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Chaptey I 'Intmiuct.io:a

1.1 _ObJOOﬁVQG_
Thls report sucariced the rosults of a prelindinary study

to dotoriine tho alvantares, disatventa;es and estinated construction
costs of scveral types of blast resistant sheltors for the 370 Aircraft
exd its ercw. thile the blast rcoistant aspect of the structure is of
prine inportanco, the effoots of nucleer radiation and spred and
facility of placin: the aircraft in cporational readiness are also cone
eldered ,

It 1s assuncd that tho alert hanrars will be dispersed
throughout the instellation with a reco. .emdel ninl:ua spacing of 13000
foct. Sush a Aigpersal would] niini—ize the n:ibar of hancars destroyed
by any sincle 20 &t nucloss veapon ond et the sate tire, with proper
orientation would allew a ~ore econonical dosiin of the blast doors
vhere requirnd,

Several schones varyin: in structural shape and nechanical
operation are considored, These schaies are describad in Chapter 2,
Personngel shelt-rs are also provided for tha erew of the Mrcréi‘t, end
are described in Chopter J.
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1.1 Desjrn Dlast loa's
1.2.1 Oeneral

The dosign blast loadins are besed on a peak inci-‘ent preca re
of 200 pel produced by 20 ™% wogpon (duration = 2,05 gec). Tho response
of the nain structurcs istaken 63 1.0 due Y0 tho long duration of the
loadins, llancar blast doors are designed for naxi-u elastic defornation
wder a poax refloctod presowre of 12C0 pei and a ma})onne of 2,0 and &
posk incident pressure of 200 psi and a respanso of 2,0,

Tho foundation 80i) presswros ohtainad exceed the ulti-ate
boaring cepaocities of most eoils. ‘lowever since the adjacent soil will
also bo sutject~d to those hith pressuwres over a larpe arca, the
differmtial settlement betwoen the structure and the adjacent soil will
probably be considerably less than the ahcolute sottloent of the entire
arod,

Cn vertical walls of unler,round! structuwres, where tho
water table 15 10 fect or nore telow the swrface of the ground, the
horigontal blast=inducod pressures are taken as the followins percenta;cs
of the p-ak incilent pressi:e an the pround? surfaces

Cohesionless soils (Cravel, sand cte,)

dmp or dry 25%
Cohesivo sofles (Clays, "1lty Clay-,ctc.)

stiff consistency 33-1/3%

nodim consiste:cy S0%

soft consistency ’ 15%

Where the water table is at or very near the ground surface,
the horisontal bMlast~-induced pressures are considered as being equal
to the peak incident pressure on the ;rouxi surface.

-6
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1242 Under;round Structizes

The hlast loading on tho roof wnd fouwndations of underiround
structures, excopt arches, is takon as being equal to the peak incident
pressure on the grouxd surface. For vortical walls it is assinmed that
the structure is buricd in @ cchecsive soil of nediua consistency and the
water tahle is not necar the ground surface therofors tho bla~t loading
usod 13 equal to one=half (1) the prak inoitent prossure on the growd
surface or 100 nel,.

The blast loading use! for unler:roun! archos is a coibing=
ti>n of a cawprosasive mode loadin: of oo = 200 psi (peal: incident
presouwro on frownd) plus a dcflection node loadln; equal to 0(' bgo, T

a("- 15 X typ for t4, : 2/31
X ® X for t, = 2/3T
T . = natural periad of vibration of a straight bea:
havinz a longth equal to the devolopod length of
t.‘xe:arch fro: epring line to eroun,
ty = Transit tize 'or the shock to traverse the full
span
X e 0.5

*Principles of Atondc Weapan Realstence Construction”,
Departnent of Civil exd fanitary “ngincering, 'assachusetts Institute
of Tochnolory (herecaftar roforred to as ° IT lanual) recormends the use
of a conprossive mode loading oqual to th; peak incident pressure (200
psl) with a rospanse of 1.0 and no defloction rode loading. The use of
those dooirn loads would rosult in a nuch lighter structure,

1 "leco memled FCOA Specifications for Elast=Resistant Structural
Design (Method A)? prepared by Dre lie ' Newrtark, Depte of Civil
Frgineering, University of Illinols.
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2. Detnr-ination of Tesmonun of the Stracturoe,

a) Use & capression -.ode loading resionse of 140

b) For the defloction node loadine acsuns the structiral
proporties of the structuro and the maxiqui allowatle deflection.

o) Using the data fron step b compute the regponse for
tho deflcction node loading as deseribed in :'0I.T. Janual, Chaptor Se

-8
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1.2.3 Above Crouni=arth Covorcld Sirustures

The blast loaldinz used for abovo frowxie=earth covercd erchos
is a combination of a conpre-sive mode loading of Pso = 20V pel plus a
defloction node loading oqal to o Peo, 1

2
q. 1.7
e 1.5 X t/n for 4 < 2/37
oA'e A for ¢, & 2/T

(2 = the minian myplo of inclination of tho surface of
the earth cover with the vertical
o transit tine for the shack to traversco the full spen

-3
e

natural poriod of vibration of a strairht bear

having a length equal to tho doveloped lencth of the
arch froi spring 1line to ocroun,
An alternetae desiyn procodwre wilch is nort:ally used by
Arviam & vhitncy 1s descrived Lolous

1. Debter-ination o2 rezsuxre londine,

a) Using the wodge shaped earth cover 83 ghown on tho
drawings, tho prescuros on the earth swrface ere detomined in accorda:co
wvith the aothod deseritzd in e report subnitted by A nann & thituoy
to the Corps of neincers under Contract ilio, DA-L5=125-121G=317 entitled
*Transonie Precsurcg on Abaovo Cround Zarth Covored Structures®,

b) Trans-it tho pressure loadin: on tho carth swfaco to
the arch b use of tho !0 Circle Solution,

¢) Doter=inc the caspression and doflection mode pressure
loadinge au described in !1,I,T, !lanual, Chapter 10,

1 "Qecormended FCOA Spooifications for Tast-Resistant Structural
Design (iiethod "A") preparod by Dre. N, ¥, Noawark, Dapt. of Civil
Enginsering, University of Illinois,
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1.3 Radiation Criteria

Coyputations relative to tho radiantion level aro based upon
"Copabilitios of Atanic Weapons® = Departiont of Defenze lsnual T 23-200,
Juno 1955 (Sccret.) loutron a‘temnation data io basod upon "Infornel
AFTUP Date®, ‘a~ch 1955. The nuclear rediation protoction provided is
such that tho total ravia end neutron doscie io atienuated to SO rootgens
for a 20 ¥ vogpon at any position producing a peak incidont preacure .
equal to 200 psi on the tround surfaco. The thicknoos of councrete re-
quired to provide the requirced attmuation is 6' = O", Any caibination
of concrote anl sarth or concrete and stecl o stcel elone which will
provide an equivalent shiclding, arcinst nuclear radiation ~ay be usode

-10
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1. Yaterisls and Stroasos

The design of tho various scheies 4s tased upon the following
spocifications and dosign etresses as reconended in ®"frinciples 'or
Atanic Weapon "esistant Construction™ prvparod by Departient of Civil
and fanitary "ngiucering, Fassachusetts Institute of Technolory.

l. Reinfarcing Rerss

Internediate Crade bars in arcordance with AST!:
Specification Dosignation A305-507, Yisld Point
Stress = L7500 psi incrcosed sppradnately 107
to account for repid rates of strain,

High Strength bars in gccordance with AST! Cpecifica-
tion A305-50T. Yield Point Stross = $0,000 psi
increascd snpraxinatoly 10 to account for rapid
rates of sirain,

2, High Ctrencth Cable,

Hdigh strancth cable to have a mindwn yleld point
streas of 200,070 psi.

3. Structural Stcol:s AST: Speeification designation A7-50,

Yiold Stress = 35,000 psi increased approximately
108 to account for repid rates of strain.

Lo High strength Structural Steol:

High strength structwral steol should as a miniaum
conform to the properties of "United States Steel
Co-pany "T=1" steel. Yield stress = 90,000 psi
increased approximately 102 to account for rapid
rates of strain,

Ss Conorete

£0 w 5,000 pei increased 30X to socount for rapid
rates of strain,
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Quantor 2 Dageription of Structi-csy

2.1 Schemo A

Schene A is an uxlercround too shaped structure with a novable
roof mountod on rollerse The aircraft is as:u:ed to have its wing tipe
in tho folled position before bein:: lowered into the structwre, The
inside dinmsions aroe s large section 92! « O" wide by 10L' « 2% long
onall soction 52! « 0" wite by 12kt « 2% lone Tho minimum cloar
height = 38¢ < O",

Tho roof 4is dividod into two acctions wilch nove in opposite
directicns to open. Three alternato etructural designs for the roof
are oonsidered and are described dolowe The cond walls of the structare
are desirnrd as fixed endod one way reinforced concrete slahs, The
side walls ere designed as plates suproriad on the botta: by tho founde-
tion and on the siles by uttrosscse The top of the zido walls 1o
asswmod to be frea, The fownxlation is degsimod as a ono-vay slab,

Reinforced concrete pits aro provided ab cech end of the
structure to receive tho covers vhon in the oven position. A debtris
pit is provided at tho far ond of cach cover pit into whaich any detris,
which ngy bte venosited in the cover plt, may be pushed by the cpeninz
cover, The delris pit is considorably derper than the cover pit so
that debric will not protrude abo-o the surface of the oover pit end
theroby cavse an opening to exdst betwcen the end of the covor and the
TUnvay.

The operation of the systen is as follows:

1, Roof ¢pems, rolling to ends of structure,

2. Alrcraft is raisod to ground surfece by moans of cadbles

attached to a hydranlic engine,

3. Wing tips of aircraft are lowered,

Le Plans is roady to toke off,
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Mechanical
Rolling Noof Covers
Tho roof cover is in two scctions, each of which has to
travol 114,17 feoot in a pertod of two rilnutes, The ap raximate welchts

of the roof covers are as followst

Large Cover Snall Cover Total
Alternate 1 16500 Tons 8200 Tons 2L800 Tons
Alternete 2 11200 Tone 7000 Tons 18200 Tons
Aternate 3 11500 Tons 6800 Tons 18300 Tons

The large covar 18 equipped with 2k - 36 in. diai, flanged wheels on 6
in, wide stoel crane ralls and the s1all covoer with 12 =36 in. dia..
flenzed wheels on 6 in, wido siecl crane raills, then the covers ore in
the closed positlon, sections of the rails directly unier tho wheels are
lowered approxdnately 1-17 b neans of hpvrarlic jJacks. Tho lowering
of the covers eervo a dual purpose., It pormits the covars to rest
directly on the concreto walls anl on a scaliny matoerial making the
structure air-ticht, and it prevents the vheols and sxles from belng
subjected to blost pressurcas. To open tho door tho reils scctions wder
the wheele must first te jacked up to nor-al positlou. Tho mechardcal
requiretents for the covors wore calculatad for two different cases as
described belowe

Case I = level Rails, In this arrangement the structure is
built wit: the rails in a level position. It is assuod that the blast
will deferm the structure so that the rails will tilt with a maxiaum
vertical displaceucnt of cne foot at either end. The power requiroments
vill be a maxinun if the defornation is such that the larpe cover opans
travelling up the incline,
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The covers are opened and closed bty -onas of roping attechad with a
mechanical edvantare of Lt to 1 to a hydraulic encine with a 33 in,
dian. plunger,

Case II floping nhails, In this amanconent the structure
1s built with the ralls sloping domuward to edticr ende IV i3 sasuncd
that ths slope of the ralls vill rosain dowmmcivis aftor the blast,
The covers vhoa reloased will open antonatica’ly due to gravity. The
encine will Yo activztod befora opening and a low prossure will bo
maintained during oponing, wita the pressure increaslng near the emd of
the covor travel, for decoleration and tuffing of cover., The covers
will have to be pulled upgraie to close, regiirs an ongine with a
35" dimestor plunrer ropd 1 to 2,
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Alrcraft Flovators Tho eireraft elevator structure conoslste
of throe longitudinal bems supportod by three t rensverso bems which
are connected to the fting epparatus, The throo longitudinal besns
support trouchs wvhich act as guides for the whocls of tho aircraft,

The wholo systos of beane 1s made rifid by means of a systen of horizontal

tracing, Tho beans are designed for a noving load plus on fmpast load
equal to 107 of the vheal loads. Tha vhocl loads are positionad &0 as
to give naxinu monents and maxiaum shears, Tho velght of the aireraft
axd elevator is approxinately LOO tons end has to be raised SO feet 4n
a period of ono ninute, after covors are cpm, Five 15) 1= diaa,
cablos at cach of fowr (L) hitchos commoctod by cablo, with a mechanical
edvantaze of 2 to 1, to a hydraulic engino with a L6~} in, dim.
plurger are used for the lifting operation. The recovery pouer require=
ments are as follcwss

1 minute recovery = 2340 ¢pn pumin: -« 2520 hp

1 hour recovery = 39 ¢pn puiping = 27.4 hp

The afrcraft end elovator are to bs protected fron accelerae
tions due to the blast by means of vervical and horizontal shock
absorbers.
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Shock Absomtion Sivtex £ Adreraft "lavators
The wulrercpes that are used to raise and lower the aircreft
elevator are also ut{lized to ast as a zhock absorbtion gyster, The

operation of tho cveten is as followss
a) Horizontal Motioa of Structure,

When the structure is reovoed horizcntelly under the
action of tho shock wave the overhoad sheaves of tho aireraft elevator
systen novo uith tha structure, The inortia of the alrcreft aml
elevator fraiework keep it stetionery, The result is that the alreraft
elevator systen has bzocie & enduluz with the weicht at its naxdaun
aplitude, The weicht of tho eircraft olovator then causcs it to
oscillate in the -anner of a pondulu., Viscous dapers are providod
in each of the L horizontal diractions to dap out the oscillations
in a reazomable ti-e,

b) Vertical ''otion of Strusture.

The wiro ropos are connccted to tho engine with the
plunger retracted into the crlinder egainst stons because the engine
1s at a lower prossure than is requircd to 1ift the cleovator. A
vertical doumard niotion of the structure will produce elack in the
wire ropes suprorting the aircraft clevator platforme The reduction
of tension in the wire ropoa causes the pressure in the accunulator
to produce a follow up riotion and restore the tension in tho wire

TOpose
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2¢led fchere A « Atermuto X

The roof of Alternate 1 consists of reinforcod concrete
bean and slad construction, The slab is dosignod as a continuous one
vay slab cpanning betu:on beais, The beans are dosighed es siaply
auppc'téd T=toans utilizing tho alab a3 the top flange. The depth of
the alab 1s taken 23 6! « 0 to acot nucloar radiation attenuation
requircent, The bras in tho larie secticon are 6! = 0% wide by 20! « O"
deep (total dopth) spaced 10! ~ 0" 0.0, axl the bems in tho mall
section aro 5' = O" yide Yy 15' « O" daop spaced 10T « Q" 0.ce

Corncrete ede begas are provided on all exterior ed:ed
of the covers to provide & continuous bo-rin~ surface and also to
provide a ¢-ntinuoas lovel suface {for the vhogl surptetod and sealing
nochenio, The depnth of the elre begta im tha caro &s that of ths
Tebems,
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2.1.2 fchono A = Altarnate 2

The roof of Altornate 2 concists of a 6! « 0" doop continuous
one way reinforced concrete slab supported by st ol trusses epaced
3% =« 07 0sce The concroto oled is also utilizod to act as the top chord
of tho trusses. The depth of truss ia 12¢ « 67 fra:r Wwttoa of truso
to centerline of slabe All trusges aro desirn~d as beinr sirply
supparted,

Concrete odre bea:s are provided at all exterior edges
of the covers to provide a continuous bearing curface and aleso to
provido a continuous level surface for the wheol supports and soa i
mechanisne The depth of the edre hoons is equal to the distance from
the boitton ~f tho slab to the boiton of the steel trunses,
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2d¢) Scheo A = Alternoto 3

The r00f of Altoomats 3 consists of a serles of einply
suppartod post tensioned eoncrote Te besis with a 6 « 0" deep top
flengo, The beais in the large cover havo a total depth of 16* = 6"
and the width of the sm 18 3! = 0" widening to 5' « 6" gt the
botton, The beans in tho sall soction have e total depth of 130 = O"
and a 3! = 07 vide ete: widening to 5' « O" at the botton, High
strength vire in uged for post tensioning,

Concrete edre boens aro provided at all axterior edces of
the covers to provide a continuous bearing surface ard aleo to provide
a contimious level surface for the whell sunrarts and scaling nechandsa.
The d epth of thr odro beais 18 oqual to the Aopth of the vost-

tonsionad Teboais,
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2,1.L Advanteres and Disadventescs

Schane A hao no a perent advantazes in coaparison with
the other schexs, This schemne has soveral disadvantazes vhich are
as follous:

a) ¥ich Coot: Scheme A has the socond highest coot of all
the schenoz considered. The costs for tho thror alternates ere:

Total Coot Cost/s.f. Floor Area
Alternate 1 $ 9,9L5,000 ¢ 61h.5h
Alternate 2 11,827,000 138426
Alternate 3 9,6N1,000 602400

bd) Dedbris: Due to the blast s lerre a-ount of debris aay
bo deposited in the cover pita. This dabrlz will have to be pushed
out of the war by the covers, entallin: the use of alditional pouer and
thoreby increassing the wechanical oporatin: cocts. Tals aiditional cost
1o not included in the cost esti~ates acca:parzing this rcport.
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2.2 Scheno B
Scheme B is en undorground tee shaped structure, A seotion
of the roof over the airoraft is ralsed by niecna of hyirailic plstons
The elevatin: roof seotion conzlsts of & contirucus ono wg ~onerete
slab 6! « 0" deep for nuclear radiation sttenuatien supported bty a
gystan of sltply supported steel trussoc spaced 3! - O" o.ce The
trasses ave 12' -« 6" doep fran bottar of tha truss to the conterline
of the slab, In s!dition there 1is a srrics of truseos freming ot 50°
to the main truss systen which support thadhad weizat of the roaf during
the 1ifting ojeration. Tho roof slab of the elavating rocf sectiion is
soated onto the sraling nechianisa built into a lodre near the top of
tho walls, 7he trusses ars seated on ansther ledze in the walls end
proviio the support required for the blast loadinge Tha exterior walls
of tho structure are desifned as fixad-end ono way reinforced concrete
spans, The interior walls are designed as bearing walls. The fived
portion of tho roof tlab 1z Cesirned as a fixedepinned one way rin
forcal concrot- slabe T:e fourlation ls deaimed es a fixed end one uay
rein‘orced conorete £lab,
The operation of tho systor is es follows:
1, The roof is raised by means of hydra:lic pistons
2. The aircraft is raised by ncans of a hydrailic elevator
at 'the sa1o tine as tha roof or with a elight tine lag.
Cere must be tekea that aircraft elevator does not riso
at faster rate than roof, '
3. Vhen airoraft olovator is at ground lovel alrcraft is
roly ro:" take~off,
Mechanicel
Liftin Foof Covers “The roof cover veight approximately 8465

tons end has to be raised i d:litﬂ i % feet in & period of two minvtes,

=21
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In order to raise tho covor six (6) hydiaulic engines operated
by an accuaulator systes are required, 7ach eni:ine has a L9" dis:eter
plungcer workin: at a pressuro of 1500 psi. 4An cxtra Jorco of approxi-
nately 207 1a provided by these engines in order to brock tho otatlc
goal at the Yoy inudng of the 1ift, A position censing nechaniga
attached to the four cornerc of tho platfor-, controle the rato of
fluid flow to the various pistons to insuve that all pistons travel at
the saie specd,

The hydraulic cngines a-e vervicelly: rounted od ae located
20 ap to mqualize the load on all six (6) en:incs. ~ach enrino has
the lourr end of the crlinler mounted upon the floor of the pit pro-
vided for it and the top ol of the cylin!er fastanod tc the wall,

Tho uprer ends of the crlin‘ers gre provide: uith tushiin s of sulfliciext
len;:th to :ive stabhility to the plunzers are altached to the roof
trusres.

The hyiranlic en;ine are connccled to preasure ta.ks costaining
oil an! ges in w ich the oprrating prepsure is built up to 1500 psi by
hydra:lic psipne The a-cuielator cyste: for the six (6) engincs
roquires ei-hteen (18) accunulator tanke.

Tho powor req:irenents for recovary of the roof based on 7000
ton cover ar'e as follouss

1 ninute recovery = 32900 ¢p pwnping « 31300 P

1 hour recovery <« S8 gpipupinge 670 UP

S hour recovery = 109.5 rpnu pwiping = 11l P

An arrangesent using telescopin; plunrers is the ecae &3 for
single plungers except that the depth of pit required fa the plungers
will be loss,
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AMrcreft Flovatorts The alrcralt elevator structure consists
ef throe longitudinal bems supported by three transverse bex:s which
are connacted to the 1ifting gpparatus, ‘I‘ho‘ thrre longitudinal beunsg
support troughs wvhich act as guldeos for thp whernls of the aircraft,

The whole s:sten of beats 1s male rigid by means of a syston of
hori ‘antal bracing, The besns are desirnad for a novine load plus an
inpact load egual to 10 of the wheoel loals, The whosl loade are
positioned eo av to rive maxinur roeents and maxlsum shearse The
velght of the aircraft and elevator is aporaxizately 4O tons and has
to be raiscd 56 fcot in a poriod of tuo mimutes. Five (5) = 2" diem.
cables at each of four (L) hitches conn~oted by ecailes with 2 echanical
advantage of 2 to 1 to a hyiraulic engine with a b6 3 in. dis-. pluncer
are used for the lifting oporation., Tho recover- iover roquireionts aro
es follows:

1 minuse recovery = 2340 ppr pu ;ing - 2520 hp

1 hour recovery = 39 cp. rwping - 27.4 hp

The mircraft and clevator are to be protectol froi accelerstions

duo to the Mla-t br neans of vertiral and harizontal shock atsorhera,
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Shock Absorntion Sypten for Aireraft Slevator

The wiro ropes that arc usoed to raise and lowor the airoraft
slevator aro also utilizoed to act as o shock abgorbiion systens The
opcration of the systen is az follows:

a) Horisontal motion of Structure
Vhen the structure is -oved horizantally under the

ection of the shock wave the ovcrhead shea-cs of the eircraft elovater

systen nove with tha structure. Tho inertla of tho alroraft and
elevator francuork kecp it statiocnary. The resdt of thet theo alrceraft
elovator s ;Bten has teome a pondulin with the wei;ht gt its aednn
mplit\;da. Th- weisht of the eiroralt elevebor thamn cause it to
osoillato in tho nanner of a pendulu:. Viseows desapers are provided in
each of the L horizontal directions to dap oub the oscillations in &
rogponable tine,

b) Vortical riotica of structure

The wire ropos aro cosnected to the ongine with the
pluncor retrected into the cylinler arainst stops hecause the exrine
is at a lovwer prasswe thun 4is req.ired %o 13t tho alcvator. 4
verticel dowrmar! aotion of the sitructure wlll proluce slack in tho
wire ropes supporting the aircra’t elevator plztfors, The reduction e
tension in the wiro ropes causes the presswrez in the accuaulator to
produce a follouw up -wotion and restors the tenslon in the wire ropss.



2.2,1 Advantaces o Dicoivaniarco

Echene 0 has no apparont edvantages in co-parigon with the
dther schenese This scheano has sevoral disalvantasoes winich are as
follouos

a) Hich Cost, Schene D has th> hichest total cost (£16,506,000)
and highost cost per equare foot of floor sres (“1,006,1:6) of all the
schanos considerod. Arproximately two ti:inds (2/3) of this hirh cost
is due to the 7 chanical eq.uipicnt reguired to 1ift the roof.

b) Due to the large weight of tho cover to b~ liftod @
relatively larre a-omt of the floor erca of tho siructure 1s requiired
to house the largo &-ount of ncchanical enuinnent roquireds This [ pace

co1ld woll e used for storacs of equimnent rojired to sarvice the eir-
craft.

©) Tho cperation of the liftin- cover and tho sealiny req :iree

ments entail . the use ol fairly hizh telerencos in the ere-tion of tho
roof covire It may pro-e di ficult to ohtaln tho Yolerances required
when working: with the lerge vclume of ¢ nzrete involved,

d) The larre quantities of nzchanieal eq:iprent inv-lved in
the operation of this sc:.eme i:crease the poszsibilities of mochanicel
nanfunctioning which would inpeodo the proprr fwwetioning of the shelter

a] dofeat its purpoco.
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2.3 Schermn C

Schazo C 43 an wnlorground avc. typo structure of o-nstant orcss-
section. he arch has a rinl-zn carth cover of two (2) feet at the
crovn, The arch 1s dosigned as a fix:d ewded exch under th~ loading
doscribad in 1l.2,2. Tho founiaticn is desln«l a3 2 fixed-endiod one
war gleb of varvin~ thickness, The end wall has Leen deslinsd ac a
{ived ‘nd two wav plate, There is a laryo hlart door at ono end and a

raap leais fro: that end of the structure to the ground surface, A
retainins wall is providod at the entroance end of the structure to
keap the earth fron spillin: and blockin; he entrance and raipe Thres
difforent types of blast doors were consllered and are dererl el in
Chapter 3 Parairanh 3.2.3.

The interior dizcns.on3 of the struct:wre at the springing
lino eres wiith = 125 = 0", lon th = 225 « Q", 7ise fron springing
line = 33! = 6", The foundation of tho obr:ohre has a well 10%-0°
doop and 52! « O7 wido place sy-etrically about the ceaterline of the
structure, The clear heizht fron the totton of the well to the crown

of the arch is }3!' = 67, The well foris & sunksn roadway w:ich acio
as a gulde for the landing pear of the alverafi,

The aircraft is protected from horizontal and vertiecal

accelerations by moany of a shock absorption systm.

=26
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263:1 Atventares end Disadvante-cs

Schane C has the followin,, advantai-cg over the other schanes
evnsiderod,

a) larpest floor area of all schemen cronsidered wich prrw
nite the storaze and use of equipnont nocrarary to li.ited malntenance
of the aircra’t,

b) A rolatively snall quantity of -cchanical cquipnent is
roquired for the operation of thedructure with tho result that the
po:scibility of mochanical breakdounc it lessencd and the anount of spece
roq.ired for the nachanical equipmx;xt i3 very siall,

The disadvantages of .:.:--2 C eros

a) iHirh Costs Cchate I is the most gmensive of thoarch
type structwrca., The totel coct of the structure 1s -i7,939,000
(reflect-d pro. sure oa door) cai the cost for s-uace fool of floor area

is 221 0311 °
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24810 Schice D

Scaese D is an above yround carth coverod arch typo structure
of varying orevsc-sectlon, The arch has a miniaun earth cover of two
(2) feet at tho crewm. Tho arch is lesiind as a fixed onded arch undor
the loadin: descrited {n 1.,2.3. The foundrtlon 1s desiyned o a
fixed-anied onw way slab of varyin: thleknozse Thoro is 2 larpe blest
door et tho lare end of the structure, A rotainine wall is provided
at the entrance end of the g tructure to keep tho carth fron spilling
end *locking the entrences Thr-e differcnt types of blasi door uere
congidered ani are deceri od in thapter 3 Para ravh 342436

The inlerior dinensions of the structuro at the springin; line
are: wvidth = 125" « 0", lensth @ 2L7% - 3", “ive {ro: gpringing lines
33! = &%, Tho foundation of the siructue has a well 10! « O" dnep and
52! « 0" wide placal sywielrlically about the cantorline of tho siructure.
The olear helpht from the bottom of the well to the oroun of the arch
is I3! « 6", The well foma a sunicn roeuay wilch acts as a puide for
the landin: gear of the alrcraft. Due to thn ghape of the s tructure
the eircraft -ust bark oat and :oke & $0° tumn onto the ruxiay in oxder
to nako a teke off,

The adrcraft is protectod froi horisontal and vertical

accelerations by means of a shock abhsorption systo:.

-28
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2.1 Mvwanterss ol Disadventares

Scheie D has the follovly advente~os over the other schenies
considored; .

a) Schme D is the nost cconosnleel of all tho scheucs considerod
Total Cost if "5,195,000 and coat per syiare foot of floor arca is
$293.06, )

b) A rolatively exzell juantity of mechanical equiment is
rog:ired for the operutiocn of the structure with the ros:lt that the
poselt:ility of ~echanical dreakdowm 1s lesocenod and the anount of space
req:ired for the nechanicel cquiprent 1g very g1all,

S heno D has no apporont disadvanta-ss.
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2,5 Schowe %

Scheme © is an under:roun! arch type stractwre of varyilng
orose=scotion., The arch has a miut:un carth cover of two (2) foot
at the erowns The arch 1s desimned a3 a fixed ended arch under the
loadin: dencrited in 1.2.2. The founlation 1s designid as & fixed-
enied ono way slad of varyin: thickness, 7heore is a lar:c blest door
at the large end of th- structure axd a slopinr ranuar leads fraa that
ond of tha gtructure to the grouvl sarfeece. A retainine wall is pro-
vided at the entrance emd of the atructure to kesp the earth fron
cpilline and tlockin: the entrance, Threc difevent ¢:prs of hlast
doors were considered anyl are descrited in Chept-r 3 Pararraph 3423

The interior Air: nasianz of the strctuim at the sprin-in; line
are: uldth = 135 < 0", len;th = 2.70 - 3%, Pisc fros sprincin- line
= 02 = 0" vide placed sy~ etrically atout the centerline of the
structure, The clear heipht fron tho Yo ton of the well to the crown
of tho arch 13 3" = 6", Tho woll for29 a sunlken roaduayr wiich acts
as a puide for the lamding gear of the aircraft. D e to the sha:e
of tho structure tha alreraft must beck owb and make a 9 © turn omto
the rumay in order to nake a take off,

The alrcraft is protected froi horizon al an! vertical
accelerations by means of a shock absorption ayston,
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2.5.1 Advanticres and Disalvantares

Schene € has the cdventaro of requiring a ver: grall quantity
of mrchanical equimant with the a~co-penying aiven’agos of e:all
probabilit:r of rechanical treskilown plus mall gpace require-ents,

The di-aivantare of “chao E is its hirh cost: Total Cost 1is
35,523,000 ani cost por square foot of floor arca is T311,.51,

=31
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2,6  Platfora Sheck Avsorption Byste: « Scheves C, D and E

The following two mcthods are proposods

1, Tho platform 1is suspenicd as a pon-lulm‘on virc ropcs ono
foot above ground lovel in the sme mannor as the clovator shock
absorption rystm,

2. The platform would be sguspendnd ons footl above ¢round oa
a sorics of hniradic jacks, Other Jacks would te pro:sing acainzt
tho platfom in fouwr horizonial directionas Thrso Jacks would each
be connected to an arcumulatore They woull e mounted go that their
plungers were in a position to allow 12 inchas of otlioa in clther
drection nlong their axes, In order to -alainln the platfom at its
correot lower position, sme of thc Jecks, representing a minor portion
of the total loadin:, would have stops 1i-1bting the extension of
their plungers so that they cen to compresses 12 inchea but not extended
bayond their nomal position. They would sarve to retuwn the platfom
to normial position after displacmont.‘with respect to the structure,

Tach of the plun;e:rs would have hadened tips resting arainat
hardened low friction boerin: plates on the platfom, to poriit lateral
notion of tho platfor: relative to the plungors,
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Chanter 3 - Chelter end Maet Doors

3.1 Shelter
The shelter for the aircraft creu end maintenance personnel
is & cylindrical shaped struoture with heai-spherical ends, The
corridors connccting the shelter to the main structure emd to entrences
vary in length dependin; on the layout of the various schoies. The ine
side dimensions of tho corridors are L' « 0" wide Ly 7' = O" high,
The entrance stairweys where required vary in heizht dependin; on the
depth of the various schenss. The inside dimensions of the shelter
proper are 15 « O" dizi. eylinder 125! « O" lony plus two (2) =7' -
6" radius heaispheres at the m+is vhero apnlicatle. For locztion amd
oricntation of thu shelters sce the ;plan drawini's of the various zchetios,.
Muclear radiation ettonaatisn in the corridors ani entrance

ways 1s achicved by rean3 of a serle«s of tiims w ih act as baffles,
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3.2 Mast Doors
3.2,1 General
The blast doors considered in this study fall into two catejoriss,

1, znall blast doors for eholter entrancrs and 2, larre blast doors

for the hangar propor.

3e2¢2¢ Shelter Mast Noors

Tho siall tlast doors for the sholter entran-es are si:ilar to
naval waterticht deors in apprarance ani are dosirn'd for raxiau:
clartic defomaticn unier a reflocted pressure loading of 1200 psi and
a response of 2, i#iaclear radiation attenuation. has not Leea con-
sidered in th~ deoei:n of these doors. Th- required attenuetion will te

achleved by neans of tums in tho co-ridore or entrance stairs,
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3.2,3 Hancar Flast Doors

In the dcaign of the hangar blast doors two loadin- conditions
are considered, i.e. rofleocted pressuro (1200 psi with a response of
2.0) and sido-on pressure (270 psi with a regponse of 2,0). The door
is designed for naxirun elastic deformation in both cases. Althouch
tho reflectcd prevsure loadin: 1s the noct sovere of the two loadinss
and is the czse usually designed for in inliviidua! otracturos, the use

of th: side-on loaldins is Jurtified by crneideration of the nubor of
structures involved and their oriontation 4n rospe-t to the possible
cround zoro, Th - structire can “e oricnted in such a nanner that the
mmber of structures subjected to reflocted pre-sures on tho blast
door are held to a :iniw:n,

The concrete blast doors desijned for sido on prousure are
of sufilcient t .ickness to provile the re::ired n.clear radiation
attemiation, The stcel blast doors desisncd for reflacted pressures
require sone concrete s:ielding to provide the required miclear radiation
attentuation, Threes typ-as of doors ara ccnsidered., Th~ door trpes are
as followst

a) Bagcale typz {oor,

b) Rolling door (center opening)

e) Vertical slidin: door.

far blast doors are req:ired in lchames C, .) and L only,
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A) 3Rescule Type Door

The door designed for reflected prossures is a steel
arch simply supported at top and tottam, with conercte shielding added
to provide the required nuclear radiation attenvation. The door desisned
for side-on pre sures consists of einply supnorted one-way concrate
slabs,

Tho Bascile door is riounted on hin-es and swincs down
flush with the rroun! in the open position so the plane can roll over _.t.

The d oor which welghs ~pproxinately 3000 tons is operated
by two enrines, one engine beilny connrcted to cach door ar: throuch
1) ropinge Tacn door ar: has a 510 ton counterwel:ht.

For a one hour closing time 157 horsmpower is required,
However, if we use varlable delivery pu ps, t.hisi can be materially
reduced if we decrcase the sroke of the pu:ps at the berinning of the
1ft,
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B) Rolling Door (Center Opening)

The rolling ocor for reflocted pressure is-esigned as a
steel arch gsinply supported at top en? tettay, uith concrete shielding
sdded to provide the nuclear radiation attenuation requireds The
rolling door dosisn for s ide-oun preasures consists of simply-supported
one way concrets slabs,

The doors are leancd sli;htly back arainst the hangar
openin, and are divided into two soctions one rollini: to the richt and
one to the left., The door scctiona are noun‘ed on whecls at the bottom
and on the inside face of the door which roll on steel tracks recessed
into the face of the hansar and in the concrete in front of the
entrance., In the clored position the doors are fastened -to the hangar
to prevent beins opened by rebound.

The aschanical rejuirem nts for the rolling doors were
calculated for two different casns as descrited below,

Cese I - Level Tracks. In tho cose it is azsumed thot
the tracks erec placed level and the rround shi‘ts such that the tracks

slope appraxinately 6" in 53 feot. In openin;, onadoor will travel
upprodo end the othcr door downgrades The doara accelerate for one
ninuto and decelerate for one rinute for a total operating tine of two nin,

Two engines are requirc;.d to operate the doors, one engine
for opening an! cne engine for closingc. Tach enpine has a 12 in, diaaster
plunger and is roped 1l:li, tha plunger stroke belng one-fourth the travel
of one dobor, One puip rated LO gpa at 1500 psi will req.ire from 25,7
to LO horsopower to opon the doors id two mimites, besed on & margin of
operation, to overcome friction snd to accelerate, of two.
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Case II - Slopel Tracks. In tids case the tracks slope
down froa the center of the opeal: ¢ approxinately 6" in 53 feet and the
doors whe:: released open aito:atically due to gravity. Onl one
engine have an 18 in. dimeter plunger ropad lsh is required., The
engine will be activated w!th low pressure on opening the docrs and
vill dec:elerate and provide the desired “uffering for thr doors on
the last half of the door travel. The encine will close the doors
by pulling thea uprrales Three » mps rated 60 p: at 1500 psi using
62=T horsepowor are required, .
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C) Vertieal 51idin- Door,

Tho door desifned for reflectod presswoes is a steel arch
eimply supported at top an! bottam, with conerste ghielding aided to
provide the requirod nuclear radiation attenuation. The door desifned
for side-on pressure consicts of simply supnorted one way concrete
slabs,

In this arrangaient the door operates in a plane 30o fren
the verticel and one cangine is roquired, The door in the closed
position is fastencd to the shelter to take the negative phase of the
blast, The door weighs approxinately 3000 tons, travels L fect end
is counterweichted with two counterwoights weirhinz a total of 1,616
tons. Fach end of thr door hes L = 1! dianater wire ropes running

to the enrine and 10 - 3" diareter wire roves running to the counter-
weight.

The cngine located at the rear of the ghelter buffs the
door on openins and oporatos directl: to close the door. Th~ door is
accelereted for one :.imto ani decelerated for one nimute for a total
oponing time of tuo —inutes. The to:. of the open door is flush with
the mround level so that the nlane can run across it,

The engine has a 25" dianetor plun-er and is roped lilk.
To close the door in four mimutes, two pu~ns rated at 7. spm et 1500
pei require from 150 to 160 horscpower,
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deledl Cost Estinate - Schete A « Altermcto 1

Concrote T-Bean Rolling Roof Covers = 200 psi lavel

Tnit
Unit Cuantity Price Cost
Farthwork
Excavation cy 77500 1,00 & 177,500
Concrete
Roof Slsb ard Brane cy 12222 145,00 519,990
Foundation cy 16390 45,00 737,550
Detris Pit cy 6220 45,00 279,900
Forriwork
Roaf Slzb and Beans of 78830 0465 51,210
walls sf 73220 50 36,610
Foundation sf 4120 50 3,060
Debris Pit of 26160 50 13,080
Reinforcenent :
Roof Slab znd Teaus Ton 365 350400 127,750
Walls Ton my . 350,00 390,950
Foundation Ton 17 350,00 L01,L50
Debris Pit Ton 328 350,00 83,300
High Strensth Steel Ton 552 380,00 209,760
Structural Stoel
Llsvator Ton 89 700,00 62,300
Thelter
Ixcavation cy 8270 1.00 8,270
- .Backfill cy £820 1,00 6,820
Concrete cy 1252 145,00 56,340
Farawark sf 2631} «55 1h,h70
Reinforcement Ton 84 350,00 29,400
Structural Steel Ton 2 700,00 1,h00
! (]
Mechanical LeS. - - 4,139,180
a R
Profit, Overhead and Contingencies (25%) 1,969,030

Total Cost

TSI

=41
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AJd .2 Cost Tstinate - Scheme A « Alternate 2

Steel Truss end Concrete Slab Rolline Poof Covers = 200 psi level

Unit
Thit Quantity  Price Cost.

Earthwerk

Excavation oy T90 1,00 § 71,h90

Backfill cy 13540 1.00 13,8L0
Concrete

Roof $lab cy 7078 15,00 318,510

Walls ey 11900 15,00 535,500

koundations cy 16390 15,00 7375500

Debris Pit cy 6220 hSoOO 279’ 900
Forrmwork

Roof Slab sf 39480 1,00 39,380

Wells sf 615h0 50 33,770

Founiation sf 6120 50 3,060

Debris Fit sf 26160 «50 13,080
Zeinforcaiont

Roof Slab Ton 318 350,00 111,3c0

walls Ton 1030 350,00 360,5C0

Foundations Ton 111:7 350 900 !.lOI ’L\SO

Debris Pit T:n 238 350,00 83,300
8tructural Stool

Trusses Ton 3850 700,00 2,695,000

Flevator Ton B9 700,00 62,300
Shelter '

£xecavation cy 8270 1.00 8.270

Aackfill cy 6820 1,00 6,020

Conorcte (3 1252 45400 56,310

Fornwork sf 2631 55 14,470

Reitiforceatent Ton 8L 350400 29,470

Structural Steel Ton e 700,00 1,100

9 »
Fechanical L.S. - - 3,56L,650
Total

Profit, Overhcad and Contingenclos (25%)
Total Cost




A.l.3 Cost Estimate = Scheng A = Alternato 3

Post Tensionod Conc:ote Rollinc Poof Covnrs - 200 psi level

Jndt
Unit uantity Price Cost
Farthwork
Excavation cy 72830 1.00 ¢ 72,830
Jackf111 cy 145100 1.00 1,100
Conorete
Roof Sleb and Deaus ey 9030 115,00 106,370
Walls cy 12120 15,00 5L5,400
Foundation cy 16390 15600 737,550
Debris Pit oy 6220 15400 279,900
Formwork
Roof Slab and Deans sf 68700 0.65 ) ,660
Walls of 68200 50 3h,4h00
Frundation sf 6120 «50 3,060
Jdebrisg Pit of 26160 50 13,080
reinforcenent
Roof fladb ani fecan Ton 3L 350,00 120,750
Walls Ton 1050 350.00 367,500
Founlation Ton nhy 350,00 101,150
Jebris Pit *on 238 350,00 83,3C0
High Strength Cable Ton 409 2000,00 618,000
Structural Steel
“evator Ton 8% 700,00 62,300
Shelter
Fxcavation cy 8270 1,00 8,270
Bscidi11 cy 6820 1,00 64820
Conoreto cy 1252 45,00 £6,5h0
Formwork af 2631 55 ,h70
geinfwo:\iont X gm 8!24 ?'50.00 zg,%;oo
tructural Stee on 00,00 100
¥5,121,770
Mechanical LeSe

. THALID

Prefit, Overhead and Contingencies (25%) 1,928,600
motad cont - ERAZ,550
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A2 . Cost Fstinate = Schme B

Steel Truss end Concreto Slab=liltins Roof Cover « 200 psi Lowve)

Unit
Unit tumtity Price Cost

Eartiwark

Fxcavation oy 83120 1,00 ¢ 83,120

Backfi11 oy 20410 1.00 10,110
Concrote

Roof §lzb cy 10 45.00 213,150

Walles cy 16650 145,00 749,250

Foundetion <y 15272 15,00 637,20
Fomwork

Roof £lab of 22510 1.00 22,510

Walls of 115810 50 571905

Foundation sf 15350 50 7.695
falrf rcezont

Roof Slab Ton 282 350600 98,700

walls Ton 865 350400 302,750

Fourdation Ton oo 350,00 305,000
Structural Steol

Trusses Ton 2h00 700,00 1,680,000

E)levator Ton 89 700,00 62,300
Shelter

Excavation L2 9760 1.00 9,760

Backrill ay 8280 1,00 8,280

Concrete cy 18 1:5400 91,660

Formwork ef 21305 55 13,37

Reinforcenent Ton ™" 350,00 26,950

Structural Steol Ton 2 700,00 1,):00
Nechanical L.S. - . © 8,703,120

Total  $I3,204,070

Profit, Overhead and Contingencies (25%) 3,301,220




A3

. Coat Pstinate « Scheme C

Onderground Arch Type Structure with Raap -« 200 pei Level

Unit
Unit  Quantity  frice Cost
Earthuwork
Excavation(in:ludes raip) cy 231130 1,00 & 231,130
B‘C’of 111 ey 9730 1 .OO 9.760
Concrete
Arch oy 9630 45,00 h333350
Endwalls ey 1560 45,00 71,100
Foundations cy 29310 hS.00 1,318,950
Retaining Wall oy 1320 35.00 194,100
Fomwork
Enduells of 8520 50 L,2060
Foundations of 15830 50 7,910
Retaining Wall of L7860 50 23,930
leinforcanent
Arch Ton 3%33 350,00 501,550
Fndualls Ton 97 350,60 33,950
Foundation Ton 81k 350,00 284,900
netaining ‘jall Ton 392 350,00 137,200
H, 8. Steal Ton 2009 380,00 785,220
Structural Steel
Blast Door Ton U76 720,00 1,062,720
Shelter
Excavation ey 11290 1.00 11,290
ackfill 4 $3L0 1.00 9,340
Conorete cy 1161 115400 52,2l45
Fomwark sf 26613 0655 1,655
Reinforconent Ton 78 350,00 27,320
Structural Steel Ton 2 700,00 1,h00
¥ 5,211,050
Total ¥ 6,351,310

Profit, Overhead and Contingencies (25%)

1:587:830



Cost Yatimate « Scheno D

Ad
Above frowuwd « Earth Covered Arch Typo Structuro
Unit
Unit Quant ity Price Cost
Earthwork
Excavation oy 3380 1,00 § 3,360
Backsil) cy 151880 1,00 151,880
Concreto
Asch cy 5000 45,00 225,000
Foundation cy 13320 . 15,00 599,400
Retelning Wall oy 2350 !5400 105,750
Formwork
Arch of 60320 2,00 60,320
Founlation sf 1299 50 65090
Retaining wall sf 2160 - 50 1.,230
Teinforconent
Arch Ton 4 350,00 260,100
Foundation Ton 510 350,00 178,500
Retainine ‘A1) Ton 218 350,00 76,300
Struotural Stecl )
Hast Door Ton 176 760,00 1,052,720
Shelter
Excavation oy g 1,00 -
Cackfi1l cy - 1,00 -
Concrete cy 1595 45.00 71,730
Fomwerk ef 35463 55 19,500
Reinforceient ;on 9!]; ?’50.00 3%,820
Strectural on . 00,00 “00
. 73,077,100
techanical L.Se 1,090,250

Total ¥ TL,157,500

Profit, Overhead and Contingencles (257) 1,039,310
Total Cost ] ___
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AS

Cost I'stinate « Schae b

Bolow Cround Arch Type Structwre

200 psl lovel
~Unit
Cnit ‘uantite rico Cost
Earthuark ‘
Excavation(inclules runp) ey 31;68%0 1,00 & 316,850
Dackfill oy 31080 1,00 31,080
-Ccmroto
Arciy cy 5000 hSow 225.000
Foundation oy 13320 LS00 59,400
“etalning Wall cy 2505 45,00 125,230
Fomwrak
Arch of 60320 1,00 €0,320
Foundation of 12190 50 6,075
Rotalning wall sf 3::90 50 19,2L5
leinforconont
Arch Ton 7hh 350.00 260,100
Foundation Ton 510 350,00 178,500
Jetadning #all Ton 255 350,00 89,250
High Strength Stecl Ton sko 380.00 205,200
Structural Stnel
Hast Door Ton 76 720,00 1,062,720
Sheltor
Excavation cy 13210 1,00 13,240
Backfill cy 11010 1,00 11,010
Concrote cy 121 15.00 57.6110
Forrwork of 28,8 . 55 15,650
Reinforcozont Ton 7;11 350,00 26,%50
Structural Stel Ton 700,00 2,600
§ 3,337,655
Hochanical LQS. 1.080.2&
‘l'otnl v" h.m 7 .u’ ’_16
Profit, Ovorhead and Contingencies (253) —dal0l, 70

Total Cost_$5,522,350

=47
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4.6 Cost Tatitate « Blast Doore
@_t_.rmtm'el 2
Jnit
Unit fuantity Prico Coant

Reflocted Pressure

T=) Stevel Arch Door
Structural Stcel

Cor=10 Steocl Arch Door
Structwral Stecl

Side-0n Preosure

T=1 Steel Arch Door
Stmctural Steel
Concrete
Reoinforoaant

Cor=10 St 21 Arch Door
Structwral Steol
Concrete
feinlorcaient

Concrete Slab Deoor
Concrote
Reinfercenant

Ton

W76

2li7
166
15.5

L 136

37k
}

1200
8!{.5

720,00

700.00

720,00
]
350.00

700,00
15.00
350,00

LS.00
350,00

$ 1,062,720

1,747,900

177,8L0
20,970

S—zhazto

291,20
16,530
L,3L0

$ 312,370
57,5600
29,580

567,150
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A=7 Summary of Costs
- ng.o:g::u Struetural Mechanical Total tn&ndn—i&mui Cost/5F
SF __Hanpar __ blast loor Shelter °rofit, etc. of Hanger

Scheme A-Alternate 1 16,020  $3,620,000 - £117,000 k4,139,000 #  § 7,876,000 ¢ 9,845,000 & 61h.S5k
Scheme A-Alternate 2 16,020 5,761,000 - 117,000 3,545,000 # 9,462,000 11,827,000 735.2¢
Schene A-Alternate 3 16,020 14,005,000 - 117,000 3,593,000 7,715,000 9,644,000 $02.00
Schems B 16,400 14,391,000 - 111,000 8,703,000 13,205,000 16,506,000  1,00G.4€
Scheme C (Pr on Door) 27,250 4,092,000 1,063,000 116,000 1,050,000 6,351,000 7,939,000 291.34L
Scheme C (Pso on Door) 27,250 4,092,000 87,000 126,000 1,080,000 &= $,375,000 6,719,000 246.57
Scheme D (Pr oo Door) 17,730 1,863,000 1,063,000 126,000 1,080,000 #» 1,157,000 5,196,000 293.06
Scheme D (Pso on Door) 17,730 1,888,000 87,000 126,000 1,080,000 «# 3,181,000 3,976,000 22l.25
Scheme B (Pr on Door) 17,730 2,148,000 1,063,000 127,000 1,060,000 =% 4,418,000 5,523,000 311.91
Scheme B (Pso on door) 17,730 2,148,000 87,000 127,000 1,080,000 w* 3,442,000 4,303,000 242.70

] Cost of Rolling Cover - lLevel Rails Plus Elevator.

##  Cost of holling Door - Level Rails.

61~
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Appendix B

Mochanioal System Requirements



D(L)-6570

Appendix B « Nechanical Systen Require-ents

Bl  Genoral

Appendix B ocontains the estliated mechanical equipment snd
power requircments plus total costs for the varlous mechanical systems
considered in this stuly, The estinates in this Appendix wero calculated
by the Flevator viston of YWestinchouse “lectric Corporation based
upon preliinary mechanical schoes and data suprlied to Westinghouse
Eloctric Corporation by A:tgnn & ‘hitney.

The nechanical costs in Appendix A have been coaputed by
rultiplyine the costs furnished in this Appendix by the ratio of
actual weirht to be moved to the weirht to be noveld used by ‘‘esting-
house Electric Corporation, in their calculntions, The cost of the elevator
nechand -al systex (32,054,630) was deducted bafore adjusting the
mechanical costs and alded to the &!justed costs,



B.2 Mechanical “oqui-ancnts for iollir: Covars « laovel "aidle
Hoirhts larce Cover 111,60 Tons
5211 Cover 1920 Tons
Distance Travelled = 103 ft, for each

Acecleoration of 1 minute = deceleration for 1 ninuie « Total opening time 2 nin,

taximm velocity = 103 ft/:dn - 1,72 £t/sec

Wheelss Ler¢o Cover 2Lh=36" Flanced vh-<ls on 6 in. wide stesl rails
Smal) Cover 12-36" Mlanzed whoels on 6 in.wide oteel rails

Ropin:-i =1} in. dizi,ropes for gnall door over LS in. shecves
813 in., dim.ropas for larce docr over LS in. sheaves
L-to 1 roping on en;ino with 33 in, dia, plunger

Force to eccalercte « 1,6 Tons

Force to ovarcare *riciion - 2.0 Tous
Total = 474 Tans
Double for oneratins ~ar-in = 0'¢8 Tans

Egtwr force renidred due to t114 (1 in 103') -« 63 Tons

Total forco req ired « 157,.87ons

Voluno of oil for epaning o~ elosins covers = 113 fal.

Punps required for 2 ~in. onoratisn ss azsm-d shove - 8 at 78 fel/-in

Horsepouser required for nomal operation -« 320 'P

Horsenower at full capacitv of cnrine « 500 i°




B,2,1 ‘cehenical Tley ireionts for Nolling Cover « Sloned . ila

Wolghts Laryo Cover 1180 Tons
faa1l Covor L920 Tons

Distaice Travolled =« 103 ft, for cach

decclorstion for 1 minute - deceleration for 1 ninuto=Total opening tine 2 ain

Yoxlan veloclity 103 ft/iin = 1,72 ft/snc
Whoolss Largo Cover 2h=36 in, flancod +h-:els on 6 in, wilde steel rails

S1al1l1 Covir 12«30 in, flanred whesls on 6 in. wide stcol rails
Aaidl Slope « 0P=l2¢ = 15,10 in. 4n 103 ft, for 2 rin.opening
Roping = 10- 13 in. dia, rop=s for sall door on LB 3/: ine sheaves
16- 12 tn. dia, rop-a for lar;e door on 'S 3/l: in. sheaves

2 to 1 ropin- on carine with 3} in dia, plunfor

Force to ezcelerate - 16 Tons
Force to orurcoa friction - 32.$ Tous
Totﬂl - h?.L TONO

Double for ror-in = 95,5 Tons

Forece requirad to ~ove the wel:ht uwp ¢ lnubs lonn « 20C Tons

Force ro~:iro?! 1o clozc cover (1 2 »in, = .72 + 200 = 29,8 Tons

Eaxthur: foren to ralse covers nn worst slape (1 7t/103 £t tilt) = 260 Tons

Force requirad to cloze coverg with chove tilt - 3548 Tons

Forco avallahla ot en-ine - 3€) tons

Velrie 0F o1l purprd Jurin- closin=257% rede

Puaps ro-uired for 2 nin, oparaticn as asowind above = 17 at 74 gal/:n

Pnps required for 20 min. oprration prins required = 2

Horsapouer wcmi~ed for 2 minute closin: = 772 to 920 #P

Horsepowor roevuired for J rinute cloain~ -« 33G to L6O P

Horsepover rejuirod for 20 minute closine <« 77 to 92 HP
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B, 2,2 Machenical Tlequirarent s for theel Jacks
Weipht of doorp - 16,400 Tons
Uo. of whels = 36
locd prr vheecl = Lh6 Tons

207 moxrin to hreck scol = 91 Tona

Total Torce revuired ot oach el <« SL7 Tons

Pluncer dizioter ab 1500 nsi < 30-'9

Rall ran required for 1~ jouorin: = 15W

Volwne of 1iauld resalind (36 vhzels) = 170 rue
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3-3 Mochanical Rmjuirenenis - Liftinc Cover
@,

Velrhts 700 Tona
Distenco liftods 56 ft.

Aceeleration of 1 nimute = deccleration for 1 minute « Total Opendng Tiie 2 aln.
Maxtzum velocitys 56 ft/hin = (933 ft/s0e
Srltirders required 6-L9" pluncors

Force to ecceleorato = 3,38 Tons

Force of friotion at nackins = 60 Tons (est)
Force for dead wolrht - 7000 Tong

Total 7063.30 Tons
Force avallablz ab 1250 nsi = 7100 Tone

Volune of oil re-uired durin~ opcnins « 32,900 gale

Volune of arcs:uletor tanks reqiired =312,000 ~al,

32,900 gp~ pupdne roquired for 1 mimute recovary (34,320 UP)

Sh8 ¢ pusping required for 1 hour resovery (570 i)
109,5 rp: peaping roqudred for 5 hours recovary ( 11 HP)
Force req:irod to break neal -« 20% x 70C0 = 1400 Tons

Total force roguired to start cover = W00 x 7C63.38 = £L63,38 Tons
Force available at 1500 psi « 8500 Tons




D(L)-6570

Bl #nchanical Neguirenents = Af:craft *lcvator
Weirht of plene and platfom - . hoO Tons
Distance travelled = S6 Foct
Acceleration aesiro gt - 3.75 ft/eec?
Total oporst n: time 3 nin, - Since this is an accumulator systm,
tinmo moy be reduced if desired,
Roping S «1} in. dia. cables at each of i hitchoa

2 to 1 ropinr to enrino with L5,S in. disneter plunzer
Totel force renuirad to raise loaled plotfora - 532 Tons (includes

acceleration end losses)
Force availehle = 535 Tons (at end of clevator travel)

Volune of oil ner operation ~ 2340 ral,

hecumulator tank volune = 16,350 ial.

23L0 ¢pn pumpin; reqiired for 1 oinute recovery (2520 iHP)
39 £m punping required for 1 houwr recovery (27.4 4P)
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B.S.1a  lechanical Roquirements for Bascule Typa Door

Without Countorwoipit

Weirht of Docr = 2650 Tors

Accelorate for 1 ninubo = decolerato for 1 ninute-total operatins timo 2 -inutes

Haxiamn Volocity = 6 “’/:un - 936 ﬁ'/sec

Force to decrlorate = 1,2 tons

Force to ovorcole friction = 0.3 tons
) Total 5 tons

Ropiny - 18 - 3" to cach of two engines
Dnrdnes -« 2 = 65" dia. plunger with 1 to 2 ropirg

Force roquire? to cloce door < 2,477 tons

Force available at onpino - 2,46 ° tons

Vol:ie of 0i) nuinad 9,670 ~als,

Puips roqiired for 5 ninute operation - 25

Punps regtirel for O sinuto opcretion « 3

Pivots - £ fourerow boarincs
Peak H,P, at start of S nin:te closing = 2,h50

Peak H,”, ot start of LO mi-ute closin~ - 306

fote: Varisble delivery p:aps can be used to decreace this horsopower
at start of 1ift,



B.5.1b :‘echanical Roquircients for Dascule Tvpo Noor

With Comterualcht

Welght of Doar = 2650 Tons

One~alf counterwnicht <1325 Tonsg
Totel 3975 Tonms

Acceleratn for 1 ninnte = docolorato for 1 -in, = Total oponing tino 2 ninutes
Mexinua Veloedty = 56 f/in » ,930 f/snc

Forco to decnlerate = 1,2 Tons

Force to overcoio firiction = 0,3 Tons

Total 1,5 Tons
Roping = 18 « 3" repes 1 to 2 on two L™ din. encines
Foreo ronuired Lo closn dome - 122U Tons

Foree availabl» &t en-ine - 1246 Tons

VYoline af o1l miinod - 3970 rale

Puips ren:irad for 2 ninute oneretion - 1

Pumps roauired for 20 ninute onoretion - 2

Pivots « 8 front-row Loarinre
Prak 1P, at stort of 2 min, closint <« 1250

Poak H.P, at rtart of 10 nin, elosing =« 125

Note: Variable delivery puipa can be wed to decroase this horsepower

at start of 1ift,
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B.5e2 liechanical Requirements for Uprirht “ol'4ins Doors « Level Trecks

Weipht of doors = 2650 Tons

Distance travelled - 53 ¢,

Accolorate for 1 rimitn - decoleration for 1 =in.-Total opening tite 2 nin.
Maximum velooity - 53 ft/ain » 803 ft/eco

Roping - 2 - 1" ropes each door t0 each engine

b to 1 roping on encino with 12 in, plunyer

Force to accelerate = 1,21 Tons

Force to overcone friction = 5.20 Tong
Total 6451 Tons
Double {for mar—~in « 13,02 Tens

Farce req:ir~d Lo =ove one -loor u» slone (1 £6/103 £t) - 12,95 tons

Haxin foree in cach znt of coebles « 192,36 tons

Doors weirhts av eiial « m extra force reoq ired becavsze of tilt,

Haxine: fores req ired Yo onvn ox flogn Joere « 13,02 tas

Far'on aveilekle - 21,2 tons

Volurie of oil nmrined durine oporation = 73 noal,

Pups rigud ed = 1 st 4O pal/nin

Horsepower royvirod for 2 nin. operation = 25,7 to LO HP
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Bs5e3 rochanicml Reguirenonts fa Uprd~ht Rollin~ Noors « Slopad T-acks

YWolrht of doors = 2650 Tons
Nistanco travolled - 53 ft. oach

Accelorate of 1 niinute = dacelerate for 1 nmin.-~Totel oponing timo 2 nin,

NHaxi-un velocity - 53 ft/ain = 593 ft/soc
Ropins = 2 = 1} in. dia. ropes each door to eniine
Rafl Slopo = 0° 12! = .65 ft. 1n 53 ft.

L to 1 roping on en;ino with 18 in. dia, plwzer

Force to accelsrato -« 1,21 Tons

Force to ovarcona friction~5,30 Tons

Total 6,51 Tens

Dou e for narrin = 13,02 Tons

Foree roguired to ::ove doors up :2' slope = 32,.!: Tons

Doors welchis aro ev.el = no sxtra force requivred becouso of tilt,

Forco required to close doors = 45,112 Tons

Forco availabl: froa en~ino = 47,75 Tons

daximun forcen in earh set of cadbles = 35,8 Tons

Volme of oil n spod = 175 cal,

Puwe requdred for 2 nine closine = 3 at 60 gal/uin

Yoracpouer reqiired for 2 min, closin- « 62 to Th IP
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BoSels ;echanton) .ieg-dre-eats for Vrrtical Slidine Door

Wolcsht of Door 2030 Tons

Distance Travellnd = 48 ft.

Accolerato for 1 minuto- decelerate for 1 mine-total opening tine 2 nin.

Mexinw: velocity = L9 ft/+in = 802 ft/nec
Slone of door = 30 dorrocs .
Ropinz - 4 = 3} in, cableo ot each end to engine

10 =« 3 in, cablco at ench end to comteorveizhis
Countervolshrts- 2 at 10,5 £t x 18,5 ¥ 9,25 £t » 888 Tons oach
2 to 1 ropinc on engine with 25 in, plunger

Force to arerlerate = 0.38 Tons

Force to overcone “riction .32 Tons

Total « 44,70 Tons

Forco aveilable (Door 'lei-ht = Cut.) = 178,7 Tons

Forca evallohle at encine « 185 Tons

Yolme of ofl) for closine -loor - 612 cele

Puips rooxdred for 2 nin. cparation = 4 at 7h ¢al/1in (360 to 320 I?)

Pu.ps requirad for b nin, oparstion = 2 at Th ral/ein (150 to 160 M)

-61
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B6l STELALY OL ESZINATZD CQ82&
(:*rchanicel Roguire.cnts Cnly)
Tovors lollod  covers Rolled
Cover Ralged Aong Aony SYopod— Above Ground
by 6 Pistons  Lovel falls & Pails & Door lauered
& Mevator "‘evator T1evator Into Pit
Cylinders Yes - - -
Plunger Yos - - -
Pressure Tenks Yes - - -
Storace Tanks Yeos Yes Yes Yes
Pipe Yeo Yoo Yos Yes
Platf.Stabilization Yes - - -
fquiptent
Alr Coapro-cors Yoo - - -
Flee.Control."quip. Yes Yeos Yoo Yeo
Punps Yos Yos Yes Yes
iotors Yes Yes Yes Yes
Oydraulic [leid Yrs Yes Yes Yos
Soal Cb(?t‘. 1ech, - - - -
Hyiraulic “nrine - Yas Yes Yeso
Cables - Yes Yes Yes
Wheels - Yes Yes Yes
fails - Yes Yes Yoo
Control Valve Yos Yes Yos Yes
Cuidin; Fquipment - Y-8 Ycs Yes
fheaves - Yos Yoo Yos
Filters & “trainors - Yes Yos Yos
Coutorweicht - - - Yos
Locks - Yeo Yes Yes
Pivot “locks - - - -
Boaringcs - - - -
11t Cyliniors - Yos Yos -
Ylevator Yoo Yes Yeo -
MR AL‘éorpﬁion - - - !ea
Equipacent
ESTTIATD COG? T0552,512 3,133,336 3,571,729 1,812,534



D(L)-6570

B2 SUEIARY QF DEIINALL

€281

[ 5
(1~}

(1]

-
.
.

L 3

(¥echanical Requircionts only),

T5ove Groand  Above Ground  Jbovo Ground  Above Crownd
Roltod—DoorsRollcd

Doors ¥ Pivoted Pivoted Doors
on on Sloped Doors wvithovt C.T,
cylmd_‘ra [ 3 - - -
Plunger - - - -
Pressure lanks - - - -
Storare Tanks Yos Yes Yes Yeos
Pipo Yes Yes Yo Yes
Matf.Statdlization - - - -
Equipmond

Alr Coaproscora - - - -
Flece Control Tquip, Yoc Yos Yes Yeo
Pups Yes Yos Yes Yos
Fotors Yes Yes Yos Yes
Hyxdranlio Fluld Yeo Yeos Yes Yos
Eegl Cper. Yos Yeos - -
Hydraulic “ngine Yes Yos Yos Yoo
Cablos Yea Yes Yos Yos
vheols Yes Yes - -
Ralls Yos Yes - -
Control Valvo Yoo Yeosn Yes Yas
Guiding Equimnent Yos Yos - -
Sheaves Yos Yeo Yoa Yes
Flters & Stratners Yoo Yoo Yes Yos
Countorweirht - - Yes -
Locks Yes Yos Yes Yes
Pi:0>. Blocks - - Yoz Yeg
Bearings - - Yes Yeo
1ift Cylinders Yos . Yea - -
uw‘wr - L4 - -
Shock Absorption Yeo Yoo Yes Yes

Equipnent

ESTIAT'D COS? 954,227 999,059 3,079,153 3,908,153
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