contisuwous vertical guide rails on the wall of the
facility. The rails support the structure in tension during dynamic loading
to prevent an inward collapse.

The inner cylinder assembly ie independently supported vertically by latching
devices at the upper end, lower end, and the center. Thirty-two shear type
latch members of approximately 5 in. by 36 in. cross section are required.
Lateh configuration has not been defined in the study.
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5.2 (Continved)
THRUST ASSEMBLY

The thrust assembly consists of a thrust ring, the hydraulic cylinders

and the hydraulic power supply. The thrust ring is approximately a 27 feer
0.D., 19 feet 1.D., 3 foot thick welded plate fabrication\vhich ties together
the top of the hydraulic cylinders zid provides the interface with the cy-
Iindrical structure. Bearing blocks are provided ra the facility wall to
carry the guide rails. There are 8 latthing ddvices provided to restrain

the thruat ring and the upward reactions 6f the hydrsulic cylinder sections.
The hydraulic cyiinder downward reactioas ars carried by bottoming the
cylindar sections within the cylinder. A positive clezrance is to be provided
by a resilient or crushable layer tc allow relative motion between the
compenents during dynamic loading, 3

The thrust ring is actuated by eignt 30 foot long hydraulic cylinders having
foyr sections to provide a total extengion of 75 feet. The cylinders have

a maxinum stage diameter of 30 inches and operate at a maximum pressure of
7,100 psi to provide approximately 40 million pounds of thrust for debris
penetration. The hydraulic power supply consists of an intsgral baffled
fluid reservoir which is directly pressurized by a solid propellant gas
generator. Hydraulic actuation is provided to insure control during push-out
and a gas generator is utilized as the only available power sourcez which

will produce the high horsepower required for pemetration and lausch inr a
short time period.,

Approximately 16,000 1b. of propellant and 33,000 gallons of fluid are
egstimated to be required.

The tank baffllng eonsists of approximately 1-1/4 inch thick plates in

a two-foot cubicas grid. The gas generator is configured at a pressure
vesgel integral with the fluid reservoir with the propellant grain assembly
sheck mounted within the vessel.

5.3 DEBRIS PENETRATING LAUNCHER CONCEMT II

This concept is designed to use: the smallept possible surface opening and
closure diameter in oxder to minimize push-ecut force requirements and to
increase the survivability of the basic g#ilo structure. This is accomplished
by utilizing the missile support structure as the push-out member, with a
hudraulically powered thrust platform providing the necessary thrust.

This configuration is illustrated in Fig. 5.3-1. In order to use the

saallest diameter silo opening, the thrust structure is made to fit closely
around the missile -canister (a cold launch system is ths most compatible
with this silo concept), and this- entire assembly is oulyanded within the silo
to provide the necessary dynnmic clearance envelope. The push-out asscmbly

is configured iv 3 sections which are separated by the required clearance

for shock survival. The first section congists of the silo closure and the
debris penetrator upper structux<. The second section {s the canister aad
thrust structurs assemlily. The third section at the bottom of the sile, {s
the thrust ring and hydraulic actuator assesbly.
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5.3 (Continued)

In the launch sequence, the thrust platform raises appreximately 15 feet

to engage the lower end of the thrust structure. This combined assembly
continues to raise, removing the load from the suspension springs. When
the springs bottom out, the cables are separated from the assembly by a
release fitting and fall to the side of the silo. The assembly continues

to rise and the thrust structure engages the upper section of the penetrator
with an overlap of approximately 1G feet. At this point, the closure is
unjatched and the assembly is pushed through the debris to a fixed height
and is latched in place. The clamshell closure is opered and the missile is
ready for launch. The envirommental cover iz to be carried out with the
miskile and separate by an unbalanced dynAmic pressure or a small thrust device
soon after launch.

UPPER SECTION

The upper section comsists of the silo glosure and debris penetrator upper
structure. The components are individually secured against dynamic loads
but of necessity have functional interfaces in the hinges, thrust structure,
and actustor linkages.

The silo closure is configured. as an ogive shaped body of revolution 6 inches
thick, with a minimum slope of 40° to insure debris fall off after penetration.
The -closure is split vertically for opening and is actuated by 2 linear
actuator which may be hydraulically or gas actuated. The closure halves are
to be keyoed together and latched in the closed position. The circumferential
reinforcing ring at the base of the closure carries the closure latching
devices and is kcyed into a receiving groove in the facility. The latching
devices are the compression bar type with screw jack actuators. Sixteen
latches having a2 6~inch x 16-inch c¢ross section are provided.

The debris penetrator upper structure consists cf an outer shell and eight
wide flange beam stiffeners with rings at the top and center to maintain
shape and provide interface structure. The lower half of the cylinder is
désigned to overlap the upper few feet of the mating thrust structure to
make a bayonet type point for pushout. The nominal 12 inch depth will allow
space for lid actuators, locking devices, etc.

The upper structure is provided with a separate latch system designed to
support the structure under dynamic conditions. The interfaces between the
closure and this structure must have sufficient play to accommodate the
relative motion between the components,

THRUST STRUCTURE

The second section of the assembly is a structural container for the missile
canister yhich is suspended within the silo to provide shock isolation

for the missile, The structure is similar to the upper structure, consisting
of 3 shell and wide flange stiffeners nominally 12 inches deep. The shell,
however, is on tha inner diameter to provide the mating half of the 'bayonet”
jcint and to allow suspension attachment. The inner diameter is approximately
6 inches gresater than the migsile canister outside diameter, with a two
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(T' . 5.3 {(Continued) ’ -

location interface, so that deflection of the structure during push-out will
_nut strain the missile canister.

ey

The suspension system, as shown, is assumed to be an eight poiat cabhle
suspension symmetrical about the C.G. of the assembly as described in
Section 5.0. The spring units are secured to the structural cage, for
this concept, with ring stiffeners and cable guides at the desired support
locations.

7o provide release of the suspension during push-out of the assembly, a
release fitting is defined which will actuave when the pneumatic spring
is retracted to the lower limit. The cable is released and falls to the
side of the silo.

THRUST ASSE!BLY

The thrust assembly is located at the pottom of the silo and consists of
the hydraulic actuators, a large rail guided thrust platform, and the
hydraulic power supply.
The thrust platform is an assembly approximately 25 feet Q.D. by 13 feet
i.D. and 8 feet deep fabricated of welded 1 inch plate. A ledge within the
,.D. interfaces with the lower end Jf the suspended thrust structure when
the platform is raised for push-out. The platform is actuated by eight
four-section hydrazlic cylinders approximately 45 feet lomg having a
maximum stroke of approximately 111 feet to accomplish debris penetration.
The cylinders are approximately 30 inch maximum piston diameter and operate
at approximately 3,600 psi to provide a total push-out thrust of
20 million pounds.

The platform is guided during push-out by eight guide rails which run the
full length of the silo. The guide rails are designed to be loaded in ten-~
sion to minimize any jamming tendency should the cylinder thrust become
unbalanced.

USE FOR TYPLWRITTEN MATIUAL ONLY

The thrust platform is latched at eight locations to accommodate dynamic
loads, the latches being designed to restrain the upward movement of the
hydraulic cylinders in addition to the thrust platform. DPownward reactions
of the hydraulic cylinders are taken by bottoming. At each latch location,
a bearing block, is provided to restrain the thrust platform radially and
prevent the guide rail bearings from being loaded dynamically.

The hydraulic power supply consists of an integral baffeled fluid reservoir
which is directly pressurized by a solid propellant gas generator. Hlyvdraulic
actuation ig provided to insure control during push~out and a gas generator
is vtilized as the only available power source which will produce the high
horsepower required for penetration and launch in a short time period.

Approximately 33,000 gallons of fluid and 8,000 pounds of propellant are
estimated to be required.
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5.3 (Continued)

The tank baffling consists of approximately 1-1/4 imch thick plates in a
2-foot cubicai grid. The gas generator is configuved as au integrally

-wounted pressure vessel similar to the foregoing concepts.

5.4 DEBRIS PIT WITH SLIGDINCG CLOSURE

This debris pit concept presants the least complex closure developed during
the study. The sliding closure requires no survivable actuating system or
pcower supply except a small gas generator to operate the latch devices and
the single section debris shield.

The closure system as shown in Fig. 5.4-1, consists of a primary blast closure

to withstand the peak overpressure, a secondary closure which can withstand the
impact of the loose debris as it is deflected into the debris pit and a single

section debris shield which prevents loose debris from falling onto the

exposed missile after the facility and canister are open for launch.

The closure consists of a dome section ®f 4 inch thick steel and enclosed

with a 2 inch thick cover, a 1-1/2 inch thick bottom and 2 inch thick sides.
It is intended to withstand the blast overpressure, but on command the latches
can be released so the closure will slide down the ways into the debris pit by
gravity.

4
. The debris shield is a steel ring stiffened with structural i Sections.

It is actuated by three gas operated cylinders.

The secondary closure keeps tie silo closed while the debris is discharged into
the debris pit. It is then unlatched and slides down the ways into the debris
pit by gravity. )

After installation of the missile, the deilector is palled intc place by a
cable from an external power source and ilatched in place. Then the closure
is pulied into place by the same power source and latched.

In the dormant or stand by status, the ciosure and deflector are closed and
1atched the debris shield is retracted and the cavity above tae closure is
filleu with a granular material such .g¢ coarse sand or small gravel.

To open the silo, the sand is removed, a cable [rom an external power source

is attached to the closure, and an external source of gas at snfficient pressure

is connected to the latch cylinder control valve. Sufficient strain is then put
on the cables to remove the load f{rom the latch, The laten is then released.
Tne closurxe is allowed to slide down the ways to the full open position and
locked. The cable is then removed. The secondary closure is opened by the

same procedure.

To open the silo for launching the missile, the closure latch is released.
This is done by high pressure gas from a generator acting on the latch control
cylinders. The closute then slides down the ways to the end of the debris pit.
The sand and rubhble above the silo opening then flows down over the deflector
and into the debris pit.
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5.4 (Contimed) N —

The debris shield is then exterded by the hot gas operated cylinders to
X prevent loose rubble from rolling down into the silo. The secondary
s . clomire is then released and slides down into the debris pit prior to launch.

5.5 DEBRIS PIT WITH KINGED CLOSURE

This closure is a second version of the basic delris pit coaccpt proposed
for the study. The concept as shown in Figurz 5.5-1 consists. of a primary
b&ltt closure which is hinged to swing inward, a secondary closure to deflect
the. faliing debrie imto the debris pit, and a single section debris shield

to prevent additional loose debris from feliing on the exposed missile after
the facility is open for laurch.

The debris shield i3 8 steel ring with an inside diameter 15 feet. The
shield is stiffened by rings and longitudinal members, It is elevated by
three cylinders operated by gas fror a hot gas generator.

“he closure 1s an orthogonal grid structure covered top and hottom acd on
the edge -y steel plate. It is hinged to the silo structure sc it will

. swing dovn o onen the silo. It is controlled and closed by a strut and
3 trolley roving aiong guides mountzd on each side of the sile. The trolley
18 driven by a gas turbine through a geay train and. rolier chain. The
‘door is ield closed by latches engaging the silo watl.

_The secondary closure deflects the debris into the debris pit after the
cloghre 18 opened. It is hinged at the lower end so it can be raised up
to e¢loar the silo by two cylindere opq;ated by a gas generator or by an
external power source, After The missile is Installed, the secondary
closure is closed and latched in place. The mnin cloaure is closed by gas
supplied to thie turbine from an external source.

USE FOR TYPEWRITTEN MATERIAL ONLY

The closure is then locked in plsce by the latches which engage the silo
wall arnd the space above ¥illed fluch with the ground with a granular material
. cuch as coarge sand oo small gravel.

For maiutenance the sand ig firast removed. This can be done by pumping

or by a clamshell bucket ard crane. The closure is cpered by moving the
trolley towards the driviug motor. The closure can then be opened wide enough
8o the secondary closure will clear the silo opening.

- L - - 1 N
RV S S A
b I
b

To open the silo for laurching th: missile, the latches are first released.
The trolley is then moved away from the motor allowing the deor to swing
down. It ie then pushed to the full open position. This allows the debris,
up to )5-foot diamater boulders, to slide down the sesondary closure iato the
debris pit. The debris shield is ther raised preventing any more debris from
rolling into the silo.

The gecondary closure is then opened so the missile can be launched.
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6.0 COST COMPARISOH

The concepts developed during the study have been evaluated for cost on
& preliminary basis. The costing basis has been limited to materiazl quantities
and unit costs to correspond to the level of detail in the configurations.

o

The resulting values are presenced only to illustrate the order of magnitude
of the coste asacciated with systems designed for the enviromment near the
limits of survivability as interpreted for the study. A secondary purpose is
£ served by exposiag the high cost components and systems, which will aid in
defining futur: design concrpts and study objectives.

The cost values nave been devioped on the basis of material quantities for the
major coaponents which are required for the closuve system. ‘The evaluation is
{ iimited to closure associated items and .t is to be noted that the resulting

§ figures are for the closure systems only and not the entire facility., Also,
no z2ttempt hag been made to evaluate other requirewents such as maintenance
equipment, emplacement difficulty, or other launch facility requirements

such as access and security. These factors would affect the system design

but would bave little effect on the major functional components of the closure
aysten,

QS

The three penetrating closure concepts have been evaluated by estimating
steel quantitles for four categories of rfabrication difficulty, and include
costs for excavation, fluids, and the solid propellant power source.

N,

Tte debris pit concepts have been evaluated similarly except that the nature

of the debris »it does not allow a straifhtforward assignment of a cost

figure. The basic debris pit siructure is as undefinable as the facility
structure and a construction cost cannot be realistically assigned.

Accordingly, the debris pit has been evaluated for three possible configurationi
to illustrate the vorianility of the system cost as it depends om the structure
required for survivai. d

N
USE FOR TYPEWRITIIN MATERIAL ONI Y

¢

The cost figures fur the study concepts are summarized in Table 6.0-1 with
a first level breakdown of material categorfes. It may be noted that the ¥
debris handling functions are the sourcz of high cost components with the :
basic closures being a relatively small fraction of the total cost in most
cases.

It must de particularly noted that the penetrating closures cannot be
directly compared with the debris pit concepts because of the limitations
assumed to define the debrig pit size. The debris pit concepts are limited
to a nominal blast overpressure jevel svbstantially below the study design
{ criteria, and cannot be defined for conditions equivalent to the criteria.
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7.0 CONCLUSIONS

7.1 At least one of the closure designs developed will survive all the weapons
effects postulated for this study. The "Debris Penetrating Launcher - II"
(Secticn 5.3) can survive elastically, and its minimal size will place the
least load requirements on the casic launcher, aiding that structure's survi-
vaebility. The other penetrating closure concepts, while feasible, have more
limitations, and greater degrees of complexity.

T.2 The debris pit concept has a lower survivebility due to the debris model
used, It has good potential for lesser debris environments and where unlined
or lightly lined cavities can survive as debris pits.

7.3 The designs reflect clearly that the basic problem for closures at the
limit of survival is not structural survivability, tat debris maenagement. The
indicated high costs are associated with this function.

7.4 The greatest structural problem ds "latching” the closure to the basic
structure in the high acceleration environment.

7.5 While several feasible designs have been evolved, and at least one cen be
considered promising for further developmwent, it is concluded that further
design should not be pursued without additional work in the following arees:

7.5.1 More definitive work needs to be done in the "structure-media interaction”
field, particularly with tespect to acceleration effects. The hasic problenms

of the survival of a cavity or lsuncher structure without the effects of load-
ing from a closure, must first be solved. Tests for resolving some of thesge
problems are now in the planning and , veliminary implementation stages. It is
hoped tkat sound answers to the major questions wvill be made available soon.

7.5.2 Verification of debris environwent is badly needed, since this is a
controlling parameter to which all design concepts are sernsitive.

T.5.3 The severe impact effects shown for a modest size debris particle at a
minimum velocity indicate that considerable work must be done, btoth in defining
the impact criteria and in establishing the design requirements to withstand
the impact.

7.5.4 Push out forces required are so large, that the proposed actuation
systems are inefficient and at state-of-the-art limits. Actuation systems and
pover sources must be developed %o perform this function economically before
further closure design refinements sre pursued,
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X! JoE :
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21ly détermined fagtor for larger oarcic (Reference 6)

sizes.,

[
o]
[o
Ui
,*
1’4]
vy
y.1
(1}
3

‘U);

ented b“ a td.ee favto" formula as .

1ifsing force.

Figure I-A-2 ‘for a probabiil

o
v“\
«

i K § penetration of grester than 97%.
g I ror the wwo cases ander consideratvion, the values are asﬁfpllcvsg
5 ! Ha Ea* M Nz |
4 Penetrator DebrAs Overburden From Fig.. K c
. ‘Radius Deg@h Weight - 1b. I-A-1 s
Case T X150 36! 3,050,000 2.b 5.7 1,000,000
b Case II. 7.5¢ 36! 762,000 bk 5.7 19,000,000
i3 The value of Ny is dependent on the debris particle size and a nominal valuc ;
‘; of 8/Ry of 2 has been used.
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— : ‘ ' NUMBER ppe125498a1
REV LIR A T

B) Debris Iupact

The effect of a large debris particleiigacting in o luanet
1

estimated on an impulise basis as suggested in the referenced paper. (Ref, 1)
js & 3 i

v

The particle is assumed to arrive with a vertical veloclty

assumed %o be stopped within a short distance Jegending on the deformation-

of the particlie ané the displacement of the impacted object.

The event is evaluated by equating a pressure zulse to the rate of change
cof impulse:

where p(t) = pressure/time functicn end

I

impulse = m AV

m = particle mass per unit area
AV = change in velocity

Equation {i) mey be rewrii‘er
1 =jd1 =jp(t)dt = m AV
If p (%) {5 assumed a triangular pualse as shown

jp(t)dt = Poet (3) . F
i plty

Combining eguation (3) and (0},

oF

AL

n AV = fﬁ.At cry P, o= ?.m_é_‘{ (%)
2 Ot . ‘

This is the equation used tc evaluatk® a equivalent peuk pressure pulse from

the impact event.

ZTacility has been-

component and is

LN bk e T

Y.

T
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2
-1 For the present problem as a first estimate, s sphnerical particle is
assumed to impa~t on a rigid surface and geforw inio 2 flat configuraticn

of equal diameter as shown.

Assumed conditions are as follows:

Particle dia., D = 15°

deight density X; 170 1',,/f:_3

Vertvical velccity component V. = 300 fps

1
The value ot Atis evaluated by assuming an average velocity of AW/ over

the totsl distance of deformation, Ah. (Compressicn of the impacted curface

To eveluate AR, a cylindrical volume is set equal uvo the spherical volume
et 4

and difference in ceatroid heights is used.

3vherical volume;
L/3 Trg3
(5/2) () (1.5)° = 1610 123 .

also W = (lol0) {170) = 275,000 1v.

v

USE FOR TYPERWRITTEN MATERIAL ONLY

v

Cyilndrical Volume;

VvV = o = :
: ‘ ’%‘ 32I'| =AMy A =176 ft.2
) H=Y= 1600=09f¢
- ALIR
'
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-
.
s

Av = 2An . 2 3.0) “"= 050 sec, )
. Av 300 <0 "

Rewriting equution (&) using

AT AT

S
oy

m:!‘__;
P
PIII:"‘N

av———tn—

gr A

copvsion

A

<

LY

Evaluating

Pm o= (2) (275000) {300) = 1,455,000 1b/ft”
(32.2) (176 1.000)

Pm = 1455000 = 10100 psi equivalent
L%
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' APPENDIX I WEAPONS EFFEETS

. ‘Debris Pit Cspacity

The nominal capacity is the vciume

Ay = Base area

in a receiver of the sam: diametey ‘4

of debris which can be accotmodated 1 \&\ \ \\ "‘

T A} = Top Area

end maximum depih as the launch

facilivy. This is V1 on the Figure,.

‘The nominal capacity must be reduced

by the overburden above thie closure

to obtain the net debris capacity.
Vy = Nominal capacity = 'g (:*) 27108)

53,000 cubic feel

.= Overburden =

<3
n
1

<3
no
it

4,400 cubic feet

<
()
[}

= Debric volume = VL - V2

vy = 48,000 cubic feet

Also

V3= 3 h(A“"Az"’ mz)
AZ’IUS) "‘77 FT?
A,z (Dn (szZ. tane)

A plot of' h Vs,

assumed will accommodate 23 feet of debris.

volume is shown on Figure I-C-2, This

108:

Pigure I-C-1
DEBRIS PIT CAPACITY

indicatec the pit
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2 A. Opersting Pressure

v E

s 7
2

The tstal force reguirement is O x 10V gounds maximun, to te provided by

eight cylinders.

Load per cylinder, W= L0 x 106 =5 x 106 poangs.

PR AR AT R o

1 gns ¢ e
..
b EE LN

o
Ty
22

Using a2 30 inch maximum stage diameter, the reguired pressare will be .
) 3 -3 > »

—

"'A:’# z=7 L2 5
? L d 707 in }

=
ft
=gk %
IR SRR

ke

'
H
R
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7
5 % 18° = 7100 psi
707 -

Yyee

E. Reservoir Volume

b s T i ™ G

Hydraulic Systems have £ cylinders with
v

SRR

I P NOT PR SRS ) DTt

patievgvenieg
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Jolume of one cylinder
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APPENDIX. YT1:-= CLOSURE. LATCH-LOADS

e

Assume latch bar acts in direct
compression to react load at
1000 .

Closure Weignt; W = 570,000 lbs.

Total Vertical Reaction

PT = (570,000)(1000) x.5.7 x. 108 1b.

Using 2L latch bars the nomingl load per.
latch is ’ .

- x‘l.O = 2,38 x 107 1b. vertical

A

Latch Normal Load at 15° Inclination

. .,“' 7
Fo, 2380 506 x 107 1.

N * Ty

Latch Bar Area (£" x 30")

A w 8x30 = 240 in°

Compressive Stress

Fy 7
S = N . 286107 . 302,000 psi
Pl -l

A) Large Closure Latch (large debris penetrating closures)

< Closure-

Latch .Ba;,,Conﬁiiguratioﬁ

U3 4200 2001 ORIG, 565

A

|NO. De<125k99-1
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B) Smal) Closure Latch (small debris penetrating closure)

“-Assume lateh bar acts in direct compression
to react load at 1000 g.

Closure Weight W = 118,000 1v.

Total VYertical Reaction

Fp o= (1,1:‘3,000) (1000) « 138i16° 16.

o

4
e et e,

Using 16 lateh bars the nominal Joed
per latch is

ly oty

v = -———1%-—— :7.13- X 10~ 1o,

Latch Normal Load at == 20° . )
inclination Latcn Bar Ccnfisuration

“
et € ws amant o LA

NS
F“ - 7‘:’*:»&.00
XN rrany

= T.9 X 10° 1v.
a8, 20°
Latch Bar Area (6" x 16")
A w 6x16 a 9 in.2

Compressive Stress

Fy 7.9 x 10°

S # T = T 82,300 psi

]
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& - APPENDIY. IV - COSTIRG BASIS .

he following sheets summarize the first level cost estimates made

for the siudy.

The cost estimates are based on material weight and unit costs.

K Closure systen compenerts only are considered tc a level of detail

¥

MEIONS

comparabie to the developed designs.

<,

)
b

E & . . . . : <

2 - ‘Tae majority of the fabricalion is of steel and the system compo-

& %

kS z . - o . 'Y *
- c rnents have teen cghegorized for four unit prices as follows:

i <

E: o

7 ., S .

. < Category 1 = Precision Macnined critical itenms

E z .

- C) g &% .00/Lb.

s &

&5 s Category 1I - TItems generally machined but non-

- z

k7. « eritical fit or finish

b $1.50/Lb.

g w .

;.- 3 g 3 -

- Category 111 « Primarily welded fabrications with

. .

= 1 some nopeprecision machining (closures) :
. . $1.00/Lb.

3 Category IV - Welded fabrications of high strength

3 steel requiring Little or no machining.

3 o ' - - N N N

E - $0.75/Lb.
k. The debris pit concepts have been estimated far three 1iner possidie
B

f lities to iilustrate the relative effects o1 the required structure
R : for survival.
SHEE: 154
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APPEnsz, W (Cont'c) ] 7

: A) Debris Penetraiing Closusa .
a Total Category

Weight _ Or Unit Cost

Component Pourds . Cost Dollars g B

. :;' N
3 . Closure 567,000 111 5675000 =

Hydraulic Cylinders 3€0,000 1 1,4k0, 000 I

Welded Fabrications :
4 Sas Generator ) 120,800 w {
3 Fluid Tank Baffles 335,000 v B
c Debris Shields 579,006 v -
& Shield Support 7,500 v 995,000 .
- = > Reinforcing Ring 10,900 v :
4 z Flatform 80.ko0 v
3 2 Brackets 152,000 v ;
-, &x
3 E Machined Fabricatiorns , %
be = i . 3
E & Latch Actuators 20,800 1 83,200 | .
( ) £ Latches = Thrust Ring 78,000 I 117,000
3 S Debris Shield Rails 16,000 1 252,000
o Debris Shield Latches 103,000 II 154,500
x

b

w

po ]

Excavation - 3700 Cubic Yards $70/CY 259,000

R Rmpcow by

Gas Generator Propellant 16,000 $ 5/Lb. 80,000

- ;

3 Hydraulic Fluid - 33,000 Gallons $.50/Gal 17,500 ;
3 ¢ 3
; 3
3
3 3’965:200 3
.v ‘3
EEd

g

t, ) :i
J 3
8 :

g

ERSRESS ot ny
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USE FOR TYPEWRITTEN MATERIAL ONLY

B) Debris Peneiratirns Launcher - I

Total Category
deight Or Unit
Component Pounds Cost

Closure 570,000 I1I

Welded Fabrications

Gas Generator 120,800
Fluid Tank Baffles 335,000
Cylindrizal Structure 400,000
Thrust Ring 0,000

234

Macniped Fabrications
Lateir Actu tors 20,800
Thrust Ring Latches 78,000 11
Cylindriecal Str. Latches 58,000 11
Guide Rails 159,000 11
Hydraulic Cylinders 396,000

BExcavat.ion « 4000 Cubic Yards $70/CY
Gas Generator Propellant 16,000 $ 5/Lb.

Hydraulic Fiuid - 33,000 Gallons $.50/nal

Cost
Yollars

570,000

701,800

83,200
117,000
102,000
253,500

1,58%,000

250,000

17,500

3,789,000
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C) Debris Pepetratinz Launcher - II

gpmggnent

Closure

Welded Fabricetions

Gas Generator
Fluid Tank Baffles
Upper Structure
Thrust Ring
Thrust Cage

tch Brackets

Machined Fabrications
Cuide Rails
Latches

Hydraulic Cylinders
Closure Actuasors

Gas Generator Propellant

Total
Weight
Pounds

118,000

60, 400
335,000
bk, 700
126,300
135,000
12,800

114,000
57,600
330,000
6,400

Excavation - 4200 Cubic Yards

8,000

Hydraulic Fluid - 33,000 allons

AFPENDIX IV (Cont'd)

Category

Or Unit
Cost

Cost
Dollars

11

433334

1T
II

$70/CY

$ 5/Lv,

$.50/Gal.

118,000

535,600

171,000
85,700
1,320,000
26,400

294,000
10,000

16,500

2,608,200

N
il il

£y

Sannhe

S escamin @ o Wataindety i &
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O 14
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APPENDIX TV (Con%'d)

2
$)2

455

- D) Debris Pit with S)iding Closure

B gt

N er gy A

Sy

i

3 : Total Cat_;egory
i 3 ) Weizht Or Unit Cost
Components Pounds Cost Dollars

-

Closure 117,500 IIX 177,500 :

Secondary Closure 30,000 11X 30,000
Guide Rails - 7.,000 I 106,000
Debris Shield 11,000 v 8,200

Latch Assembly 9,000 1 -36,000

USE FOR TYPEWRITTEN MATERIAL ONLY:

Excavation = 4800 Cubic Yards $70/CY 336,000

.

.

Debris Pit Liner Alternates - 11,690 Ft2

1) Rock Bolts and Wire Mesh $2.00/w¢? 23,360

1. 2) 1 In. Str't‘l Liner 468,000 v 350,000

3) % In..Str't'l Liner 1,870,000 v 1,400,000

Total Cost-Liner 1) $ 717,080
1 ' Total Cost~Liner 2) 1,043,700
' Tobtal CcsteLiner 3) 2,093,700
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E) Débris Pit vith Hinded

Comgggent

s oy

-

Clospre

Secondary Closure

Hinge Assembly

Actuator System

Debris Shield

Latches

Latch Actuators

Total
Weight
‘Potinds

375,000

30,000

2k, 000

11,600

11,000

44,800

3,200

Excavation = 4800 Cubic Yards

Debris Pit Liner Alternates - 11,600 Fo2

1). Rock Bolts and Wire Mesh

2) 1 In. St'r'l Liner

3) 4 In. St'r'l Liner

468,000
1,870,000

Total CosteLiner 1)

Total Cost=Liner 2)

Total CosteLinér 3)

Category
or Unit

I11
I

11

II

$70/CY

$2.00/Ft8
v
v

$ 934,960
$1,261,600
$2,311,600

Cost
Dsollare

375,000
30,000
36,000

L6,400

23,380
350,000
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