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NAVT ARCTTC HUT. (MARE r)
':

ENGINEERIT{G TEST$ UNDSN CONTNOLLED OONDITIONS
$ERTES 1 AND 2

*tf*tllT*

PART I - SUMMANY

TN,IRODUCTTON

Thts report oovers a serles of tests mad.e &s a pa,rt of

e program to evaLuate the suttablLlty of the Navy Aretlc Hut

(Mgrk f) for advanced base use &s a seml-permanent aheLten

under cold. sondltlons. The tnvestlgatlon vas conducted by

the 'Provtng Ground, &R actlvlty of the U. S, NavaJ- Advanced

Base Depot, Constnuctton Battallon Center, Port Hueneme,

CaLifornla.

Appqorlgr

Authonlty for the tests was lssued by the Bureau of Yards 
.

and. Docks, Washlngton, D. C. on 16 August 1948 ln accordance

wlth the pnovlslons of Provlng Ground Order IIA1-000 01A' a

copy of whlch ls contatned. ln Appendlx A,

Phyql9-gl*P.eegr1,gtlon of tlut
fhe Douglas Alrcnaft Comoany, fnc', of Long Beach, Cal1-

fonn:[a, deslgned and fabrlcated. the hut under Contract N0y-

L4943 1n compllance wlth speciflcatlons contalned. 1n Appendlx A,

The hut 1s a llghtvelght, prefabr.lcated stfuctune, 20 feet

vlde, 48 feet long, and 8 feet hlgh, wlth a low-pltched

(f foot tn 10 feet) roof, The floor., wal].s and roof are m&de
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up of penels conslstlng CIf a resln-lmpr.egnated, honeyeombed

paper cere sand.vlshed. between 0.020-lnch alumlnr.m sheets,

r,rlth plastt.c lamlnated. f lberglass ed"ges. $hlp lap Jolnts

are used. to Joln the panels ln the sam,e pl"ane, and butt

Jotnts for panels 1n dlfferent planes. FeLt strlps ar-e used

to seal a1)" panel Jolnts. Bu11t-u.p alUmtnr:m sectlons are uged

to form the bu11'b-.1n, vented. found.atlon beams, and the tnans-

verse and rl.dge beams used" to suppor"t the peak of the roof .

Metal c1lps wlth self-contalned ved"ges are used to secure tlte

foundatlon beamg, and alumlnurn or pJ.asttc metal-tlpped screw

plns or wed.ged pl"astlc plns are used for. alL other connectlons.

The waLl 'oanels are"3 lnches thlck and 4 feet wlde, and

range from 8 to tO feet ln Length. The noof and floor panels

s.re 5 tnches thlck, 4 feet vld.e, and LO feet 1ong, A partl-

tlon r,ralL 3 lnches thlck, aLso made up of paneLs 4 feet vlde,

ls used. to fornr an entnance vestlbule. llhls partltlon and the

two end walLs contaln doons fltted vlth refrlgerator-type hand'-

lrs.re. The ?O-foot, llO-pound transvense r:oof support beam ls

the heavtest pleoe 1n the hut"

Fefore acceptance of the prototype by the Navy, a serLes

of structural proof tests (trpp )+9-94) conducted by the uanu-

factu:ren, confirmed the abl11ty of the hut to wlthstand the

stlpulated fl.oor, roof and wlnd. loade unden certaln condltlons.

PuTnosq

The prlmary purpose of the $erles l- and 2 tests was to

evaLuate the hut as a nr.efabrtrcated. structure and as & senl-

t
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permanent shelter for. hunan oecupaney und.er ,c,o1d eond.ltlons.,

$peclflc&L1yr, these tests were eond.ucted unden contnolled

condlttons to d.eveLop an ereetton pnocedure requlrlng no

more than 15 men; to determlne the best method of packaglng

the hut parts for ah"borne, ::a11 and water shlpmenti and to

detepmlne the ease of erecilOn, ttre extent of, lntertor comfort,

and the struetural ad.equacy of the hut at lov amblent teuper-

atunes. A secondary nurpose was to obtaln any test data that

vould be use,ful |n the general study of houslng troops ln Low

temperatures.

$cone

The Seri-es 1 tests, made under 1deal condltlons at Po:rt

Hueneme, Callfor.ni-a eonslsteci. of the development and oenfectlon

of an erectlon and disassernbLy technlque ad.antable for enectlons

both on the ground" arrd' on p11e found'ati"ons, the eelectlon of e'

packaglng nedlr:n and method of packaging for alrborne, ral1 '

and water shlprnent, and an lnstrumentatlon stud.y for collection

of data ln the $erles 2 tests. In p::eparatlon f,or the tests

under coJ.d. condltlonsr a heatlng and ventllatlng system was

sel-ected and the speclfled space heaters vere nodlfled' for use

ln thls system, an electrtcal harness was deslgned and fabrl-

cated., and a 1.2-man team was selected and tre.lned'.

The $erles 2 tests vere made tn controlled Low tempor&-

tuires ln the Cltmatic Hangar at the Air Provlng Ground, Eg1ln
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Aln For.ce Base, FLorld.a, dunlng the MIII-*49 test perlod.. Itt
selected temperatures of 15, 0, -2A, -4O, and. -65 degrees

Fahnenhelt, enectl-on and dlsassembLy, treatlng and. ventlLatlng,

and structrr::a1 a<lequacy tests were conducted as detalLed ln

the Memorandum of rest Procedure contalned ln Append'1x A'

)
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LOW TEMPIIRATURE [E$T RESULTS

Based. on the teste cove:reC tn detall in Part II of thls

report, a sunmary has been mad.e of the adequacy of the hut,

1ncJ.ud.1ng the her:ttng and."vent!1atlng systemr, for selected
'l

low amblent temperatures,

4!--65-oe@
At an ambl-ent temperatune of -65op wittr no wind, a tnalned

12-man erectlon team can erect the hut on a prevlousLy gr"aded

area or a plLe foundatlon ln 2 hours and 30 mlnutes. Thls

tlme w111 perrnlt two ::est perlods of 22 mlnutes each whlch

were found necessary vhen vofklng at thls extreme 1ow temperature''

l,Ilthln ! hours afte:: the start of erectlon, uslng two 50,000-Btu,

oll-fl:red" space heaters, the temperature 30 lnches above the

floon wlL1 be LOoF, and vlthLn }-t/Z hours lt will" reactr TOoF'

' ..r".rtllatjrns a1:: e.onr.oxlmate hour, theChanglng lhe ventllattng a1r approxlmately once each

floor surfaee temperature w111 be li?oF as w1l-I the aln aror:nd

the ankles, th.e breathlng level, the temperature w111. reaclr

84oF, and" Just u::de:: the roof, lQooF. Malntalnlng these temper-

atures w111 requlre 97,000 Btrlrs of heat lnput per hour, but by

uslng,4 wall-mounted eLectnlc fans to a1d clrculatlon of the

al{t, the lnput requlrement wJ-1L be reduced to'841000 Btuts

per hour. The vertlcal temperature distrlbutlon wll"L become

48oF on the floor surface, 43or' at the ankles, f6oF at the

brea,thlng leve], and, 79oF qnder the cel]-lng. fn either case

only 511000 Bturs wtlL pass through the structurne and the

balance w1}1 esoap@ through the ventt}ating'd,lr, and tbe

'5i



combustlon prodtrctlons. The afu' temperature under tllo hut

v111 be :-65oF.

Cau}ktng the roof panel Jolnts at the eave ltne and at

the 4-corn€r fl-oon Jolnts dotrn ttre centen of the hut wlth

cotton J.ampwLeklng w111 prevent excesslve entny of cold a1r

through the floon Jolnts and Loss of heat through the eaves'

No other cauJ-klng v111 be necessary at thls temperature'

However; Mlnpesota Mlntng $eaLer 8C800, neconmend'ed by the

nanufacturer of the hut, could be used tn p3.ace'of the cotton

lanfiwtqklng, and |t can be appLled wlttrout dlfflcuLty 'nrlth a

hand-operated. caulklng gun.

' '$lxteen men can 1lve comfortably X.n the hutr although

they vouJ-d flnd the a1l| qulte dry. Thi-s cond.ttlon can be

remedLe6t.gonewhat by addlng 1",1B gallons of water pen day to

'the ventlJ.attng aln through evaporatlng pans on the heaters'

The addltlonal. moletur"e w111 cr:eate a relattve humldlty up to

30 pen cent, maklng the hut comfortabLe for 80 per eent of the

oecupants, and there w111 be no condensatlon'

"t A fall of snow, loadlng the roof to a depth of 7-l/2 feet,

and a fJ.oor loadlng of 75 pounds per square foot wou1d cause

a deflectlon'of 1,66 tnchos 1n the center of the traneverse

roof supoort beams And.Lesser deflectlons 1n the rldge beamsr

and 'the roof and floor pane].g. Iloyever, o& :removal of these

load.s, the paneLs and beams would return to theln orlglnal

thapeE., No damage would nesuJ.t frors these loads, and a

dlsassembl"y' woul,d be easy, nequlrlng less than 2 hours provldlnB

-6-



aLL.caulktng he,s been done vlth cotton lampwlcklng.

At an amblent temperature of -?QoF wlth a mod.erate wlnd,

the hut can be enectecl by a tralned 12-noan team 1n I hour and

35 nlnutes, and ? hours later. the temperature of the lntenlor

of the hut 30 lnches above thq fLoor wtI1 be 70oF' changlng'

the ventllatlng aln once each hour, the fLoor surface tempen-

ature v111 be 6?oF, and the temperature around. the ankles w111

be 55oF. At the breathlng leveL the ternperatune v11l- be 82oF,

andundenthecel.llng,99or'.Tomalntalnthesetemperatures
v1Ll requlre 5B,OOO Bturs of heat inout per hour, but by ustng'

fans the lnput requlrement r,rllL be reduced to 5BTOOO Btuts per3

houn. The temperatures w111" become 55oF on the floor surface,

55oF at the ankLes, 73otr' at the breathlng 1eve1, and 75oF und'er

the roof. In elther case, 381000 Btuts at most w111 pass

through the structure, and the balance w111 escalpe throUgh the

ventlLatlng alr and the corabustton products. The atr temperature

und"en the hut w111 be -18oF, or 2 d.egr"ees warmer than the

amblent alr'. The caulklng requlned w11.1 be the same as that

r.equh.ed at -654F.

The additlon of 3.54 gallons of water pen d'ay to the

ventllatlng a1r wlll- cneate a relatlve hum1d.1ty up to 40 per cent

maklng the hut comfor"table for 907 of tlne occupants, and there

wlfl be no cond.ensatlon . '

Dlsassembly of the trut w11L

a1,1, caul,klng has been done wlth

requlre 45 mtnutes Pnovldlng

cotton lampwleklng.
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At 15 FgjqTges Fahn.enloelt

At an amblent temperatune of 15ol'wlth a mod'erate wlnd'

the hut can be erected by a tralned 12-man tea;n ln t hour and

22 mlnutes, and L hour and 20 mlnutes later" the lnterlor temper-

ature of the hut 30 tnches above tlre floor wlLl be 70oF.

Changlng the ventllatlng alr once each hou:r, the floor surface

temperatune vllL be f4oF, and. the temperatul:e around the ankles,

63of,. At the bneathlng level, the tenperature v11.1 be 74oF,

and under. the celllng, 85of', To malntaln these ternperatures

w111 requll"e 401000 Btuts of heat lnput per hour, but bY uslng

the fane the tnnut requl::oments w111 be neduced to 34r 000 Btur s

per hour.. The temperatures wlLl become 6$of' on the floor

surface, 65op at the ankles, TOoF at ttre breathlng LoveL, and'

?loF under the roof. In elther ea.se, 24rOO0 Btuts at most

wlLl pass through the str:ucture, and the bal-ance w111 escape

thr.ough the ventllatlng air and. the combustlon products' The

alr temperature under the hut vll-1 be L8oF, or 3 degrees warmer

than the aroblent atr.
The cauLklng w111 be the same as that requlre6 at -65oF.

Iloweven, 1f there 1s a probablllty of preclpltatlon, 1t w111

be necessany to caulk all the outslde wal1 and noof Jolnts

wlth Mlruresota Mlnlng E0800 $ea}er to waterproof the hut.

The add1.tton of 3.$4 ga3"1ons of waten per day to the

ventl].atlng alr v111 create a ne]atlve hrrmldlty up to 50 per

cent, rnaklng the hut oomfortabJ-e for all oocupants' and there

wLLL be no condensatlon.

-g



Dl-.sasEembly .of the hnrt w1L1 nequlre only 45 ml.nutes

provldlng only trampwtcktng l-s used for eaulklng.
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c0NCLU$IoNs

The coneluslon be,eed on the tests conducted to date

on the Navy Arctlc Eut (wtent< I ) are consldered prellnnlnary

end subJect to revlsion vhen data 1s avallable from the fleld
servlce and. utlllty tests to be conducted by the U. S. Na,val

lrctlc Test $tation at Polnt Barrow" Alaska.

l4erlls-
The coupleted tests have proven the hut to have a number

of features, both 1n deslgn and funci.i*rn, which shouLd be

consld.ered. 1n the adopti on of a standard design for an Arctlc

$heLter.

Qeslgn.

The bulLt-ln, vented. forindation makes possibLe the erectlon

of the hut dlrectly on the ground wlthout d.anger of excessive

heat entrapment r:nder the hut and subsequent d.lsturbence of
the therma,l regine of the permafrost provided the foundation

vents are not bLocked. Even ln r"elatlvely stil-l alr at

amblent temporatures above --20oF', the temperatune und'er the

hut wlLl" be onLy a few degnees hlgher than the amblent slr,
and belov -20"F the tempena,ture under the hut w111 be the same

as the amblent tenpera,turle. The founda,t,lr"rn is adaptable a.lso

to enection on a p1le or on{b fcundatlon lf } foot of support
j-s glven to each 5 ttneal feet of foundatlon beam.

The llghtwelght of the lndivldual parts (thnee nen aa,n

set the heavlest ;:iece) and. the l-arge assenbly connectors,

-10



slngle-thnead nuts, and easlly-cLeaned asse!0bLy ho3.es nake

the enectlon of the hut slmpLe even at very low tenperatureg.

An r:ntralned team of L2 men can erect the hut tn l-ess than

4 hours at temperatures above OoF, and. after three succes$-

lve enectl"ons, thls tlne can be reduced. to Less than 1-l/2

houns. An untnalned 6*man team wll"L nequlre about 7 hours

fon the fkst erectlon, arid. wlth subsequent erectlons a com-

par"able reductlon 1n tlme can be made. At temperatures be-

Low 0oF, more erectlon tlme w111. be requlned by tralned" ol:

untralned teans; however, an erection by a traJ.ned 12-man

team vll-l nequtre J.ess than 3 hours even at -65oF.

fhe hut parts, includlng the heatlng and ventllatlng

systom, electr.lcaI harrress, and other. accessorles can be

packaged m 5O boxes fon alr.bor.ne shlpurent wlth no package

r,relghtng oven 400 pounds. 0n1y cand.board cartons nelnfor:ced

wlth steeL bandlng are requlred.

The honeycombed paper sand.wlch materlal used. for the

fLoon, wal.L, and roof paneLs 1s adequate ln strength and

for lnsuLatlon. Further, openlngs fon utlLltles, ventlLa-

tton and the l"1ke ane eas11y made and. the ed.ges neadlly

resealed wlthout lmpalrlng the strength of the panel.

Connectlng the 1ap Jolnts between the panels 1n the same

pLane and the butt Jolnts between the panel.s tn dlfferent
pLanes wlth the Large assenbJ"y connectors aids ln rapid

asserobly. Presslng togethen the felLt seaJ.s of these Jolnts

r,rlth the wed,ged connectors results tn a very tlght Jolnt;
1L



and by lmp:"egnatlng the feLt wlth a low:temper"atu::e g::easi;

lt ls soft and. pllable even at -65oF. A heat tr"ansmlsslon

coefflclent of Q.],2g ,Btu/hr/ft2loF was estab.Llsbed for the

hut as a whole, and less than 1O per: cent of thXs coefficlent

1s cred.lted to tbe losses thr"ough the JoLnts.

FUgg!-Lonal-

As the deslgn permlts er'ectlon of the hut 1n l2-f,oot

seetlons, a shorter. or. l-onger bul1d1ng than the 48-foot pllo.t

mod.el ls posslble. The pantltlon wa}1 can be erected at any

of the thnee panel Jolnts wlthln these l2-foot sectl-ons,

a1Lov1ng conglderable Latltude 1n the dlvlslon of tho Lnter-

lon of the gtructure. ,.

The use of pLastlc assembly connector:s fon aJ.1 1ng{de-to-

outslde connectlons ellnilnates lnterlor fr:ost, and the strength

of these conneetors permlts thelr use 1n copectlng otlrer

obJects to the waLLs and roof,. For exampLe, these plns have

been used to secure the eJ.ectrLeal harnees, llght f,lxtures

and fans. 0ther posslble uses lnclude supporttng bunks,

cablnets, wash baslns, and so forth, .

The felt seaLs ln the panel Jolnts are alrtlght, but not

uatertlght; hororever, the Minnesota l"llnlng $eal"er recommend'ed

by the manufacturer of the hut as a watertlght Jolnt sealer

should ald materl,alJ-y 1n renned.glng thls condltton.

The hut ls ad.aptable to a varlety of heatlng and ventJ.La-

tlng systens, but satlsfactory lnter.lor tenperature dlstribu'

tton both ver.tLcaLJ.y and. horlzontaS.l.y can bF achleved wlth

space heatens, naturaL ciroulatton Of watrm alrr and agravlty

-12



system of ventlLatlon. The use of osell1at1ng electrlc fans

mounted on the walfs ln such a manner aS :to cause clrcuLatlon

ln the coltners of the l.lv1ng quartens wlLl reduce the vertl-

caL temper.ature dlfference and. mAke the quarters more comfor-

tabl.e. Wlth a gnavlty system of ventlLati.on, up, to I atr

chAnges per hOur are posslb}e at low outslde 'temperatures

even wlth natural clnculatlon of warm al,r.

The lntenLo:: wsLl and roof surfaces are warm even at 'low

temperatures' and at -65oF they are warm enough to pennlt a

l0 per:cent nelative hunrld.lty ln the 70o alr before causlng

condensatLon.

Dpfl,.piSFcle,s

Deflclenctres were observed., both tn the design and. f,unc-

tLon of the hut, whlch requlre addltlonal study, deveS-opment,

and/or. redeslgn.

Des+gq.

The aluml-num sklns of the panel"s are hlghly suscepttbl-e

to dentlng, puneturlng and tearlng. These rUptures s,re eastly

repaired, but the development of a tougher and" more plte.b1e

slcln ce\rertng, retatnlng the strength, llghtness and heat

retentlon of the alurnlnum sklns ls hlghly deslrabl'e.

,The unoLded paneL ed.ges of Larntnated flberglass reta,ln

thetrr shape and are pL1ab1e at 1oW temperaturesl however", tn

war&, molst alr these edgbs tend to war.p between the retrn-

fo:roLng bLocke.

The tlps of both the alunlnqm and. the plasttrc screlr'tJpe

connecton plns a:re bJ,unt nak5-ng lt very dlffleult ts start
i6
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these plns unlees the nut receLvl-ng the sci:ew tlp ls ln
al.most per.fect allgnnent" Lengthening these plns wlth a'

tapened, thr.ead.ed Jolnt w111 rre::mlt self-aLlgrwrent and ald

mater"lal.ly ln erectlon. In addltlon, the plastlc screw

pin should be strengthened ln the Joi.nt betveen the uetal

tlp and the pLastlc shank. The plastla wedge pln ls satLs-

factory, but couLd be luaproved. by stnengthenlng the area

betr,.reen the wedge sLot and the t1p of the pln.

The strJ.ker pl.ate of the door. hardware d.oee not provlde

protectlon fon the d.oon Jarnb. The strlker ::ldes on the Jamb

when openlng and cJ.ostng the door, and, ae the Jamb ls made

of Lamlnated ffberglass, 1t ls serlously grooved by this

contact. The str'lker pLate shoul-d. be redeslgned to cover

and protect the Jamb.

Functtona]-.

[he space heaters used. ln these tests pnoved adeguate"

but a red.eslgn to reduce the slze of the outer" Jacket, and

& study to determlne the feaslbl]lty of uslng a mechanlcal.

means of revenslng the flow of heated aln forelng lt out at

the bottom of the heatens, ls deslrabl-e to effect hlgher'

temperatures nearl the floon at lov otrtslde temperatures.

[h1s devlce shou].d be lnstal.led ln such a manner that natunal'

flow of heated alr coul"d be used ln the event of a power

fallune. The Provlng Gr.ound wllL make a study of the pnob*

lem before recommendlng a change 1n the pr€sent deslgn.

Movlng obJeqts lnto the hut whtsh are too large to pass

through the doors can be aceomplls,hed by removlng one or

14



more of the end. wa1l panels. At the present tlme thls can

be accompllshed wlthout much dlfflcuLty; however, lf the lap

Jolnts on the two d.oor. panels were made to faoe out lnstead

of one out and. the other in as ls now the case, removaL of

these panels wouJ.d be gr.eatly stnpLlfled.

_15



nFo0I${ENDAT!oN.q

It ls recorimended that:
1. A panel skln be d,eveloped that ls tougfier gr'rd

Less susceptlble to d.entlng, puncturlng and tearlng, yet

r"etaj-nlng the li8ht welglt and heat retentlon qualltles of

the present aLunlnum skln,
2 r The panel ed,ges be redeslgned or relnforced. to

pr.event vanplng when subjeoted to moisturer yet retalnlng

the tenrpenature characterfstlcs of the pneeent flbergl,ass

edges r

3r The plastlc connoctors bo redeslgned to obtaln

a, stnongen Jolnt betveen the plastlc shank and the utetaL tlp
of the sorer,r oorureqton and. a stnonger tlp on the vedge Gorr:'

nector., yet netalntng the low heat-transmlsslon character-

lstlcs of tFre pr,esent plastic cotrnecbors.

4. The screw confrectorg, both the alumlnum type

and the plastls type, be ns.de eelf-aH.gning by addlng a

tapered., threaded jolnt.

5, The stniker pl-ate of the door" hardr,rare be en-

langed to gLve protectlon to the Lnglde edge of the d.oor

janb;

6, The panel lap jolnts on the end wall panels

be al-te::ed. so that both ed.ges of one pa,nel fase out in eaeh

end wa3.l and the -partlti.orl walL.

slgned to

2 lnohes

7, The pnesent heatlng systen be studled, and r"ede-

produce hlgher tpmperabures 1n the leveL from

to 30 lnches above the floor, '

-16



The Provlng Ground w111 make further stud.les and

recommend red.eslgns on Items 4" ! and J.
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E:rectlon and dlsassembly tests of the Navy Arctlc Hut

are cover.ed ln thi$ part of the report,
The ultlmate objectlve rrras to ascentain the normal speed

and ease of ereotlng and disassembling the hut at a -65op

outside temperaiure. Othe:: major objectl-ves were to perfect

an er.ection and dlsassembly pr.ocedure, and train a 12*man

erectlon team; to select packaging for the hut parte to give

adequate protectlon in air shipment, and to slmplify the lay-

out of the hut parts around. the erectlon site; and to deter'

mine the ef fect of repeated, er"ectlons on the hut. Mlnor

objectlves included. d.etermlni-ng ease of instalilng the heat-

lng plant, ventilating system and eiectnical wlrlng hanness

at low temperatures, and the ease of caulklng and extent

neoeBsary to pnevent ieakage through the jolnts o

To penfect the procedure and traln the tbam, erectlon and

dlsassembly tests 'were conducted under ideal conditlons at

Port Hueneme. The tralned tean: van used also for slmtlar

tests tn the Cliuratti llangar.. Compie|e.tests were made at

amblent tempe:ra-Lrlres of 7ooF, 15oF, -2OoF, and. -65of , and a

partlal test at -4CoF.

A brlef d.e scrlptlon of the hut and tabulation of each

pant wlth quantl-tles and lndlvlduaL welghts 1s contalned ln

Appendix B.

-18



Er,ettlpq .Eqqlppe$t -+.n4 
sgecigl PJLrts

The only tool actually needed. for assembly ls a useful
par.t of the hut. This ls the 7-Lnch lnsld,e door handle,

deslgned. to serve as a screwd.r,lver, a wrench, and a rnallet

fot' securing the assenbly connectors. However, additlorral
tools found, useful ln the assembly of the hut lncluded.

wooden mailets, dnlft pins, mason*type Levels and 2-step

benches. To instali the heating plant and. the electrlcal
ha::ness, and to caulk the hut, lt vas necegsary to uso plpe

vrenehes, screvdrivens, oaulklng lrons and caulking glrns.

Wood,en wedges , L2 inches vLde by 24 inches long were used

ln pai-rs for" leveling ttre foundatlon beams, both vhen the hut

was erected. on the ground. and. when erected. on a simulated piJ-e

foundatlon. For each foundatlon conditlon, care was taken to

insure that L lineal foot of bearing was obtalned for each 6

llneal feet qf found.atlon beam.

Steps vene not furnished vlth the hut, and a set fon both

outsld.e doons was fabr'lcated tn accord,ance vith the detalls
contalned. ln Append.lx B. [hese steps werae constructed. of

aluminum and. plywood, and braclcets vere used to attach them

to the hut. The brackets were slottod for adjustment to the

requlned hel.ght.

The heatlng plant and ventllatlng system also ls detalLed

1n Appendlx B, Eaeh pl.ece was deslgned for easy installatlon
even whlle wear.lng Arctlc mLttens, fhe fuel supply pipes were

fltted wlth unlons a,t the aesenlrl-y jolnter, &rrd. yokes'welded to

the fenale part of theee unlons ellulnated the need fon wrenches.

- 10
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Plate 1. lfbe technlquc for erccting and dlsaareEbllng tho ltavy Arctlc Eut
(fut I) rer pcrfcctCtt ln ldcal ycathcr et Port HucncEc, Cellfornta. Ihc
foudatloa bcanc vcro placcd orr a prrcparcd baae, aad thc floor paaelr and ply-
rood floor lurfacc! vere placed on-thcre bcans (fg. f). thcn thc vallr end
roof rcrc crsctrd rluultancously (FtA. 2) untll tha hut uar colplctc<l (Flg. )).
lhc b.tlc tool uled vac the f-luch lnllda doon lrandlc (F19. 4) rcrvl4 a! a
r!.rtaCh, a tCrcrdrlvcr and e oallet.
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The electricaL wtrrlng harness, fabrlcated as detalled

in Appendlx B, was d.esigned. as a l-wh"e, self-grounding

systeuo. Connectlon of the var"lous parts of the harness was

slmpllfled by uslng twlst-Lock plugs. Metal cllps, attached

to the hut assembly plns, held ln place the vlres, flxtures,

convenlence outlets and swltches.

Fgf,fp,S,tlqll, of , EI.gc:tl.on Pfopgduqe

Before conduetlng the enectlon tests under cold condl-

tlons, tests were made at Pont Hueneme to perfect an erectlon

p:rocedur.e and train a 12-man Seabee erectlon team. Flgs. 1,

2, and 3 deplct a few of the stages of erectlon, F18. 4 Ehowe

the ?*lnch door-handle tool, and Flg. ! li.lustrabes the lay-

out of the panele around the erectlon slte,
After development of a procedure and perfection of a

technlque, and" the'team had beconre dexterous ln handllng the

parts whlLe searlng Arptlc mlttens, the flnal erectlon under

ldeal aond.ltions waa accompllshed 1n t hour and 12 mlnutes,

and the d.lsassembly ln 31 nlnutes as sho$m ln Flg 5. All
tlme obeervatlons for. enectlon test-runs started wlth the

pLaclng of the flnst found.atlon beam olt a, prevlously prepared

base and ended. wlth the drlvlng of the last wedge. The dls-

assembly test-runs started. wlth drlvlng free the flret wedge

and ended wlth removaJ. of the last foundatlon bean,

Packaelne Manqgl

In perfectlng the ereotlon pnoeedure a Layout pattern of

the hut parts around. the slte was estabLlshed as shown 1n

-22
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'O Flg. 5, Packaglng of the pa.r.ts fon alrborne shlpment was

based. on this layout. 'To protect the p11ot model-, 1/4-lnch
plyvoOd. was chosen as the packaglng medluuo; however, 1n the

Packaglng Manual now ln prepalablon other materlal ls recom-

nended fon quantlty use.

Erectlon and Mai ntenance Manrral+*

Based on the erectlon procedune developed und.er ldea1

condltlons and lts per.fectLon under cold condltlons an Erec-

tlon Ma,nual ts being prepared. In additlon to erectlon and

d.lsassembly lnstruc.tlons lncludlng personnel essignments,

seotlonE have been prepared to coven l"nstallatlon of the

heatens, ventllatons and electrlcal harnesg, and general main-

tengnce of tho hut.

Eregtlon and. Disassembly Testg
Under,0glA I o+9lEl-onfl

FLaelng and Leve1lng the blocks to slmulate a plle foun-

datlon and laylng out the hut parts ar"ound, this stte preceded

the flrst,erectlon test in the Cltnetlc Hangar^. Thls was

necessary 1n,order to place thls test on. an equal tlmlng basls

wlth pnevlous and subsequent tests.

llhe flrst erectlon test was made ln an amblent temperatune

of ?0oF. flg. 7 shows the tlme required for thls erectlon and

for those mad,e at ,15oF, -2@F, d,nd -65or', es well as the dls-
assemblles. A study of thls d.ata reveal-s that from 70oF dovn

to -2009' wlth no wlnd, the tlme regutred for' ereotion J.ncreased

onJ.y Ll mlnutes, and at -20oF an erectlon requlred l" hour and

Jt mlnutes, Dl,sassembly at -20c$r requlred 45 rnlnutes a.s

-24



comps,ned wlth 3L nlnutes at ?OoF. Actua1 erectlon tlme at

to

at

-55of' nequlred. onLy t hour. and 46 mlnutes, but rest penlods

lncneased. the total tlme

d.lsassembly and erectlon

2 hours and 30 mtnrrtes. Partlal
-4oof' lndlcated that both couLd

be accomplished at that temperature vlthout rest perlods.

The d.lsassembly tlme at -65oF was recorded as L hour and 2l
nlnutes but a rest perlod increased. the total tlme to I hour

and 52 mlnutes. Photographs taken durlng tests are shown ln
Flgs. 8, 9, 10 and, 11.

49am,q +qS f, tancHl_qpg.

Low tempe:-atures had Llttle or no effect on the slze,

shape or aseembly of the founda.tlon, transverse and rtdge

beame, and. the stanchiong. Mlsmatching of the assembl-y con-

nector hol"es by unevon contractton of the parts ws,s not ob-

served.. Repeated erectlons and d.lsassemblles, and uncnated.

shlpment of theee parts, resulted ln scufflng of the protect-
j.ve covering of paint.

Panelg.

The paneLs fltted l-nto place and. matched as velI at low

temperatures as they had in the ere;ctions conducted. under

ldeal conditlons. Punetures and tears 1n the alunlnun sklns

of the pane3.s occunned less often dunlng the low-temperatune

tests, but were easily repatred wlth patches held ln place by

rlvetg.
Panql.Sdgejsr The panel edges, molded from plastle-le-

pnenated flberglass, had shor,rn a tendency to warp between
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the nelnforclng blocks dur"lng the Pont Hueneme tests. Thls

tend.ency was not experlenced dunlng the low-tenperature tests,

and even at -65of the edges were stralgfit, square and pliable.

fhe stnike] plate pnovtded for each'door, lllustrated tn

Flg. L2, eovers only the outslde face of the door panel. This

aLlows the end of tire strlker to rlde on the panel edge when

openlng and closlng the d.oon unless care ls exerclsed. Dtrnlng

the han€fr,f tests constant use of one door cut a deep groove ln

the panel edge adjacent to the door. A 3od.esl-gned strlker
plate to cover the'area, &s shotrn ln Flg. 13, would prevent

thls condltlon.

Fel_t-,.SJi.+I? I The felt seals along the pane3, lap and butt

jotnts and around the d.ools were lmpregnated with ANG-25 glease

pnlor tO the lov temperatut.e testS, Thls grease, applled' to

pnevent fneezlng and subseguent parting of the felt, dld not

lnterfene appreclably vlth the handling of the panels. At

eachdlgassemblylnspectlonthefeltwagfound.tobelntact'
pL1ab1e, and, wlth one exceptlon, free from lce. The lnspec-

tton after the dlsassembly mado at -20oF revealed a very small

frost area coverlng the felt Ln the jolnt betveen a side-vell

and end-wall panel. This fr.ost \ras merely a surface condltion

and d1d not penetrate the greased felt.
Assembly Connectors,

Two general typea of corrrectors $ere used for assenbllng

the hut. Wed.ged metal oIlps, whlctr proved satlsfactory ln alL

tests, were used to hold to6ether the foundation beams, and'
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f/8-fnch dLameter plastlc pins fLtted eJ.then with thread.ed

end,s or slotted fon wed.ges were used to secure the floor,
wall, and r.oof panels, noof suppont nembers j and make all
other connectlons. In general, these plastic connectors

proved satlsfactory except as dlscussed below. An attempt

at -55of' to break one by htttlng lt wlth a harnner proved

dlff tcult. Breakage \^res accompllshed llttLe by llttle' as

the hammer ate away at the pl-n.

Ivie!al-,:31gge,g.-81"t*t*c- Scf.p}r -F,lnF : Durlng the Pont Hueneme

tests breakage or' the metaS--ttpped, plastic screw plns averaged

! for each erectlon and 4 for each cl:sassembly. These breaks

occurred. at the rlveted, joint botween the plastlc shank and the

roetal screlr tlp as strown ln Flgs. 14 and 15. $ubstltutlon 3f
an all aluminuu screv p1n (FrC. t4) for securlng ttre wall,s to

the found.atlon, and d.evelopment of a tapered, threaded drlft
pln for pne-allgnrnent of the fLoon*to-foundation assembly

holeE neduced thls breakage to I for each erectlon and, I for

each d.leassenbly und,er coLd condltloxle. The tapered, threaded

drlft p1$, lllustrated ln Fig. 15, wag made I-L/Q lnches longe:r

than the stand.ard, floor-to-found.ation pin wlth the additlonal

lengttr tapered, and thneaded.

$ecunlng the l"ast two fLoor panels wlth attachable cllp-
mounted nuts and ruetal-tlpped plastlc screur pins (ffe. 1T) hed

caused consj-denable trouble durlng the Port Hueneme tosts.

Use of the dnlft pln for centerlng the nut prlor to lnsertlng

the standald pln reduced thi.s trouble conslderabl-y.
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Yeage{3}astlc pi+g: The four lengths of wedged plastlc
plns are lllustrated ln Fig. 18. Bneakage generally occurred

between the vedge slot and the end of the pin as llLustrated
1n Fig. 19, and l-t became more f:requent for each suceesslve

enectlon up througlr the one conducted at -20oF. A study at

that tlme d.eterm-tned that 75% ot the breakage occurred after
the pln vas drlven and. alignment for placlng the wed.ges v€s

attempted.. To tur.n the pln when allgnlng the slot, the pnac-

ttce had been to plaoe a wedge ln the slot and drive the ptn

around. wlth a nallet to the deslred posltion. Tight flts that

prevented easy turnlng often caused spl-lttlng as demonstrated

ln F1gs, 19 and 20, In the erectlon at -65op, all mtsallgned

plns were baCked OUt, allgned and redrlven. AS a result' none

were broken.

eejs+ bii er.r._e{ ge,p t + +F a+*, -YeB 
g + +a q rgF. .SJp p ? a,

In the erectlon at 70oF, the heatlng and. ventllating system

was lnstalled aften the hut was ereoted' Using 2 men, thls

work nequtred J0 nlnutes, but ln eubsequent enectLonF no extra

tlme was al"lotted for thls job as it vas found these parts

couLd be set tn place rchlle erecti-ng the hut wlth no sacnlflce

of time.

As the temporary olectr"lce,l wlptng harness for the hut,

lllustrated In Flgs, 22, 23 and 24, .lIaB fabr'lcated from Romex

cabLe, lt could not be lnstalled at temperaturos below OoF

vlthout posslble damage. :Thls resulted trn the lnetailatlon of
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FtB. 22 Fte. 23

llat€ 6. fii6 riirng ti.r.i,iess for crlstr.lbutlco of electrlcel porer.rithla the
but soDatlted of tro nelo feeder ltoeo exteadlng the leogttr of the cetltng, oae
co eecb slde of the rldge l1oe. FLS. 22 shovs the nethod used to secure tbc
eods of tbe l1oes to tbo rell, and F1g. 23 shorrs tbe sprlog coaneqtton usgd at
ihc rerrrtce eqd to obtalo a teut llne. In Flg. 24 a cetLtng ftxture 1r bclng
attecbcd to tbe nalo feed lloe through a 3-pole, tvtst-Lock coaneotor. Tb€
braoch f,eeder lervlclng the coaveolence outlet ls supported by netel cltps aa
lllustreted 1n tbe eolargod dotatl.

Ftg. 24
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the har.ness ln ttre oreetions at -20oF, -40oF, and -55of'

after the, interior of the hut vas heated above OoF. The

conplete lnstallatlon yequlred approxlmately 30 mlrnrtes .

cattllcln&.

Caulklng the hut, except at -6fop, ws,s }lmlted to packlng

the roof -.:anel jolnts at the eave Ilne as shown ln Flg 25.

Cotton lamp-r,rlcklng was used and tamped. ln pLace with a caulk-

1ng liron as deplcted ln Flg. 26, Thls proved satlsfactory as

tnspectlOns at Lgtr te:n-ireratu3es falled to reveal lclng at any

jolnt on the exterior. of thc hut due to leakage of heat. Two

men cauLked al.l the roof -panel joints in 4O mlnutes, and. at tbe

lover temperatures this jolr was deLayed until after the hut uas

heated above OoF.

At an amblent temperature of *65op a rrrrurber of exterlor

nsof and sld,e-wall panel jolnts were easlly caulked wlth Mln-

nesota Mlning EC 800 Seal-er. applied wlth a hand-operated' saullc-

lng gun. In addltlon, thls materta]. was also used. lnside the

hut to reduce alr Leakago between the floor: jolnts down the

center of the llvlng quarter:s. The smal-l frost areas obeerved

at each four'-panel floon Jolnt, &t an outsld'e temperature of

-55oF soon dlsappeared after caulklng. One drawback to ustng

thls sealer was found durlng the -55of'dlsassembly' The seaLer

adhered tfghtly to the fiberglass panel ed.ges and pul'}ed Llke

taffy as the panels trere removed.. Cleaning the sep}er from the

edges pr.Lor tO re-erectlon psoved alnost lmpossible whlle uear-

lng Arotic mlttens.

'34



,t''

Ftg. 25

Flg. 26

Plate 7. The roof-panel and vall-panel
fin", shoto tn Flg.25r.rere caulked to
Cott6n lamptllcklng uas tanped lntc these
;;;ir.id-tbcr a" hlustrated tn Fls. 26'

jotnts at the e&ve
prevent loss of heat
Jolnts vlth an lron
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MalnlenqFce.

The hut vag ln contlnual use fon two*reek per.lods be-

tween erectLon and d.lssssembiy tests. Durlng these period.s

othen pr-ojects be1ng tested ln the hangar created wlnds up

to 1'0 mph and pres$ure waves of sufflclent magnltude to cause

consldenable vl-bratlon of the hut. After each blast of waves,

lt r'ras nocessary to conduct a general lnspectlon and repS-ace

4 to 5 wed,ges and I to 2 foundatlon beam clamps.

Fllral Inspectlo_n.

Upon eonpl.etlon of aL1 hangar. tests the hrrt parts were

moved dlr"ectly from 20oF hangar aln to B0oF outslde atr' An

lnopeotlon and. trial fltting of var.ious parts 24 hours later

lndleated all parts to be 1n good conditlon and easy to aseemble.

By then the hut had been assembled 12 tlnaes and the palnted

plec.es were badly sguffed. Consequently, after return to Por"t

Hueneme and prtor to shlpment to Point Bapow" Alaska, fot' Ln-

gervlce and utlIlty tests, the entl:re hut vas palnted. The-

lnslde was agaj.n palnted f{ght green, and the outsid.e' except

.fon 
seleeted panels rnhlch were waxed, was painted, alumlnum.

Sqlnmary

A l?-man tean, trained tn the ereotlon and dlsassembly pr,o-

sodune per"feoted at Port Hueneme, can erect or dlsassemble the

hut' as easl.ly at -55of' as at 70oF, but belng encumbered wlth

heavy ctothtng and worklng at reduced ef,fl,clency the tlme ne-

qulred wlll be nearly twlce as long. Even so, er"ectlon can be

completed fn less then J hours, and disaseembly ln less than 2

houng.



The S.ayorrt of the hut pants around the erectlon slte,
developed. whlle perfectlng the enectLon procedur.e, vas used

&s a basls for gronplng ln makl-ng up the alrborne paelcages.

Pl.'vood r.ras selected as the packe,ging medium for the p11-ot

nodel, but other materlals vill be selec.ted for quantity

packaglng,

The hut parts wore well and, except for scuffing of the

painted pleces, looked almost the same after" 12 erectlons ae

vlren nev. All the pants stll1 fitted snuggly at ttre end of

the tests, the molded. panel edges vere squs,re and stralghtr,

and the felt seals Tlere j-ntact, so."'t and pltable. No fallures

of the baslc parts of the hut occurued, but a tougher panel

skin not easlly ;:unctuned or torn vould. be d.esirable, Redeslgn

of, the door-lock strlker plate to protect the laminated flber-
glass jamo- fnou the str":ker ls necessary.

The plastic assenbly connectors are easy to handle with

mlttens and strong enough to secure the hut parts, but brealt*

age durlng assembly and dlsassembly of the hut ls h18h- Both

the wedged and netal-tlpped plns need to be improved befor"e

they ar"e entirely satlsfactor.y, As the wedged pln spllts be-

tween the vedge hoLe and polnt, a metal band or cap on the end

of the pln w111 glve the addltlonal strength requlred. llhe

uretal-*tipped pln br"eaks in the rlveted jolnt between the nretaL

.tlp and the plastie sha.nk. The area of the plastlc shank ls

very srnall at thls jolnt, and a redeslgn of thls pin l-ncre&s-

lng the slze of the plestlc secti-on flttlng lrito the metal tlp
ls neeessary.
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In a redeslgn of tlre metal-tipped pln bhe length should

be l,ncneased and. the added length tapered and threaded. Thls

extra tapered, threaded length should. be add.ed also to the

alL-alumtnum thresded plns whlCh are used to $ecure ttre floor

and wa}l,s respectJ.vely to the foundation beams. 0rlglnally

the most d.lfftcult pant of the erectlon vas centerlng the

assenobly hoLes f,or startlng the plns. The trouble was flnaLly

overcome by developruent and. use of a tapered, th:readed drlft

p1u wtrlCh would be urrneeessary lf the assenbly plns were

tapered. and threaded.

Caulklng of the hut to prevent heat loss ls necessary 9n1y

at the roof-panel jolnts at the eave llne and the four corner

floor-panel jotnts do1rn the senter of the hut. $atlsfactory

results can be obtained by tamping cotton la,npwlci<lng.lnto the

Jolnts wlth a cauLklng iron. [he Minrresota Mtnlng EC 800

$ealen reconmended by the manufacturer for weatherpt.ooflng the

Jolnts ls easlly applied even at -65oF wlth a hand-operatgd

cauLlclng BIlIt, but |t ls not necessary unf,ess the hut ls sub-

Jected to precipltation.
:

The heaters and ventllators can be installed whlle the hut

ls belng e::ected with no sacrlflce of ttrue and the flre llt as

the last tranel ls pLaced. No speciaL tools are reQulred as

alL plpe connections are fittod wltlr yokes for tlglrtentng the

jolnts, g,nd. the heater stacks and. ventllators are attached to

the hut wlth plastlc wedged connectors.

The design of the wlrlng harness ls satJ.sfactory. llhe

Rsmex oable and the twist-lock connectors used' ln the temporary
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o har"ness assembLy should be substltuted vith wlr'lng and con-

nectors sultable for lov*tempesature usage. The substltu-

tlons shonld. include cable similar to that l<rlolm as senvlce

dnop cable (Harbtrshaw $BUN) lnsulated for low temperaturee,

and connectors slnllar to E, B. Wlggins 011 Tool Companyts

1$-396 (female) and M-399 (male).
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HE&$NG Al{p \rBIgIl4rlre
Adequacy of the Navy Ar.ctlc Hut as a, suitable shelter fon

human irrtrabitance und.er. cold conditlons ls covered ln thls
part of the r.eport.

The maln objecttve was to ascentaln the urlnlmuu heat 1n-

put requlr.ed, at a *65on outsld.e temperaturo to malntaj-n an ln-
std.e temperature of 70oF wlth one alr change per hour". Other

objectives lncluded a d,eter"mlne,tlon of heat transmisston coef-

flclents for the fLoor, wa1l and, roof panels, and the hut as a

whoJ-e; the effectiveness of a gravlty-type heatlng plant ln

nalntalnlng comfontable tempenatures; the ald rendered by elec-

tnlcally-dr:lven fans ln dlssipatlng vertlcal temperature dlff-
erences; the effecttveness of the ventlLated. foundatlon ln com-

batting entnapment of heat; and., ascontainlng the uaxinrum eom-

for.t cond,itlons obtalnable for human occupancy"

To obtain the data necessary to evaluate the hut ln ful-.

filLment of these objectLves, heat testg were conduoted at

each of the hangar temperatures.made available. DetalLed heat':

test d,ata ls contalned ln Append.ix C.

Hqg,tin-F-e$g,W
The hUt was dellvered to the Provlng Ground wlthout pno-

vlsion forn heatl.ng and ventila.ttng. The Proving Ground Order

sttpulated that a heatlng pLant using two 50,000-Btu, oil--

flr,ed, sp&ce heatens be installeC; that e Sravlty system of

ventllation, capable of effecting one al"r change per hour
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under the nost extreme

maxlmum of floor space

fnstalLatlon,

, condltlons, bo devlsed; and, that a

be made avallable for' I1v1ng quanters.

llhe partltlon wal"] vas pl-aced 4 feet from one end to fonm

the entnance vestlbuLe, allowlng an &rea of 20 feet by 44 feet

for llvlng quarterns.

In order: to preheat the lncomtng ventilatlon alr and

attempt maxlmr.m clrculatlon, the heatlng and ventllatlng system :

dlagrammed. ln F1g. 2? r;as lnstal.J.ed. Adoptlng thlS s3'stem ne-

quJ-ned. the deslgn and constrrr-ctlon of new Jackets and bases for:

thestoves.Topreventdamagefromrad1antheat,1nsu1ated

spacer rlngs were attashed to that portlon of the heaten stacks

passlng through the roof.

Strlvlng for maxlnum clrculatlon of the heated. air resuLted

ln the adoptlon of tvo exhaust ventllators, One was plaCed ln

the roof of the vestlbule forclng the heated. alr thnough thls

sectlon. The other, loeated 1n the 3oof near the outsl-de end

wal.l of the llvlng quarters, 1I8,s dropped by duetlng to vlthln

12 lnches of the fLoon.

$upply tanks vere lnstalled fon both lnslde and. outsld'e fuel

stor.age. The suppLy 1lnes from the outslde tanks entered' the

hut thr:ough the aln lntake ventllators and were conneeted' to the

stoves along wlth the lnslde tanks through a rrTrr Wlth thls

anrangement the source of sulnly was convenlently eontroLled by

valves r

DetalLs of the exact locations, slzes, and method of seal-

lng the holes cut through the panels to accomtnodate thls heating
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and ventllatlng systen, and d"etalls of the stove raodlficatlons,

d.uctlng, fueL suppl,y L1nes, and roof Jacks are shown ln Appen-

dlx B

R.gt+o_v,"p] o4.I"lug GasS:_ fgg_.Eeneq.f .

Removal of ttre straee-heater fLue Sases f3om the Cllnatlc'

Hangar was accompJ.lshed by placlng open hood.s over each heat-

er roof Jaek and Jotnlng these thnough 5-lnch-dlameten ductlng

to the floon dralnage system of the hangar. Through exhaust

fans J.ocated. at the outlet of thls dnalnage system, the gases

$ere d:ravn lnto the hood.s and. expelled, The d,uctlng was sus-

pendod. to mLnlmlze tnterference wlth the erectlon and dlgas-

senbly tests.

tgst 3qpl.pm.pp.t

To pr.ocrrre d.ata for eval-uatlng both the hut and the heat-

lng and venttlatlng system, use of va::lous J.nstru$ents and test

equlpment was necesss,tly.

Heat transrnisslon coefflclents fon floor', va1l and roof

panels were measured. by fastenlng a heat meter of the Nlchols

type to seLected.]:anel-s as shown ln Flg. 28. A heat transmls-

slon coeffLclent for the hut es a whole vas found. by tnlal

heat balances and conflnmed wtth electnlc heaten tests. These

coefftclents are expressed. ln Btu/hr/,"5.z7op d.lfference 1n temp-

erature.

Heat balances and al-r changes were comnuted from fuel con-

srrmptlon measurements, end. quantlty and temperature measurements
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Plate 8. Test lnstrumeots encl equlpruenl. used lnslde tbre hut. Ftg.28 abors
the Ntcbols heat oeter mouoted oo e ra.l.l. psnel. Io Flg. 29 the veloctty qf the
vcottlatlog a1r ls belng !0easured rtth {,o An€motbern a1r meter. F1g. 3O chorg
tbe tocltoed draft gage coonected tc thc ptict tube tn the he&ter stack, and an
olcctrlc fao cen be seen lo the beckgrcr,nci. Bcrtb the hygrotheruograph eod the
atr tborogEgtor located 30 lnches ebove the flccr ln the ceoter of the ltvlog
quartcr! &rc shorn 1n F1g. JI. The forced-alr electrlc hcaten ls sboro 10
FLs. 32,

I
,
{
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of the gases passlng through the heater. stacks and' ventll'a-

tors. $torage of the fueL supply at arnblent hangan tempera-

tureS and. Volumetlllo meagUrement.s of the amounts burned. neces-

sltated estabLlshlng a fuel denslty curve ln the range from

68of to -65op for deternlnlng the Btuts of heAt 1nput. Veloo

clty measurements 1n the heater stacks were made by Pltot

tubes and. an lncltned dr"aft gage (f'fg. 3O), whereas'an Anemo-

thern hot-vlre type alr meter T^7as used to obtaln flow rates

through the outi.et ventJ"J,ator.s (ffg . 2g). The3mocouples lrere

used. to d.eter.mlne th.e temperature of the escaplng alr and

gases,

Thernocouples suspend.eC from the celllng were uged' to

neasure alr tenperatures Ln the hut. Flve strlngs of therno-

'oouples were hrrng ln the ltvlng quartens, one at the centen

and one about three-fourths out fron the center towards each

aorner of the room. Each stnlng conslsted of 5 thernocouples

loeated. at potnts 2, 30, 6O and 84 lnches above the floor and

:2 
ins.hes, .belov the ce13.1ng.. AddLtlonal thermocouples 'fere

used. to d.etermlne surface temperatures of the lns:.de s.nd o'ut-

uia. f,loor, walJ. and r.oof paneJ.s, the alr temperature at the

60'-lnch level ln the vestlbule, the alr temperature 1 foot
'r.tnder the hut, and the surfaee tenperature of the bottom of

the foundatlon beams. A 48-poLnt, pneotslon-lndlcatlng po-

tentlometer was used" to obse::ve aL1 afu temperatures.

A hygrothel?n1ograph was used to malntaln a contlnuous

record. of the tenperature and. per cent of nelatlve htrtnldlty
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at the centen of the llvtng quanters 30 tnchee above the

filoor (r'rg. 31)

An or.d.Lnar"y alr the::nometer vss attached to the thenuo-

couple stnlng ln the center of the r:oom 30 lnches aboue the

fLoor and used. as the control. polnt for manual. adJustnent of

the heaters (plg. 31).

The tenper.ature and ba::onetrle pressure wlthln the hangar

appllcable to these tests vere attalned from the recornded data

of the hangar lnstrr.rments. No accurate metbod of seoo?dlng

the roLatlve hr:nrldlty of the hangar alr was avall.abLe at the

t1me, however, lt 1s a,cce'pted that the aln vas saturated. In
generail, stlLl-afi. condltlons prevaLled but alr movement up to

10 mph was observed at tlmes wtth a thr"ee-cup sneaometer hav-

Lng an lntegnatlng dlal for^ lndlcating the wlnd vdloclty.
Four electrlcaLly-drlven, l0-lnch dlameter, osclllatlng-

j

type, por"table fans were mounted. on the walls of the llvlng
quarters fon determlning the effect of ctr.culatlon ln the dlssl-
patlon of tempenatune d.lffer.ences (f'fg, 30).

An Electronod.e 15-kv, pontable aft. heaten contalnlng 12

elements of 1333 vatts, each on a sepanate swltch, was used'

for the eLectrlc heat tests (f'fg. 32) .

Test Pr.ocedur.e

At each selecte.d. lrangan tesperature, the tenperature 30

lnohes absve the fLoor ln the center of the 11vlng qua,rters

wae r"alEed to 70or' ln the shortest posslbLe tlne by burnlng
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hlgh flnes ln the heaters and regulatlng the exhaust ventl-

lators for nLntmtun alr fLow, Flg. 33 companes the tfune re-

qulned. to heat the hut wlth naturaL cLrcul"atlon of warm aln

wlth the tlme nequfu.ed. uslng eJ.ectnlc fans to ald clrcu1a-

tLon. Upon reachlng 70oF and. aften a perlod of stablllzatlon,

thnee tests, each 6 to 8 hours 1n !.ength, were conducted.

Durtng the first test, the exhaust ventlLators 'blere d.arapered'

to aLlow an s,vexaage aLr flow of 75 furn; d"urlng the second' test

thls fLow was trncreased. to 200 fpm; and 1n the Last test the

d.ampers rere opened to a11ow a maxlnum passage of afu'.

Upon completlon of the maxlmun alr'-change test, the heater

flnes were extlngulshed and the tnterlor temperature of the hut

was reduced to the hangar temperature. The heaters t?ren wene

relLt and the above descr'lbed tests nepeated uslng electrlc

fans to ald clrcuJ.ation of the warm alr.
In addltlon to the reggLan sChed"uled teots, heat tests

uslng the el.ectrlc heater were conducted at hangar temperatures

of -4OoF an6 -65oF. .*t -65of, the oll--burnlng heaters were un-

able to support a comfor:table livlng temperature wlth more than

a mlnlmun alr chango, In oyder to determlne the heat lnput

necessarly to sUpport a maxlmum alr change, the electrlc heater

was used as an auxlIlany.

Temperatures at all thermocoupLe statlons 'hrere reoorded at

3o-mlnute lntenvaLs d.urlng each test. Fuel measurements were

taken at approxlmate Z-hour lnte3vals and" at the end of each

test. Alr-fJow measurementg 1n both the outLet ventllators
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aoA heater: stacks lrere necorded each hourn. Ileat transmls-

slon coefflclents rrere recor.ded d.unlng the mlnlmtm al:r-change

test wlthout fans at each hangar temperature, and also d.ur-

lng the electrlc heat tests at -4@F and -55oF.

Ileat Transmlsslon Coefflclents

Heat tr.ansmtsslon coefflclents lrere establ-lshed for. the

floor., valL and. roof panels, and. the wlnd.ows of tbe hut. The

heat tnansmlsslon eoefflclent for. the hut as a whole was

estabLlshed. through the nlnetoen heat balance tests. Coeffl-

clents wene not estabJ.lshed for the heat J.osses through the

floor, vall and. roof pane). 3.ap and. butt Jotnts, the wlndow

fnames, the plastlc ptn connectors, the fuel o11 and electnlc

supply L1nes, and the areas around the ventlLator and stack

openlngs.

Floor, Wall and Roof Panels, and lnllnd.ows.

i{eat flow observatlons were made on seLeeted floor, wal.l.

and roof panel,s, and. wlnd.ovs 1n the nld-eectlon of the l1vtng

quanters. The collected d.ata vas comblned and an average

coefflclent d.eterolned for each type of panel and the wlndows.

The Douglas Alncraft Company establlshed theorettcal coeffl-

clents for. each t5t:pe of panel 1n theln orlglnal Arctlc hut

stud.y (e, pp 53 to 651 , and these resuLts vere used fot com-

parlslon.

Floor PaneLs: Heat transmlsslon coefflclents were estab-

Llshed for two fJ.oor condltl-ons--one,

panel was used. as a vearlng surfaco,

where the skln of a

and., ttre other, r.rhere a
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paneL vas cov€red. wlth the 3/8-lnch ply,wood coverlng. A

mean heat transmlsslon coefflclent of 0.094 vas establ"lshed

for the covered. panel-, and 0.LL8 for. the bare panel. lltre

theoretlcal eoefflclent establl.shed by Douglas was 0.133.

Based. on these studles, the curves tn Flg. 34 vere d'e-

veloped ln such a manner that for a glven lnslde-to-outslde

temperatu:re dlfferenee the heat transfer ln Btulhr/*z of

floor panel surface &rea can be :read, dlnect.

W-al.L Pg.ri.gls: A heat transmtsslon coefflclent of 0'164

was establlshed fon the waLL paneLs. Dougl.as establ"lshed

0.147 as the theoretlcal. coefflclent. Flg. 35 presents the

nesults of these studles.

Eoof Panels: A mean heet transmlsslon coefflclent of

0.097 vas estabLlshed for the roof panels. Douglas establlshed

0.1.33 as the theor"etlcaL coefflclent. Flg. J6 pr:esents the re-

zuJ,ts of these studles.

Wlndowsi A me€,n heat transmlsslon coefflclent of 0.332

was establlshed. for the vlndows.

Mean Heat Transmlsslon Coefflclent fon Total
ow Area.

A mean heat transmlsslon coefflclent of 0.L21 was computed'

for the total exposed. panel and. wlndow area based on the coef-

flclents establlshed. above and the total exposed sunface ares'

for each.

MeaL Heat Transmlsst-on Coefflclent lfoq .Hu! ats- a .WlU4er

A heat transml-sslon coefflclent of 0'L29 for the hut as a

vhoLe was estabLlshed as d.escrlbed 1n Appendlx C fron the
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nineteen heat bal.ance tests, Flg, 37 presents the nesults

of thls study.

Heat Balance Com'outat{-ons

Ileat balances vere computed. for seventeen of the heat

tests cond.uctod wlth the spa.ce heaiers and. for the two eLec*

tric heat tests. A detalled. account of the method. of compu-

tatlon employed. vj-th selected examples appeals ln Appendlx C'

Froru these computatlons the total heat lnput, l-osses through

the heater stacks, outlet ventllator.s and structure, the nrrn-

ber of air changes per hour, and the heat tr.ansmj-sslon coef-

flcient for the totaL hut vas established'for each test, A

tabulatlon of these flndlngs ls glven ln Table L.

Fug.l Se qri}-f e.p,gntgr.

Fuel storage ln tempenatur.es dovn to -65op (ffg. 38)

neeessltated the selectlon of AN-F-3Za Speclflcatlon, Grade

JP-l fuel for use 1n the space heaters. A catrorimeter test

showed thts,fuel to contain a net value of 18,150 Bturs per

pound at 20oC; a1so, the quantity of fuel bu:rned was measured

volumetnlcally, tests lrere made to establish the pounds of

fuel pen gallon fon each selected. test temperature. The re-
sults of these tests are shorn belov,

Temperature
00F

6. B3o
7.066
7,r.11
7 ,L7T
7 "255
7 ,285

AA
16

\J

-20
-40
-0)

Fuel

-53
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Wlth thls lnfornatlon the fleld data collected' was con-

verted to the actuaL pounds of fuel requlred per hour and the

resultant Btuts of heat lnput.

Oontnol of a speclfled quantlty of J-ncoming ventllatlng

aln was dlfflcult slnce accurate mee,sur-ement at the polnt of

entry vas not posslble wtth the avallable instrument. Con-

ve::sl-on of the colleoted fuel-consumptl-on d"ata, as shown 1n

TabLe 1, to the quantlttes required. foir designated a1r changes

unden speclflc lnside and outslde oondltlons 1s descrlbed ln

Appendlx C. From these converslons fuel requl.r'ements were

computed for malntal"nlng 1, I-I/2 and 3 air changes per hour,

wlth natural clreulatlon of warm alr and aslng fans to ald
:clrcuLatlon, The resuLts of these compubatlons &re shoffn 1n

Fig. 39.

Operatlng efflclency of the space heaters determlned by

Orsat Apparatus tests showed. that one heater was 53fi ettl.clent

and the other 6T/,, vlth an averp.ge efflclency of 6o/,, Slnce,

under normal cond.ltlons, these heaters ane desl.gned to operate

at a rolnimun of 7Ay', efflciency (3, pp. 4) the fuel regulnements

'werae hlgher than normaL.

Heat Logses.

The heat baLance equatlons were wrtrtten to compute the

heat losses through the heater Etacks and outLet ventLlators,

assumlng that the baLance of the heat passed. thnough the fIoor,

roof, Joints, etc. Slnce the a1r' ehanges coul"d not be rulnutely

ControLLed fon ltke teets at dlfferent outside temperatures,

- 54"*
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proJeotlon of the r.ecorded data to deslgnated alr changes

lras necessary. Uslng the pnoJected fi-gunes as a basls of

comparlson, the three naJor sources of heat loss--thnough

the structure, the heater stacks and the ventlLators--

could be aecumul,atlveLy compared. The equati.ons used ln

these conrputatlons are gl-ven ln Appendlx C, and I'1g. 4O

presents the nesults of thls work fo:: 1 and 2 aIt changes

per hour., $lnce the tests proved the heaters were per-

for:nlng at only 60/o ettlcleney an addltlonal. curve shows

the red.uctton ln Btu losses thnough the fLue gases for
performance at TA% effLclency.

T epns r*!*rp- .n#jt l}gt] oe

, The average temperature obtalned. at the flve 1eve1s ln

the Llvl"ng quarters alre presented. 1n tabuLar fo:rm 1n TabLe

2 and as lsotf:erms ln Flg. 41 .

The terrpe::aturespresented. a:re those obtatned ln the

Lests rnrith a mlnlmum alr. change l-n each selected hangar

tenperature, Inslde floon, waLl and roof, temperatunes,

the alr tempenature under the hut and. the surface temper'-

atr$e of, the bottom of the foundation beam" have been 1n-

cluded, Temperatures recorded. undep other condltlons are

Fnesented. ln Appendlx C,

Vertical Temperatures,

The average vertlca]. d.lfference ln temperature betveen

the 2-1nch Level and the 60-1neh level above the fLoon,

and the 2-1nch I'evel and' the 98-lnctr 1eveL, are tabuLated

-57
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fon each end. and. the center of the Llvlng quarters. In

each case the 98-lnqh Level was 2 lnehes belov the petltng

at the polnt of olrgervation.

Each tabLe and flgure has been so oonstructed that a
dlrect comperison can be made between the temperatu:re

LoveLs obtalned with natural clrculatlon of verm alr and

those achleved uslng fans. For exampLe, ln Tabl.e 2 at

an outgide temperature of 15oF the average temperature

differenoe between the 2-lnch to 60-lnch level ls lLo

wlth natrral ctrculatlon, whereas, the fans :reduced thls

dlffenence to 50. At tho se,me outslde temperature a dif-

ference of 23o between tho 2*lnch to 98.lnch level wlth

natural. clrculatlon was :red.uoed. to a dlfference of 60.

A slmlLar colrps.xrlson at an outslde temperatune of -55of

shovs the average tempenature difference betweefi the 2-

Lnch to 60.rlnch Level to be 37o with natusaL clrculation

of al:r, vhereas, the fans reduced, thls d,tfference to 33o;

however, between the ? to 98-lnch 1eveL, bY uslng the fans

a dlfference of 53o was reduced, to 360. A slmlLar conparlson

of the effect of the fani at the other outslde tenporatures

ind.lsates that betveen the ? to 60-1nch level, the fans re-

duced the average dlfference about 4o, whereas, for the ?

to 98-lneh level thls reductlon averaged about L?o.

Frora the standpo|nt of corafo:'t, the temperatures fnom

the fLoor to the 60-1nch level are the-most slgnlflcant.

fn the tests vlth natural. clr.cuJ"atlon of the varm alr the

observed teupenatune of 63oF, 2 lnches above the fLoon at a

-60
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-ĉ)t
H'
t<oJ*
dbcto.4ot
{d<A.E6a) .cF()
'a'{yl
F<
HF3.

Fl!l-
E
i<

EI
o.
E
F

H

5
EAoaI

&
3

or

Iq
FIo
h

ln

\ON Ora\{ | | | | |
AAAA'II'I NR

h,
oil:
koq.

oo
Uc
2(,
L

?.|

o
a
a
€
t
o
E,
Ao

F4

-
H
ts<.q

C)^ta'{r{too
;q

lf
'{ tr<o

o.
(J*E
Y'U7c<ar. -co
9uF{ra
v){

\o3i
F-
g
iT
F

a
id
da
Ctt

f
L{)
A
E
tIcI(t
t<

(}
d

C\r^r\06- i i i i i l.o
0I
P
tI
H
F
a:5
il
ra

ho
x
Ea
ilp',

t,,
ato
I
t<
o
<t
a
at
6

Hh
fo

5$dBE5s8Ss f- fr e 3BF Rsns$S q\o

FOtt'o
hS$389$8i99

All
\O (.\
Gl -t

(F@n(\t\r\rnC)G-ri
-t\O F.-t- Fnnt- -t-it.ta l-:

FRT
I

\O G N\O CF N Ots\at q) tO
ra\\O @ ( 6 \O \O qt F{ r-,1

tl
\D rtot \t

sCt\nnnnnritU'On\Oa.-t-Fn.OC-dFl

L=*

FF
<)

6lcro.o(\orf I F\o,a\oc- a.-- G' o\{, F- | r'O C O -9-tnol. l'. a \r-l
.D t'- t'- a-. a\ 6\0 I

i {'r'

I

FrnO nO'{(n\O6\tlq)C'{)\o r*oo to \o }. 1 d Fa ?-{ N
66C'Or<Fl@ le.O
.O .O t'-- l.- 1..\O .O a d Fl

I

I

I n.o
i

In
ot
{
E

E
a,

+)k
a2

o O.lr!t: Fl.r'lt

\tom-t-a | | | | |
A F{Fa ! I I | |

ll
ta Pf\Fo.:iiiii 1,,

I t.

I
3.ooh> blo<-

5$d3g\889S l. (?\ ssSFRSnSS$' , r\.o

L"OaEelr. r.l O
38dJ9 ! ! !$'!

3
JS \O @ t\ Fi .l | | | (r I

6\Oa'-mm I t a\O I {{
oiol

I
I
{
I

jl t -tFl\OOq | | | | I6D'0OOClatll
AA

0
€
t
&

t<

NO\ frR8SE!!iii
oi

Li
ol
C.i

cO -t

li+tE t
,5'5"

O.tO\tOn a | | q\ |
\t\O@d\(^ I I a\O I

I

o
ak

(\ \O
dr -.1 gspps!i!s!

;lclii c-{)al (v c.'
ariql

)) I
+'OL
O.{ OatJ>,

I aF- tq/ | | | I I
llnlfrlllll

el
5l
t<lol
9,J

il
altl

I lO\ ICO | | a I t
I t(1, t.v a I I a I

at IA: Ioi IoJ l rlHr | | |ol
Ill

,
3I

t)
i
I
{I
DI
D)

3to
ftt
a
E
cttra{

r CLta

TEI 8
oo..t(n\to a I a a IHGI a I a | |

rlrl o(\r^rt\^!iiii
t_:rl

Itoai.> uo HS s3 88$ S 99At!
E9 $s pF F nnR T?

I .ot^rl

I ":l
'.rot6 B RSs89:r!3r N(\l g$pPF!iili nl
irs(J +t

nr( 6(\lFt | | | | a

\O\OOOOallal
AA

F\O nPFssiiii! I -,-l
I 
-:l

5o -!l,l o il3$S8r I i?r O) \O(t .1
6tOr^(\ra\ | | a (\. I+\Oc-c-a\ | | .'\t a

.o9

I
+tOl
aF{Ost

a lF lI\ a I a | |ll-tlra\llall
ttal

I a @ l.O | | | | |
I ln a-ll | | , a

ll
It

t
ata()
s

t &|-L& A88t88n 8
ddcddgEE D

oooo"td€rE>>>>>Ahhtrr888E8'33'-.
a a a a a L 3.<l

OF{3{ aCl
rrlat OFIO,Et5*RSSBdrStS

F{ r{oo
b3
r{ F{
3a83
33
!l
olN

Lkkt f. Igggg8s" I
o,rro"t{.1r8!iii Ea?r,er.|'..t d " b_* bE

! r r I r OF{ OrJ t*R3d8Cs35€

r< r{
|1rO
o3

tt
83
33
t3
ot(\.

o



t5or ouislde temperature, vas ::edueed to 47of'at a -65oF

outsl-de temper.ature, vhlle * ?4oF temperature at the 60-

lnch leveL was lncreased to 84o,F . l,fith the fans assistl-ng

1n clnculatl-on an obsenved. temperature at 65op, e lnches

above the floor at a L5op ouislde tenrper.attlre, was reduced.
nto 43"F at a -65op outsld.e tenperature, whlle a 60-tnch

LeveL temper.ature of 7603" lncreased. to onLy ?5of . Thls Ls

shown graphlcally in Flg. 4a.

DlLl and Aehenbach, 1n thelr study of temperature dlstrl-
butlon with various heatlng d.evloes ln a frame bungalow, un-

lnsulated. except fo:r the cetllng (4, pp 4), obtalned the

followlng average roour tempenature at an outside temperature

ranglng fr.om L2oF to 14oF usl-ng an electnlc wanm atr heater

vith the alr dlstrlbuted by natural cincul"atlon through a

plenuu chamber:

Iielght Above
Floon
Ing.

Average
Temperature

oF

Ly
Itry

?58
30 66
6o 777B 9094 105

T e gregl_a.! uq e_ P 1,{ f 
.e I g ne e

a" to 5or' Ievel
2" to 94" 1evel

Uslng th.e ss,me heater but lntermittently dtstrlbutlng
alr wlth a 78o-cfm fan at an outside tempenature ranglng
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fronc BoF. to 10oF., these

I{elght Above
Floor
Ins.

temperatul"es became r

Average
Tenperature

oF

55
7o
8r
88
94

rqqrlel a tqr,e,, Dlfiglgrtgg

26
39

These temperatures when compared vlth those obsenved

1n the hut at an outslde tempenature of OoF (raue e) show

that vlth natural clrculatLon of varm alr a more even dlstrl-
butlon of vertlcal tenrperatllre was orotalned ln the hut. !,or
exampLe, the hut temperature z l-nches above the fJ.oor was To

war&er even though the bungalow had. a basement with a temper.-

ature of 35otr'. The temperature under the celLlng of the hut
/"\

was 2'less, and the ? to 98-hch level temperature difference
tras 90 less.

HorlzontaL Temperatures .

fhe maxlmum horlzontaL lsmperature dlfferenoes vlthln the
llvlng quartens at each of the flve leveLs a,?e shown ln Tabl.e

2.

A study of thls data nevealed no dtr:est relattonshlp be:
tween the ve?tlcaL and horlzontaL tempenature dlfferences, The

stud.y dld sholr the entrance end of the ltvlng quanter.s to be

souewhat colde:r, lhls uas ascred.ited to the Low efflcLency of
the heater at thls end, j3% as compared to an efflcLency of

c.

30
5o
tQiunlr
>irt

2t' to 50t' leveL
2rr to 914tt level

.55



67% tor the other heater, and the entry of outsLd.e aln when

openlng the entranoe d,oor. Openlng thls doon at outslde

temperatures below -a0oF would cause a 10 drop ln temper-

ature 30 lnehes above the f,loor at the centen of the Llvlng
quarters.

The data show that the average of the horlzontaL temper-

ature dlfferences at the ?-lnch Level at a 15oF. outslde

temperatuns 'w&s the sane fon naturaL cl.reur.atlon as rhen

ustng fans. 0n reaehlng an outslde tempe:rature of -40otr'

thls dtfference was 4o Less vith the fans, but when an out-
slde tenperature of -656F w"s reached, the dlff,erence lras

20 l"ess rrJ.thout the fans. At both the 3O-inch and 60-1nch

level, there was never more than 10 dtfference untlI an

outslde bempenatwo of -650r was reaohed, vhereupon the

dlfference became 50 greater at the 6o-ineh level. uslng the

fans. uslng the fans at the B4-rnch J.eveL, the dtffei:ence
ranged fron 26 to 90 less for. all outside temperatures; where-

&sr at an outslde temperatur.e of -4ooFr 2 tnches berov the

roof the dlffenence neached 1!o less and at -65or there was

no dlfference. In genenal", doVn to an outsld"e teurperature of

-4ooF, the fans asslsted. ln bal.anclng the teuperatune dlf-
ferences hortzontally at the floon and noa:: the celLlng but,
at -55oF, the ef,fect of the fans was negatlve.

T.u.pppgj w p-g- gn*p r.-_tFs, lt*.! .

The average tempenature 1 foot rrnd.en the hut and ln the

bottom of the fqundatlon beans ts glven ln Table z, Down to
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an outstde temperature of -AOoF both the alr ternperature and

the bottom of the beams averaged 20. to 40. warmer than the

amblent hangar alr. Iloweven, at both -4Oof' and -65oF'thetre

vas $o dlfferenee. The use of fans wtthtn the hut had llttle
effect on these temper.atures. In Flg" 43 the antlclpated aln

tempe:rature fon a glven eir,blent temper^ature can be read.

PlysJ-g]-ogljc pI $ tqEe.s

0bsenvatlons on faetors go,rernlng allowabLe somiort wJ-th-

ln the hut vene nade dur.lng the hangar" tests. These lncluded

a recordl.ng of, the lnslde floon, walL anQ roof "surface tempen-

atures and the humldlty ln the 70oF. temperature, 30 lnches

above the fLoor" fon eaeh test condltlon. Baeed on these

observatlons a study of occulgancy versus allowable comfort

has been made.

IF s I de,,. p qn f.?c ?_gg$!9lgl\geg,
Ave:rage floor, wal] s.nd roof surface temperatures are

gtven 1n Flgs. 44 and. 45, $1nce the rate of aJ-r ctrange and'

the nethod. of warm alr. clrculatlon affect these teroperatures'

curves coverlng both Condltlons are shoqn. In outsld'e temper-

atriree down to -55of', use of the fans lowered the floor
tempenatures 50 to 70 beLow those obialned wlth natural cl:tcu-

latlon wlth 1.5 alr changes. per hour. At '65oF, a floor
'tenperatu:ne of 4BoF. uslng the fans lras one d"egree hLgher than

the temper"atune obtalned wtth natur-aL clrcuLatl-on of alr ' The

waLL tenper.ature averaged. 50 J.ess for aL1 outslde tenperatures

$hen the fans ltere used., and the roof temperatures averaged
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LOo Less. A notlceabl,e drop of several degrees ln both the

fLoor and walL tenpe:ratu:les wlth and wlthout fans oceurned

between a -2ooF and -40oF outstd.e temperature,

Temperatures of the lnslde wlndow surfaces were not re-

corded and. thet'e 'was no eondensatlon on the lnstde surface.

All wlndows rrere double glazed. and 1clng between the tuo panes

of plexlglass appeared at outslde tempenatuxies of -20oF. &Dd'

below. Complete Loss of, vlslblllty thnough any wlndow 'was not

expeflenced as never more than 2O% of the area frosted. A

typlcal fr.ost pattern Ls shown ln Flg . t+6.

F,.eJqj_*vp, ,ggp$ltq.
The maxlmum reLatlve hunldltles observed are glven in

[ab].e 3. These were taken ln the center of the llvlng quanters

30-,.lnqheg above the floorwhere the a1r temperrature ranged

between 68oF. and. 72oF. No.attenrpt other than occupansy and

maklng coffee, was made to humidlfy the hut lnterlor dunlng

thes,e tests. Wlth the humld.ltles obtai-ned condensation ln the

form of vater on fr:ost vas not observed elther ln the vestlbuLe

on Llvtng quanters untiL the outsid.e temperatune reached -65of.

Air leakage thnough floor" paneL Joints down the centen of the

1lving quarter.s at thls tempe:rature resulted ln fonmatlon of

smal.L frost &nea,s, hotrever, by cauJ-klng they $rere soon e11m1-

nated.

In addttl-on to t'he observed. relatlve hunldltles glven ln

Table 3 the avenage fl.oon tempenatures near the center of the

llvlng quarter,rs and the adJacent alr tenperature two lnches a.-
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bove the floor ln the coldest part of the 1Lvtng quartors 1s

also included...

0ccupancq.

To evaluate the hut for. human j.nhabltance at J.ow temper-

atures both a nornaL and, maximun btlLetlng wag assumed. A 16-

man occupancy uslng double bunks as shown ln Flg. 47 alLotted

each nan 55 square feet of fLoor spece and 448 cubl-c feet of

alr spa,ee vhtch meets the BuDocks Deslgn Crlterla (f), and

based on L5 cfm of fresh alir per tnan, 2 aln changes per. hour

a,rerequ1red.Hovever,tonemoveobjectionab1ebodyodors

only I cfm of fresh air (6, pp. 2L5) are needed, and thls
quantlty can be furnlshed vlth L atr. change per hour. $atls-
factory lnterlor errs,ngement for seml-permanent condltLons can

be obtatned by usl.ng par^tltlons to fora 8 cublcles for. sleeplng,

thus allottlng a nraxlmum of space f,or recreatlon, vashlng, and

toll.et facllltles.
A maxlmrrm b11Let1ng of 28 men ves achleved us-lng doubLe

bunks as shoun ln Flg. 48 vlth space allotted foi: wash baslns

and tollets. Thls arrangement a1lowed only 30 squs.x',e feet of

fl"oo:. space and 256 cublc feet of alr space per man, vhlch

means that 231000 cublc feet of ventllatlng alr per houn ls
requlr"ed based on 15 cfm per m&n. To provj-de thls quanttty of

atr 3.2 al:r changes per hour are needed.

AllowabLe Comf,ort,

Based. on the oceupancy requlrements and the recorded. test
d,ata, the charts presented ln Flgs. 49, J0 and 51 have been
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deveLoped fo:r 1 and 1.-1/2 alr changes per hour wlth i6-nan

occupancy and 3 alr changes pef holrr vlth 28-rnan occupancy.

The baelc data used. tn the deve-r.opment of these cqrves appes,rF

ln Appendlx C. For example, ln Flg . l*9, based on a 16-uran

occupsncy wlth L alt- change pern hor.r and natural cl:rculatlon

of varm alr, one eurve glves the naxlmun aLLowable relatlve
huroldlty ln the ?Oof' a1r 30 inches above the floor to e.vold.

condensatlon from the coldest antlclpated aLr 2'lnohes above

the fIoon. Another curve, based on saturated outslde alr and

16-nan oscups,ncy, glves the roaxlmr:m obtalaable reLatlve hunldlty

vlthln the hut ln alr vtth a temperature of 70oF.

A companlson of these curves shows that for a 15oF out-

sld.e temperature, an 83 .8fr relatlve hunldlty 1s aL1owab1e,

qhereas, onLy a 36,!fr re],etlve humldlty 1s obtalnabLe. For a

-6501' outslde tempenatune, the aLLowabLe relatlve humLdlty 1s

redueed. to 3t.7% and. t|ne obtalnabLe tro 25.1%. An effectlve
tenperature lndex of 660r necessary to create a comfort zono

for the maxtmum nrrmber. of occupants nequlres a 5@ husldlty 1n

the 70oF al:r (5, pp. 228). Thls condltlon couLd. be ashleved by

tntroduclng addltlonal" moLsture, but as shown by tlre maxlnum

alLowable rel-atlve hrrmld,lty curve thls would cause cond.ensatlon

at an'outsldo tempenature of -40otr', .a 4ofi reLatlve hunrldlty

whtch can be abhleved by the lntroductl-on of 3.85 gallone of

water per day to the ventllatlng aln w1L1 not oause condensatlon

untlL the outsld,e temperature roeacires -55oF. Thls percent of
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relatLve hrrmldlty would. glve an effectlve temperature lndex

of 65,5oF thus satlsfying approxlnately 9A% of the oecupants.

At an outsLd.e temperatu*e of J.OoF, thts quantlty of extra
molsture wlth satunated. outslde ain and, a 16-man occupancy

vouLd cneate a 5M relatlve hunldlty. At an outslde temper-

atune of -65of' cond"ensatlon can be avolded lrlth as much as

3O% reJ:atlve hr:midlty. This percentage of hruntdlty ean be

achl.eved. thnough the lntroductlon of 1.38 gallons of vater per

day to the ventllattng a1r ereattng an effectlve temperature

tnd"ex of 55oF, thus sattsfylng approxlmately \aS of tlne ocoupants.

A eurve ls lnslud.ed glvlng the allowable relatlve l1unldlty
ln the TObr'. alr befo:re cond,ensatlon occurs on the waLls 30

lneiies above the fLoor.. ' , . l

' A'comparatj-ve study also ls shown based on clrcuLatlon of

varm aln alded by fans, These eurves show that & 30% nelatlve
hunldity ls permlsslbLe d.ovn to an outslde temperature of -65or

wlthout.causlng oondensatlon, but wtth 4A% ttmtdlty condensatlon

wlLl occis at -40oF.

Sr.unnarJr

At an outslde temperature of -65oV and operatlng at e,

riormal efflclency of 7O%, ttre tvo space heaters used as the ,

heattng plant ln these tests can uaintaln a temperaturp of 7OoF,

3O lnches above the f,loor, wtth a heat lnput of 9TrOO0 Bturs.
per hor:r vlth one alr change per hour. Uslng fourwal.l-mounted

electr.lc fans to ald. clncuJ.atLon of the warm aln, the heat ln-
p$t requi"reuent v11,1 r'educe to 84,000 Btuts per trour. In elther
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ease only 571000 Btuts of thls heat v1l-l be lost through the

structure and the baLance w111 escape thnough the ventilatlng

alr and combustLon products, The vertloal temper.atures of 47of

on the fLoor: and 2 lnches above, 84oF at the breathlng l"evel,

and 100oF under the noof wlth natur.al clrculatlon of warm alr
v111 become 48or on the floo:r, 43oF a lnches above, 76oF at

the breathlng l.evel, and. Tgof und.er. the roof r,ihen the fans a'Te

used.

The heat transmlsslon coefflclents estabLished durlng these

tests fo:r the f3.oon, waLl-s and. roof of the hut wer"e 0.094' 0.L64

and. 0 .OgT ntu/tt?/oV, respectively, and a computed coefflclent

fon the botal. exposed. panel area was 0.121. From the heat

baLance tests a coefflclent of 0.129 was establlshed for the

hut as a whoLe, lnd.lcatlng that only about T% of the heat Losses

through the structure pass through the panel Jolnts, pJ.astlo

assenrb3.y connectons, etc.

Based on the :reaettons of the personneL used. dunlng these

tests, the hut temper'.atures both vertl-caLly and hsnlzontaLly

wene conafortable but dry ln outslde temperatures down to -4ool'

vlth natural. clraul.atlon of the warm al-r, but the confort con-

dltlons lmproved. when uslag the fans to al-d. thls clr.culatlon.

At the -65of' hangar tempernature, the floor. surface and a1r

teroperatures below the JO-lnch level retre consldered, too coLd.

for comfort and the 60-1nch J.evel too hot unless the fans $ere

used.. In all outslde temperatunes the waLl surfaces lrere corr-

sld.ered eomfontable to the touch.
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Accordlng to recent tests by the Bupeau of Stenda:rds (7,

pp, 3f) tfre d.istance between the combustLon drr.rnr and Jacket of

the heaters can be :reduced ffom the p:resent 9-lnsh cLearanee to

3 lnches wlthout materlaLly effectlng the tempenature d1str1-

butlon. Thte reductton ln Jacket slze would' eonslderably reduce

the fLoot4 space now occupied by these heatet''s. Also, ln a re-

deslgn, conslderatlon should be glven to equtpplng the heaters

with eLectrie fans ln a manner gJ:nllar to the US$l' type F-3

heater to never.se the alr fLow thnough the Jacket and to force

the wanm atr out near the floorr. In the event Of a power fall-

Y", however, no:rnal clrculatlon through the Jackets couLd be

reguroed.

The vented f,oundatlon and the excel].ent lnsulatlon of the

fLoor prevented, entnapment of heat unden the hut. At an amblent

tenrperatune of 15oF, the temperature I foot under the fl'oor of

the hut ln stlil a1n averaged. only L$oF, and ln the bottom of

the for:ndatlon beam, l.7oF , &t an ;amblent tenperatUre of -4OoF

the alr under the hut was aJ.so -40ol'.

Based on a 16-man occupaney, saturated outslde &11?, and 1-1/

alr changes per hour, a reLatlve humtdlty of 4A% can be achleved

by addlng 8.3? gal}ons of molsture per day to the ventlLatlng

alr. Thls pe:rcentage of nelatlve hurnrdlty l'touLd create a com-

fortable condltion satlsfactory to 90% of the occupants, and'

would not cause condensatton on the waLls untlL an outsJ-de

temperature of -40oF was reached. Thls amount of extra molsture

can be Lntroduced th:rough evaporatlon by attachlng water rlngs

to the Jackets of the heat€lsr
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srFuqf u_nAr. ppp_apAc Y

Determlnattr.oa o,f the struc,tural adequacy of the Navy

Arc.tlc IIut (Mari< I) at, low teurpor"atu::es ls covered ln
thls part of the r.eport.

Ehe prlne objectlve was to Lnsure the abllity of the

hut to support the d,esigned floor end roof loads at an

outsLd.e temperature . 65of'. wlth the inelde of the hut

heated. to 70oF. The load.s were stlpulated. as 75 pounds

per squs,ne foot fon the floor and 50 pounds per square foot
for the roof . A seconda].y objectlve was to detenmlne the

effect of repeated loadlngs on the heated. hut as the out-

sld.e touperature vas reduced.

To obtaln the d.ata nesessary to evaluate the hut ,

statlc load.s ln lncrements up to the deslgn Llmits were

placed nanually on selected groups of floor and roof paneLs

at outglde' temperatures of f0oF, 15oF, OoF, -2o.oF, and -4OoF

wlth the 'lnslde tenper.atur.e of the hut ?OoF. At -55of the

entlre unoccupled floor anea and the middle bwo-thlrds of

the roof aree were Loaded. 0n1y 83.33 percent of the de-

81grr load was applied to the roof because of the physlcal

lnablllty of the loadlng cr.ew to place the full load 1n

the tlme availabLe.

Equlpment was not avall"able to determloe the ablllty of

the hut to withstand the epeclfLed wlnd load of 135 miles

pbr hour at low temperaturesr. however, lrrBact loads ln the

fonm of pressuro waves wene pnesent at each test temperatune

thnough ZO-um cannon flre 1n the hangar. The effect of these
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waves on the hut are lncluded. as a rue,tter of general ln-
terest.

T.-esF Eqlrlp$ent

$tailc loads vere applled uslng 10, ZO, J0 and 35-

pound. sand bags and l0 and 25-pound l"ead shot bags for
l-oad materl,al. Var"ious gages and lnetruments were used,

to roecord the defLectlons and. stratns created. by these

load.s.

Dlrect r.eadlngs of all defLeotions were made with a
surveyLng 1evel. Thls necessltated the location of all
defleatlon gages lnsld.e the hut "wfrere the level could be

operated in a ?OoF tenperature. The gages, made up of
scales graduated 1n loOths of an 1nch, were located ln the

mtd-sectlon of the llving quanters (f'fg, 52.), and the BU13-

'veylng leveL was set up on the floor. near the'door of .ttre
vestlbule (Ffg. 53). To account for movement of the ln-
strument helght thnough deflectlon of the floor, tvo,refer-
ence gages ryere located ln the opposLte end of the hut; one

v&s suspend,ed. fron the r,afters of the hangan arid entered the

.hut through the roof oxhaust ventllaton (f'fg, 54), and the

othen was located on the hangar deck near the outslde d.oor

of the hut adjacent bo the ventllator. fhls arara,ngement

.p,Laaed all the deflectlon ga.ges betreen the lnstrument and

reference polnts. To obsenve movenent ln the floon panels,

gages were nounted. on stands d.lrectly oven the polnts under

observatlon, whereas, for the noof supportlng beams and roof
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panels the gs.ges nere suspend.,ed.. Flgs. 55 and 56 show the

loeatlon and ldentlfylng numbers of the floor and roof
gages.

Stralns ln the su::faee of selected. panels and. beams

both withln and under the hut r,rere observed. vith SR-4 strain
gages. $1ngLe-dlrectlon gages were used on the beanns and

threo,-d.irectlon Eages (rosettes) on the panels, Temperature

oorupensation gages were nounted. adjacent to each strain gage,

and" obsenvations wet-e made wlth an SR-4 straln g*gu tnd.lc-

ator. Flg. 57 shows the locatlon and identifylng numbers of

the strain gages.

Ihe lntenslty of the p::essure vaves sreated. by the 2A-

rm cannon flne w1thin the hangar was recorded by a sound.

level meter.

{ps_t , Prqggdufg

At ambient hangar terperatures of ?0oF, 15oF, OoF,

-zOoF and -4OoF the speclfied deslgn loads were applled to

one-fourth, or 240 square feet, of the roof and. floor sur-

face areas (f'fg. 58). These areas comprlsed. the slx floor
and slx roof panels loeated betveen the second. and thlrd.

tnansverge ::oof suppont beams from the entrance end, Thts

l-ocatlon minlrnj-zed the influence of support to the roof

from etther tho end walls or the partitton walL, and placed

ful1 load.s on the nriddle roof and floor panels of each area

and on the suppontlng ridge bean.
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A pre-test load'equallng the ftrst load incr.ement was

applled to the r.oof and. floor area and removed. before the

zero-gage nead.lngs vere obsei.ved. for the tests. Next, the

roof load. was ap-:lled in lncrements, and readlngs of aLl
gages lncludlng the refer.ence potnts were taken betveen each

lnsrement' Ttren, leavlng the noof l-oad. ln place, the floor
load was apprled ln lncrements. ' The noof Load was removed

flrst foLlowed by r.emovaL of the floor load..

Fon the test at -65of' the areas of J-oadlng for both

the floor an0 roof were incneased" and the schedule of loadtng

$as revlsed. llhe floor vas l-oaded flrst then the roof . lflhe

roof load vas removed. before the floor load.. fhe areas and

lncr.emonts of loadjng are delineated ln Flg, 59.
In a,11 of the load tests, care was exercised. to insure

that the load. matenJal was gently pl-aced. A mobile scaffold
whlch cantllevered out over the roo.i was used. vhen loadlng
and unloadlng the roof to avoid superlmposing lmpact load.s

by men walklng over the loaded areas (Ffes , 6a and 5l); and,

vhon Loadlng the floor, a me.n was placed. ln the area bej-ng

load.ed and the natenial passed to hlm (f'fgs. 62 and 6_?).

Obsenvatlons on the intenslty of the pressurb waves

created. by cannon flre were linl,ted to the I5oF, s;nd OoF.

tempenatures due to sensltlvlty to cold of the mlcrophone

uged. for plck-up of t'he sound vaves. At each tempenature,

the lntenslty of the vaves was neasured I feet out frpn the

corner and 5 feet up the slde of the hut neanest the point

l
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SECTIONAL LOADING TLAN - FLOOR AND R,OOF

LOAD gCHEDULE

TEgT gCHEDULE

lncrsment bage Locaf ion Weight

% No. wt.
(LbrJ CAll lode eyenlu

digtribufed)
lncrerncnt(lbc.) Tola I(lba)

Roo F (oo tbg.. / tt ? deaien load )
54.t7
Et.25

loo.oo

3l?
t56
270

?5
25
lo

52 Fr panel
26rn
4brr

TAOO
aaoo
27cc

78,op-

n7oo^
tffi

F LOOR - Qg tOe./ ft,t &ctqn load )
43.33
8G.G7

too.oo

3t2
3t2
?Q

2g
?5
to

52
52
40

Pe? panel
I

I

I

I

7W
7Ecp.
24cp

7W
tw
t6000

Tegt Numben I 2 I 4 .5

l-l a nga n Tern pcnatu re 70'F 15'F o'F -@of -rc'7

fig.ffi. 9ecrloNAL LoADt NG
AND 7E9T ECHEOULE
AREA6.

G;
eJ \-"

PLANr LOAD gCHEDULE
FOR FLOOR AND ROOF
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of flre and. out from the corn€r farthest from the polnt of

flre, The polnt of flre was 125 feet fron the nearest sor-

ner of the hut and 200 feet fnom the nearest hangar vall,
whlch r,las only 1l feet fr"om the conner of the hut farthest

fr.om the polnt of flre.
g@Hs"-keelns

Statl"c loads were appLled to secttons of the fLoor and

roof at each hangar temperature, and deflectlons and strains

were observed. The deflectlon data colLected vas grouped

lnto fIoor. and roof stUdles, since the floO:: and roof are

lndependently supported by the foundatlon beams. Appendlx D

contai.ns the baslq data used. to develop the Sraphs appeanlng

in thls pant of the report,

fhe stnaln gage dats, hag been omltted because of the

erratlcresultsobtained.Thesgreeultswereduetothelack
of a d.evlce for callbratlng the z17:o drift of the lndlcator,

the length of ttre elroults, and the temperature fl-uctuatlons

around tbe oheult wlres.

Flgor'.

the floon panels are 4 feet vlde and L0 feet long and

&re suppOrted. at each end by the foundatlon beams. They ane

eecrrned dlnect3.y to these beams and lnteroonnected to each

other. through lap jolnts. Therefore, three adJacent panels

were loaded and the deflectlons of the center panels used ln

these stud.les.
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As ttie outslde temperature uas red.uced, the avenage

total defrection a).ong the longltudlnaL center line of the

panel was oonslstent, and the deflectlon at polnts one foot
from each end. of the panel was .about one-half as much as

the oentor (ffg. 54). Except for a sud.den lnc::ease in tho

total deflectlon ln the center of the panel to 0.f8 lnches,

and subsoquent set of 0.12 lnches on removal of the load at
an outsld,e teruperaturo of 4OoF, the total" average deflectlon
was 0,62 lnches and the avera,ge set 0.0! lnches,

[he deflectlon at the center of the paneL was dlrectly
propo:rtlonal to the lncrement of load d.or,m to an outstde

temperature or 15oF (f'rg, 65) i whereaE, for lowen outslde

temporatunes the flnst 50 per cent of the load caused an

J.ncreaslngly greaten per"centage of the total deflectlon untll
at -65of a deflectton of 0,4! inches was aJ.most three-fourths

of the defl"ection of 0.53 inches obtalned under fulL Load.

An exceptlon to thls trend occurued at *40otr' when the'ne-

Latlonshlp of deflectlon to lncrement of load vas aLmost a

dlnect proportlon.

Wlth the floor 1:anels ln place ln the heated hut, there

w&8 Llttle change ln the totaL deflectlon CIr subsequent set

of the panels as the outslde temperatures vere reduced; how-

ever, belov a 15oF outsld.e tempera.ture the lnltial deflectlon

unden the flrst f0 per" cent of the total Load became an ln-
creaslngly larger percentage of the total, deflectJ.on. An ex-

ceptlon occurned at -llOoF when the total deflectlon and sub-
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sequent get both lncreased conslderably and the int"Llal
defLectlon was only one-half of the total deflectlon.

BeP{-,.

The roof panels a.re supported along the sid,es of the

bullding by the rralls and at the center by framlng, The

fr.antng conslstg of 2o-foot tr"ansverse beams at the quanter

polnts and center of the bulld,tng, eupponted by stanchlona

pkured to the sj-d.e valls and I?-foot rldge beams plnned to

the centen of the transveree beaurs and the end ualls, Ag

both types of beams are built-up alurnlnum sectlons they are

subJect to rathen large deflections unden load. Conse-

quently, ln the study of the effect of statlc loadtngs on

the noof lt was necessary to oonsl.der the effect of these

Loads, flrst on the transverse beams, then on the nldge

beams, and flnally on the r.oof panels .

I$..nSygJEg-begr-ns: The average total d.eflection of

two transverse beams under" a panilal roof Load d.own to 
"an

outslde temperaiure of -40oF and. under a full roof load

at -55oF ar.e shown ln Flg . 66, and the relation of the mean

defl"eetlon to the increment of load,lng at the cenier of

these beams 1s shown ln Flgs. 67 and. 68.

The avel'age total deflection along the longltudlnal

exls of the beam under. partlal- load.'was 0.90 lnches and, the

set on nemovaL of the 1oad.0.05 inches down to -20oF. At

-4Ool' thls d,eflectlon lncreased to 1.04 lnches and the get

to 0.22 Xnches. Und.er a full load at -65of' the projected
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totaL deflectlon reached tr.65 lnohes and the set 0.0!
lnches, The defLectlon at the eenten of the bean vas al-
most dlrectly pr.oportlonal tq tlre tncreuent of loadlng ln
each test.

Wlth these beame plrured ln pLace, repeated loadlng
of the r.oof appeared to have Llttle effect on the totaL

defLectlon or ln var.ylng the percentage of the deflection
of the lnltta.I 1oad. lncnerneni as comr-ared. to the total
load. deflectlon.

B{Qre. j.gsggi The rldge beams are supported by the

tnsnsverse bes,ms; therefore, ln deterunJ.nlng the net tota.l

deflectl.ons shown ln Ftg . 69 deductlon of the deflectlons
of the trqnsvense beams was necestsary. The r:elatlon of
the net deflection at the center of the r.ldge beam to the

lncrement of load,ing ls shown ln Fig . TA.

The average total net defLection at the center of the

beam decreaeed. from 0.6B inches at an outsl-de temperature

of 7OoF. to 0.48 J.nohes at -65of', vher"eas, the d.eflection

at polnts one foot from eaqh end of the beam conslstently
averaged about one-founth of the total center d.eflectlon.

Except for an lnltlal set of 0.13 lnqhes at ?OoF, oo nenroval

pf the load the average set was 0,03 inches.

At the center of the panel the lnltial d.efLectlon wlth

a !0 per cent load, equal.lng tr^ro-thh"d.s of the total de-

flectlon at ?OoF, continually reduced. untll at -65of lt
was less than one*half of the total d.eflectlon. The ln-
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G1reassd. area of :roof Loadlng at -6569 plaaed a second

r:Idge beau under J.oad. flonpartson of ttre net deflestlon

by lnc:rement Loadlng of thls beaa to the one srrbJected to

repeated loads showed that the proportJ'on of deflectlon

to lncnement of load to be alnost the s&me and the total'

deflec tton lderr*tlca]. .

' wlth these beams ptruned !n place, repeated loadlng of

the roof neduced ttre total net d.efLectl.on by one-thlrdr and

the percentage of def,lectlon beca&e almost dLrectly pro-

portlonal to the Xncrement of loadlng.

gggg-ggg91g.: The roof panels Llke the floon panels

a,re 4 feet wlde and i.0 feet long and lnterconnected through

Iap Jolnts, makLng tt necessany to load three adJacent panels

and observe the defleCtlon of the cente:l panels. Also, slnc-e

one end of these pa,nelE ls suppopted. by the rldge beamsn, ln

deter.mlnlng the net totaL defLectlons shown 1n Flg . 7I, lt
was nesessary to d.educt movement of thls bea,m.. The relation

of the net defleetlon at the center of the panel to trr'e 1n-

crement of Loadlng ls shown ln Flg. 72.

Theraverage total net defl,ectLon at the center of the

paneL was 0.49 lnches r.ega:rd.less.of the outslde tempenatwe

or. the number of loadlngs;:vhereas, the set on ::emoval of

Load varled from'O.O4 inches above to 0,06 lnches belov the

onlglnal positlon. rn the test at 70ol' the deflectlon was

al"nost dlrectly propor.tlonal to the lncrement of load, but

ln eash succeesLve test d.ovn to the one at -65of', the ft:rst
- 104
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dl::ect,

With these panels

appear.ed to have 1lttLe
but they d.ld appear. to

the lnltlal" deflectlon

50 per eent of the load caueed three-flfths of the total
deflectlon, At' -65qF the pr.opontlon agaln became almost

plnned in pJ.ace repeated loadlngs

effect on the total deflectlon

sllghtly lncrease the percentage of

unden the flrst l.oad. lncrement.

n$X+nle, ,Lp,a*$,llg

Dynanlc loadlng to glmulate vLnd.s up to the 1-35-mph

d.eslgn load was not appl"led; hor,reven, me&surement was made

of the level lntenslty of eound. waves caused by cannon

flre .

Flrlng took plaee twloe at each test temperature wlth

the longest bursts lastlng about 20 second.s. From measure-

ments taken at 15otr' and OoF, the 1eve1 lntenslty of the

waves dlreetLy hittlng the hut was estabJ.lshed at 135 declbel.s

and thoee belng returned fnom the hangar wall as 131 deelbels.

Conventlng the declbels to a pressure ratlo and computing

the pounds per square foot, found that the corner of the

hut nea:rest the point of flre r,,ras being subJected to a

level pl.essure w&ve of 2.36 tAs/tf?, and that the corner

fanthest from the polnt of flre was belng subjected to a

pl:essure of 1.48 tus/rt2. No determination of the peak

pressures, whlch ocou:rned. up to 40 tlmes a second, was madei

however, fnom data prevlously obtatned by the Aln PnovJ"ng

Ground., the peak pres,sures were estlmated to be 16 to 20

* L07



tlnes gr.eater than the 1evel pressures measured, or equal

to rraxlurun pressnres of 47,a tns/ttz and 29.6 tas/ttz
respec tlve1y,

Conventlng these pe.sk pressures to approxlmate vlnd

veloclttes based on Marvlnts for.urula means that the cornen

of the hut nearest to the polnt of flre vas belng bonbarded

by pressules equlvalent to L0B*mFh tlnd. gusts and. the d'1-

agonalJ.y opposlte coi4ner by pressures equlvalent to wlnd

gusts of 85 Fph. ThLs d.lfference ln pressure eaused con-

slderable vlbratlon of the hut, but other than shaklng

loose a fev vedges and. foundatlon beam clamps, vtrlch had not

been secure}y tlghtened, thene was no damago.

sgpsp,r.q

In the stati.c load test at -65o' , three-founths of the

floo:' area was Loaded to 75 fbs/rtz and two-thlrds of the

roof area to 50 lts/m?. With the lnslde tempenature of the

hut at TOof these loads remalned ln place for 4o hourg.

When the loads vere nemoved, the paneLs and beams returned.

to wlthln a fev hundredths of an lnch of their orlglnal.
posltlons., There were no fallures and no points of stress

eoncent:latlon observed, and a subsequent dlsassenbLy and

er.ectLon of the hut vas accompl.lshed vlth ease

Repeated statlc loadJ.ng of sel.ected eneas of the floor
and roof at var.lous hangan temperatures fnom 70oF to -4Oof'

caused. no d.amage or exeesslve permanent set on the hut parts.

Except at -40oF whetre the fLoor panels and transverse beans

l
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showed. 0.20 lnches of set, on::emoval of the Load the

e,verage set fon aLl parts was less than 0.05 lnches.

Accurate straln observation usj-ng str"aln gages 1n

tests of thls type regulr.es a devJ.ce to account f,ot' the

nonmal zero drlft of the str.aln gage tndlcator durlng the

perlods between observatlons. Fur.then, the lnstrument

should be Located as cLose to the gages s.s posslbLe, Pre-

ferably vlthln the hut, and. durnmy clr'cults should Qe used

to compensate fon var.J.able tenperature effects on the

straln-gage clrcults.
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PANT III - APPEIIDDMS

*****,r**

A?PEiVDIX A

$nep1{i,gqtJ-.gns, 
. 
gutbo**jy 9ry1 Ptpq.. o,l_reS.u"

Speclflcatlons for. Developnent of a Pl1ot ModeL Arctlc
llut lssued. by the Bureau of Yards and Dooks, Navy
Departmento dated 21 Apr"1L 1947,

Provlng Ground Ord.er No. I1A1-000 01A lssued by the
Bur6au of Yards and Docks, dated. 16 August-1948,
authorl.zlng tests on the Douglas Arctlc Hut.

Menorandun of Procedur.e lssued by the Advanced Base
Provlng Ground d,ated^ t6 necenber L948, coverlng
the pLan of the tests to be conducted ln the
Cltmabi-e Hangar, EgLtn Atr Force Base, Flonlda,
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NAVY DEPARTMENT
BTAEAU OF YARDS A}ID DOCKS

1^IA$$INGToN, D, C.

21 Apr1l 1947.

SPECIFIC.qTTONS FOR DE'VIILOPMENT OF*-"TTIAF- 
IIO'DIfi,*A He'r re-ffi m*-

A. GENERAL INFORMATION:

The Arctlc Hut wll1 be used. to house personneL and
supplles ia frlgid zones such as exj-st in northern Alaska,
Greenland, and AntarctLca. Due to the remoteness of re-
glons tn whLch the huts are llkely to be erected, and the
land. of over.land transportatlon fir,cllltles ln such neglons,
the huts must be of a prefabnlcatod. knockdown type suLtable
for ak tr.anspo:.t. They w111 be er.ected. on various types
of ternaln 1nclud1ng soll subject to natural thaw, perlma-
nently frozen soll, sr?ow, lce, and rock. Ihe deslgn must take
Lnto consld,enatlon the fact that transmisslon of heat from
the hut to the fr.ozen ground. or cover supportlng the hut
may ad.versely affect the stablllty of lts found.atlon.
Erectlon personnel nay be heavlly clothed. and thelr ef-flclency lmpaired as much as 6O/". Thelr abillty to wonk ln
close quar"ters, handle sna1l ltems such as screws, nalJ.o,ete., and make compllcated. flts and connections undor. ex-
posed condltlons will be mater.J.ally reduced. (These re-
str'lcttons vould not apply to lnter.lor connectlons and
lnstallatlons vhlch nlght be conpletod after lnstallatlon
of heatens vithln the hut).

Therefone, the hut should be as ll.ght as posslbl"e ln
weight, bo capable of belng compactly crated for shlpment,
and be easlly and qutckly assemblod. and. erected ln the
fleld vlth the nlnimum number of ilersonnel wlthln the
mlnl-mum of tlue,
B. GEI\ERAI, REQUIREMENT$ :

R-'l TYPE-The hut may be of any type, shape, or deslgn
conslstent vlth accepted engJ.neerlng practlce
and. the Detall Requirements ln paragraph C
below.

MATERfAL-The materlals may be of any type or. klnd.
provlded (1) they are structunally sound,
t2) they ane non-lnflanmable or flre re-
slstant. (3) tfrey meet the generally ac-
cepted speciflcatlons establlshed by the

B-2
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C.

representatlve lndustiy, and. (4) they are
generatrly avallable ln sufflclent quantlttes
to support lar.ge.scale quantlty prod.uctlon
of the huts.

DEIAIL NEQUIREUENTS:

c-1 SCOPE 0F W0RK - Und.er these specificatlons the' maaufacturen shal1 provld.e al1,materlals,
engineenlng, d,eve3-opnent, and fabrlcatlon
neeessary to the furnishing and dellvery
to the governnent of a hut, ae heneln d.e-
scrlbed, courplete and read.y for fleld as-
senbly.

SIZE 0F HUT - The floor areas, lncludtng a storm
en'i;rance, shalJ. be approxlmately 1000 sq. ft.
(plus or mlnus lqi. The ratio of usable
vohune to total welght shall be as large as
posslble consl-etent wtth the type of d.eslgnuged. The clear dlstance betveen top of
flnished. f loor and. celllng ( or und.er"s:"ae of
lovest roof uember) shall be I ft., although
deslgns vhlch attaln thls helght wJ.thtn ap-
proximately 4 ft. frou edge of floor wlll be
acceptable. The ulnlmr.rm floor dimenslons shall
be not less than 20 ft. The deslgn shall be
such that the hut may read.lly be enlarged by
the addltlon of standar,d.lzed. sectlons plus a
mlnluum of additlonaL construction materlals.

F0UNDAIION - Sultable tlnber ca,ps 01 s111s, and the
nequlned. sub-support for" loeal condi.tlons w111
be. fur.nlshed. by the Goverrrment to fit the r,e-
qulrements of the hut d,esJ.gn. Tho manufac-
tur.er shalL provlde the necessary floor jolstsr:
str,lngens and. anchonlng d.evlees fon connecttngto foundatLon fur.nisheA Uy the Government andj-nd"lcate on the d.rawings tfre plan of the foun-
dations requlred.. Any speclal. anchoning d.e-vlces or tle-d.owns provldod. to take the-wind
Load and vhlch ,&16 bnchored. outside the foun-
d.ation for the hut propen shaLl be furnlshed.by the manufacturer ln their, entlrety..

INSULATION - The fIoor, roof, and all exterlorwalls shall, be insulated, based. on a,n asswled
uaxlmrrn 100,000 BfU losg per hour vhJ"Ie

c-2

c*3

c-4
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naintalnlng an insld.e tenperatune of plus
?0?F vtth an outside temperatune of mtnus
60oF, with an afu change pen hour. at max-
luun temperature d.lfference. (fnltlal
proposals are to assuue a total wlndolf
area of 6O sq. ft. )

A-5 WINDOW$ AND VENTILATION OPENINGS - Wlndows and,
ventllatlon opentngs v111 d.epend. upon type
and shape of hut accopted and v111 be spec-
If ted. tn detalL ln any f lnal negotlatJ.ons.
fnltlal d.eslgns should. take thls final re-
qulnement lnto consid.eratlon and lnclude
the manufacturens suggestloh.$.

c-6 D00Rs AND sT0RM ENTRANOE - A storm entrance of
appr.oxinatel.y 80 sq. ft. floor. area ghall
be provlded entlrely vlthln the hutproper.
An emer"gency extt door. shalL be provXded
at the opposlte end of bulldlng, The doors
shel1 be approxlmately Jr o" x 7t o".

C-7 DESIGN AND FABRICATION - The deslgn and" fabnleatlon
shall conforn to speclficatlons promulgated.
by the appllcable lnd.ustny fon the nater.J.als
used.. The members shall be fabrlcated.topernlt nestlng and. bundllng ln the moet com-pact uanner posslble to consenve shlpplng
space. Wtthln thl.e ll"nitatLon the menrbersshall be shop assembled.. The largest member
shalL not exceed. a velght or slze whlch can
be easlly handled and placed. Xn the structure
!V_1 &en. The hut siralt be d.eslgned for thefollovlng loadlngs: -

lfIIvD*L35 mltes per hour (tncludlng
gusts) StrtoW-60 Ib. per sq. ft. on the

t:*':tl.*, 1["i3:3';3. o" 
({3ff;,:il:

r"ately ) .

FLOOR LIlm LOAD * T5 t_bs. per sq. ft.
DEAD LOAD*Actual welght of struCture,.

c-8 FA$TENERS 4I{D OTHER ACCE$SORIES - At1 fastenlng,
cohnectLng,, and anchoi:lng devlces and. a]I
other ao0essories necessany for ereetj.on ofthe hut 1n the fleld. shall-be furnlshed bythe manufacturer. (See General Infornatl6ni:elatlve to types d,eslr.ed ) .
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C-9 ELECTRtrCAI, HEATING, ETC. - AlI lJ-ghttng, heatlng,
and plunblng facllltles and. all lnterj-or"
fur"nlshings w111 be funnlshed" by the Govern-
nent. Pnovlslons fon thelr future lnstalla'
tlons should. be consld.ered 1n deslgnlng the
hut.

D. MISCALLANEOUS RE-Q,UIRHIIIENT$:

D-l Palntlng, shop and flnlshed.
D-2 Bepnod.ucible Drawlngs .

(a) Three sets of shop d.etails pr"lor to cou-
mencement of work.

(b) Ten sets of fLnal approved. dravlngs

D-3 Enectlon drawlngs and. lnstructlons - fen compJ.ete
sets for flle and one complete set to accompany
shi.pment of each hut,

D-4 Er.ectlon Tools - One complete set of all hand. tooLs
nequlred for the erectlon of the hut to accompany
each hut shJ-pped..

D-5 Packlng and Marklng - Hut to be packaged for export
shlpment in boxes or bund.les wlth no box or bundle
exceedlng approxlnately 1000 Ibs. ln vetght.
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BUREAU OF YARDS AND DOCK$
Provlng O:roqnd Ord.er No. HA1-000 01A

Authortzed.: 16 August 1948

IE
TITIJE':. Douglas Aretlc I1

Ref : (*) Spectftrcatlon for Developnent of pllot Mod.e1
Anctlc Hut dtd 21 Apr1l 1947.(n) ltl Hdqirs. U. s. Air forbe to 'BuDocks, dtd.
18 Jun 48"

1. The object of thls orden ls to test and. evaluate the
sultabllity of subject hut for Advanced Base use ln the
Arctlc. Thls bulld.ing was deslgned. and f abr,lcated by the
Douglas Alreraft Company, Inc., of Long Beach, Callfornla,
under Contract N0y-14943, ln compllance vith Reference (a).

2, The followlng sei.leg of tests fon subject hut ls to be
ac,conrpltehed under, thlB orden:

(a) Sertes I - Frovlng Ground., Hueneme

Erestlon Study
Instrumentatlon $tudy
Alrborne Packaglng $tudy

(b) Sertes 2 - C}lunatlc Hangan, Eglln Fle1dr Flor'ld.a

IgEITg
ut 20t x 4Bt

I
- Tests of.

(1)

t3]

Lov Temperatui.e.Erectlon Test (at 40 to 65of )
Heat Loss Test (Ay tenperatureo fuel conswnptlon
and humJ-dlty observatlons ) .
Snornr Load. and Floor. Load Test (Deflectlon and
st::Oln measutaenents). '

(c) Ferfe,s.J'- Provlng Ground., Hueneme

(1) slnulated. Wlnd Load Test,(Feaslbltlty to be
Lnvestlgated.'by the, provliig Gnouad aira tne
Buneau 'and,, tesl ,unddrtaken-Lf sultable. method.
cao be devlsed).

(a) $erl-es 4 - potnb Baruolr

tl]
(3)

(1) Fleld $onvlce and,Utitrlty Tests

L
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3. In prepanatlon for the test serles outllned. above, the
Proving Ground Offlcer 1s ::equested. to pnovlde the followlng:

(a) Egaltne lyglem - Two 50,000 BTU $pace lleatens,
m[FflBEsE-stock No.-4Q11-9 are to be lnstalled
1n the hut locatecl approxlurately 12 feet from eithen
end., flues, exhaust ventllator, etc., are to be de-
signed. and fabricated.. These should be so d.eslgned.
that they can be qulckly lnstalled or removed..
Openlngs are to be cut 1n the roof panels for the
requlred flues, etc. Suitable insulatlon ls to be
provld.ed foi" chlmney flues to prevent d.arnage to roof
paneLs fnom rad.lant heat. Glevlty a1r lntalce ducts
are to be provlded at each heater and an alr ex-
haust ventllator ls to be provlded at the center
of the hut. The alr lntake and exhaust are to be
provld.ed vith sultable d.ampers. The chimney flues
are to be provided vlth extenslons whleh w1]1 per-
nlt eorutectlon to the flues gas exhaust system ln
the floor of the Eglln Fleld cJ-iuatlc hangar.

(U) found.atlon - ft ls consldered that two found.atlon
d6iid:Tffig will be ensounteredr

Case-L w111 be 1n areas of unlform bearing ln wtrleh
a-FlE can be leveled and. the found.atlon 6eams of
the hut vill be placed d.l:'ectly on the g:round..

Case 2 w111 be 1n ar.eas vhero plIlng of some other
Typ-e-6f colunn found.atlon w111-be r6gulred. Thls
type of foundatlon must provlde support at the
polnts shovn on enclosure (1). The Proving Ground.
Officer ls r^equested to provld.e a found.ation system
whlch v111 slmulate Case 2 condltlone for use ln
the Test $er.les 1, 2 and 3. Thls foundatlon should
be d.eslgned. partlcularly for lnstallatlon ln the
c1l-matlc frangar, Serles 2 Test: Recorumend.atlons
and suggeeted. d.eslgns are requested for. s foundation
meetlng Case 2 roqulrements for use in $erles 4Tests. ?hls f ound.atlon should lnclude a means of
anchorlng the hut, uslng the tle d.own flttlngs pro-
vLd.ed ln the hut found.atlon beams.

(c) TeFpoT.arv.!.lslrtlng and fg-wqlSy.q.!,em - Lighttng and
outtets VIIJ. be required. for the tests. A sult-
able hole should be cut through the end. wa1l to
ca,my the power to a master panel located ln the
vestlbule near. the outslde door. It ls suggestedthat two suitable drop type llghtlng flxtures aRd
tvo powor outXets be provld.ed in each 12 foot bay' and ln the vestlbule. The power. outlets should be

- 116



located on tfre valls approxlnatel"y I feet above
the floor.. It ls belleved. a sultable adheslve
offers a posslble nethod. of fa lh! tfre varl-
ous elements of the electrical system to the
walls and ceillng of the hr.rt. The ad.heslve
should be of such a nature that lt can be readl-
Iy removed wLthout d.amage to the panel faces.
Recornmend.atLons a.re requested on methods of ln-
stallatlon fon flxtures s.nd. wfu"lng for: ad"optlon
ln the flnal hut.

4. The Provlng Ground. Offlcer le requested to perform as
soon as posslble the fo).lovlng senles of stud.les comprls-
lng the Series L Tests. These studies shouJ.d. be completed.
ln sufflelent tlme to per"urlt delLvery to the Alr" Provlng
Ground, Eglln Aln For.ce Base, Valparlso, !'J.onld.a by ap-
proxtmately 20 Septembei Ig4S for the $erles 2 Tests ln
the Cllraatlc Hangan:

(a) Elec_tlon :-s-!u1$1 - The object of this study ts to
AeE-ffi-e-tfrd nest and. {utckest method" oi enoottng
the subJect hut uslng not more than 16 men. The
erectlon pr.ocedure d.eveiolred. should lnclude a
stud.y of the most advantageous system of placement
of staoklng of the varLous hut parts around. the
pneviously constructod f'oundatlon, and the most ef-
flclent use of labor 1n accompllshlng the enectlon.
A1L per.sonneI engaged ln hand.llng the erectlon
should wear Arctlc mlttens. In the course of thls
study the hut nay be er.ected as many tlnes as ls
necessary to penfect the pnoced.ure, h'hen the pro-
ced.ur.e ts penfected a f1nal er"ectlon run ls to be
made ln vhlch work ls to proceod continuously wlth-
out stoppl-ng unt1l the hut ls completed. Thts 1s
to tnclude the bulLdlng only, not the 1nstaLlatlonof heatens oro eIectr.lc system. Durlng thls run
complete necor"ds are to be kept of man hours of
labor', tlme, veather, w1nd. veloclt;r, and temperature.
The procedune for" dlsmantllng the c6npleted hut {, r

shall be studled ln a manner slmilar to the methodfor er"ectlon. A manual shall be pnepared descr'lblng
the erectlon and dlsmantllng procedure developed,

(u) Int,lfygp*tg.llSil$tudy - The purpose of thts study ls
nature end extent of measurements and

observatlons r^equlned f,on load. tests and. heat loss
!9s!s to be penformed. ln $erles 2 Tests at EglinFleld and to tr.aln bhe teet persorrnel in the-in-stellation and use of the requlred. instrunents,
For. load. tests lt is consld.ered that measunement of
d.efrectlons of selected. panols, columns and. beams
should be und.ortaken sipultane6usly wlth measurement
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of strai-ns. A program of such neasunements ln-
cludlng tlre d.etennlnation of the polnts at wlt-lclr
measunements are to be made should. be planned.
Thls progra& should. make the unost efflcient use
of avallable men and instruments. Dlrect contact
should be mad.e with Eglia Fle1d to detei'mlne the
types and. nuinbers of Lnstn.rnents whieh they can
make avallabie for the Seri.es 2 Tests. For traln-
lng of personnel, lt ls suggested that the lnstru-
ments be lnstalled at a fev of the de:sired points
and a ser"les of t::laL readlngs made. For thl-s
pul'pose, the roof and flcor may be ]oed.ed up to
the d.eslgn Load.s by means of sand.bags, The hut
vas deslgned for 75 pounds per square foot for the
floor and 60 pound.s per square foot for the roof
(snov load ) . 

-g set of reaalngs ,of temper.ature ln-
s1d.e and outsldo at selected locatlons should be
nad.e over a ,48 hour peri_od.

(c) 4lf_E9gre_tgqlcg$r5--l_L$y - rhe objeet of thls studyj-s to deter"rnine the best nethod of preparlng the
subject hut fon atr"borne shlpnent. The packa,glng
system developed shall be such that 1t wilL lnsure
safe translt of the hut materials, and. prevent
dama.ge ln handllng. A ml,.nual, sha1l be prepared
vhlch ad.equately d.escrlbes the packaglng and. thet hut shall be packaged for. air delivery to ,Eglin
Fle1d. It ls lnte.nd,ed that the packaglng adopted.

. : be conservatlve ln order to carelully-p::eserve the
Fllot mod.eI. Experi,ence vlth this packaglng vtlI
pnovide a basls for. the pacicaglng of futwe huts
fon servlce use.

5. The Provlng Ground. 0fflcer ls herevlth requested..to pro-
v.lde all per"sonnel for cpnd.uct of the serles 2 Tests and- to
make all necossalay arrangements for the Senies 2 Tests Dlr-
ec!]X wlth the author.ltles at Eglin Field. Close cooperatlonwlLl be required. ln order to get the hut lnto the cLlmatlc
Itrangar at the d"esh"ed, temper,ature. Tentatlve temper.atur.e
run d.oy4r sehed.ule lnd.Lcates 65oF wil1 be reached on Septenber
20, 1948. Correspond.ence vil1 be ad.d.ressed as follows;

Alr Provlng Ground.
Eglin A1r Foree Base
Valparlso, Fl-or.ld.a

Attn: Col. I{ed"Lund
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Copies of all correspond.ence must be sent as follows I

(a) *rmanent and Equlpment Branch
Requlrements Dlvlslon
DC S,/0 U. S. Alr Force
l{ashlngton, D. C .

Attn: CoI. A. E. Hebert

(b) Chief of the Bureau of Yard.s and Docks

6. The Provlng Gr.ound Officer ls requested. to investlgate
the feaslblllty of shlpping the hut to Eglin Fleld by aln
and make necessary arrangements lf practlcable,.

T. the Provlng Ground. Offlcer is requested to ad.vlse the
Bureau by dlspatsh as to the date establlshed for. the final
erectl-on t::ial vhlch ts to be made ln accor.dance vith 4(a)
above. This notlce should. be glven at least 1O days in ad-
vance of the date set for the t:'ial ln ord.er that the Buneau
may advise the Corps of rlnglneers and Qua::termaster Oorps
vho have lndicated a desh"e to send representatlves..

8i By future correspondence the Bureau w111 forvard fur.ther
lastructions regardlng the Serles 2, J and 4 Tests. Studles
for appllcation of deslgned vlnd. Load. should be undertaken at
oncg.

9'. By'reference (n) the Air: Forces gnanted. the Bureau per*
nlsslon to use the Eglln Fleld. faclLttles at a cost of ap-
proxlmately $4,025.00. When exact cost ls determlned by the
'Provlng Ground Offlcer', the Bureau w111 laitiate a transfen
of funds to the requlred amdunt.

10. Photographs and complete repor.ts, both lnterlm and
fi.nal, wlth reconmend.atlons, should. be f'ur.nlshed thls offlse.
Authorlzed by: J. J, McGaraghan

Encls(n/w) 1, $ketch showing proposed. locatlon of supponts
for foundation beams

?, Copy of Ref (a)
3. Copy of Ref (b)

CC: 0in0, ABD,.Ilueneme {a); DlrPacAlDoc}cs, P-332 (,fOfffe)
P-332 (Pco)
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PROVTNG GROUND
U. $, NAVAL ADVANCED BASE DEFOT

CON$TRUCTIOI{ BATTAL]ON CENTER
P0nT H(mNEME, CAI.,IF0RNTA

Nr4-59/A1-1
236/aar

16 Decenber 1948

MEMONANDUM OF PROCEDURE NO. HAI-OOO O1A - SENIE$ 2 TE$T

$ubject: Douglas Ar.ctlc Hut, $enles ? Tests
Ilangan, Eglln Fleld" Florida - Job

Enctrsr (A) nAre Dvg. No. HAl-000 01A - 3

tul lfi$3"3;*. No. HAl-ooo 01A - 2

trr lfi$3*1"*. No. HAr*ooo orA - 1
(pne-erectlon).

1. GENERAL

at Cllnatlc
Order No. 4595.

ThermocouPle

Gage Locatlon

Layout Plan

ProJect Manager: E. H. Moser.
Fleld wotk to start: Approxlroately 1l January
1949.
Test to start: Appnoxluoately I February 1949.
Estlnated oompletion date: Approxinately 1l
March 1949.
Photography: Aln Provlng Ground v111 furnish
personneL and naterlal for both ettll and movlng
plctures deslred. The negatives and flln of
these plctures w111 be furnlshed. the Advanced
Base Provlng Oround.
Repor.ts:
(1) Coples of dally test sbeets v111 be for-

ward.ed to the Advanced. Base Provlng Ground.(2) An lnterlm report wftt be pr.epaned upon
completi,on of Serles 2 test.
2 . I4$TF,SI+{, 4ltP".pqF.g*EAgrpwllg

(e) ffre followlng naterlal and equlpment v111 be
shlpped by the Ad.vanced Base Pr.ovlng Ground to Eglln Fleld
for" use in sonnectlon vlth this test:

(1) Materia]:
(a,) The DougLas Arctle hut and erectlon bools.
(b) Space heaters and. fuel supply system.

{;j

t3t
(e)

(f)
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t;l
(e)
(r)

Electric fans and. ventS.latlng stacks.
Found.atlon bloclcs.
Itghting systen.
Entrance sbeps..

(a ) Egq$xxeg!:

and. necessary

sany straln ga

able ) .

(a)
the
(u)
ges
I")
t3](f)

tsl(r)

Brown Electr.onlk Indteatlng Pot6n.tl.ometor"
rmocouples,

Sn-4 portable stnaln lndlcator and neoes-
a

Deflectlon g€,ges and stands.
Anemotherm alr meter.
Sensltlve dr"af't gage.
Nicholls-type heat-flow meters (if avall-
$and.bags f or' load. test.
Bench mark stand.
Scaffold.ing fon applylng roof load mat-

erlaL.

.(:) Items llsted above under paragraphs (a) (1)
and (A) (2) wtll be crated and, shlpped by nall on 23
December 1948, fon arrival at Egl1n Fleld not J.aten than
14 January 1949, The Frovlng Ground Materlals $ectlon v111
process all paper"s pertalnlng to thls shlpment.

(g) Materlal and Test Equipment to be furnlshed.g&, 
-(1) Materlalr

("J; bags totatlng up to 30,000 pounds.
(b) Approxlmately 800 gallons of spaee heater

fuel o11, vith a ulnimum pour point of mlnus 65oF,(c) Up to 60 cublc yards of sand for filllng
sand bags. .

erectlons. 
(a) Two !-foot step-J.ad.d.ers for use 1n

reen (15),u,-. r5u].JTl1i""*:l*llg ii""3lEloxlnatelv 
slx-

(a ) Tqgt_ Fquxpsenr I

(a) Transits and. levels for use ln readlng
d.eflection gages.

(b) Space ln por.table obser.rratlon room for
Locati-on of test lnstnunnents,(c) $tuouLated vlnd.s on hut, trf posslble.
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3. CIIR0N0L0GICAL 0nDER 0F SERrE$ 2 TEST

the chronologlcal or.der of the $er,les 2 Test, as out-
Ilned ln the follor.ring par4agraphs, ls based on the lnfon-
uatlon available concerning the cllmatlc hangar run-down
scheduJ"e and vilI be subject to revlslons necessary to rneet
unforeseen changes Ln thls sched.ule, and to conforrn wlth
othen tests belng eond.ucteo.

(a) Bs!gg9!-15 gppsarr--g*S. I Fe.Fr.ga.rJ:

(f ) Due to the number of test erections r,equlred,
and ln order to ellmlnate extra erectlons, the erectionvlthln the hangar neeessary for installatlon of electnlcal,test and. exhaust equlpment w1lL al-so be conducted for ob-
servatl.on by BuDocks I'epresentatlves.

(a) $and. bags vil} be frl"led and Load test ma-
tenlaL storod, 1n avalla,bLe space vithln hangan.

(u) g9]g-'$181re- !sslo9:
After erecting the hut for

struments, e1ectr1clty, -etc., lt v1ll
the cold soaklng per'lod sched.uLed to
1949, for the stantlng of testing at

lnetallatlon of ln-
remaln erected. durlng

start around I Febnuary
plus 20oF,

(l) Heat Loss Test: The eave-llne cracks of the
hut will be cauflEd-=fr134-6Eon flben (lanp wtqlctng) and
the space heater,s flned. as soon as the plus 20" teit penlod
starts. For the next 48 hours, the lnsid.e tempenatuno of the
hut w111 be malntained. at 7oo above zero at a bolnt 30 lnches
above the floor. During thls tlme, hour"ly record.lngs of all
thermocouples w111 be logged (for iayout lee r.ef (*); andfuel consuruptlon records-naintatned,.- A1r fl-ow veiocttles
thnough the lntalie and exhaust outlets of the ventlratlon
system v111 be malntatned and. regulated to obtaia one alr
change per hour for. the flrst Z4-hour.s of test, For thelast ?4 hours of testlng, two, three, and four at:: changesper houn wl1L be attempted., and test per,lods of B houns
eaeh for these alr changes cond.ucted., tf satlsfactory heat
comfort ls obtained, Alr current veiocities and dlrbetlonswithln the hut vill be obtaJ"ned., and draft r"ecor"d.s of the
space heater exhaust stacks mad,e, rf , durlng this 48-trourtest perlod alr stagnatlon are&s are found wittrtn the hut,
eleatnlc fans w111 be used in an atterapt to obtaLn satls-
factot'y_atr clrculatlon. Also, lf pnactlcal, a siauLated.
wlnd vlLl be appJ.led. to the outside of the hut d.urJ.ng apar! of thts test perl.od ln ord.er to d,eternrine adequacy of
caulking and effects on heat Logses.

(c) Plus 20o Test Perlod.t



(2) Floor and Roof Load Test; Load. test
marenLat v1lt baEFffi-ffior and slx (6)
noof panels near the center of the hut. These Loads
wllL be applied. ln thi'ee lncrements each untlL a maxi-
mum of 80 pounds per square foot ls applled to the roof,
and. 100 pounds per square foot to the floor. Deflectlons
and strain gage readlngs vtll be made durlng this test
(fon layout see ref (b).

(:) Erectlon Test: A dtsassembly and erectlon
test agalnst tlrce v111 be mad.e after the completlon of 3(c) (1) and.3 (c) (a), (ron layout see ref (c). Upon ne-
erectlon, space heaters, llghts, lnstruments, and cotton
caullclng w111 be relnstalled and a heat loss teet nnade to
detei"mlne the tlne requiied to bnlng the hut up to the
deslred temperature at the comfor.t zone. A,Iso, lf pernitted,
thlE heat J.oss test wlll contlnue duri.ng red.uctlon of the
hangar temperature to the next test perlod.

(a) Tgst Perlod. at oo: ff thls test per'lod ts
sched,uleO T6r-TiFffi,il*ffie heat lose and floor and
roof load. tests schedule under par.agnaph 3 (e) above,
wlLl be repeated. No erectlon tests w111 be nade durlng
thls test perlod..

(e) Test Perlod. at Mlnus 20o: If thls test perlod
Ls schedul@-Tre--E-e'at loss, roof alrd fLoor
Load. and er.ectl-on tests schedule under paragraph J (")
above vtLl be repeated..

(f) Test Perlod for Mlnus ff thls test perlod
t loss and Load. teetsle schedul

sched.ule unden paragraph 3(c) w111 be r"epeated. However,

at
only a pantlal d.isaseerably and er.ectlon test, to lncLude
at least one bav of the hut - will be attemotecl a.t thl.st one bay of the hut, w111 be attempted at thls
teuper.ature. If an erectlon is not deemed. ad.vlsabJ.e, alL
seams v111 be cauLked vlth Mlnnesota Mlnlng EC 800 $ealer,
and a second 48-houn heat l"oss teet cond"uc[ed.

(e) reg!- leLlgg-.e.t Ml$us_ 65oj

(1) Seat Loss Test: [h1s tegt vl1i. be ldentlcal
to the test lls@graph 3(c) (t) above, except
that lt wllL nun for onLy 24 hours, lf cotton flber
caulklng at the eave Ilne on3"y is used.

( 2 ) F.Loor gnd" B-q-of, Loa@ -Tq-st-s-1 lrnned.lately up-
on completlon o of load test,
sJ-nl}ar to the one dessnlbed under. 3(c) (e), wilL be con-
ducted..



(S) Upon completJ.on of 3(e) (2), and lf a
partlal erectlCIn has been mad.e at mlnus 40o, the buLl,d-
lng v111 be complefely cauliced vlth Mlnnesota Mlnlng EC
800 $ealen.. and. the heat loss test, outJ.lned. above, ro-
conducted. for another. 24-hour perlod.,

(4) Upon conplbtlon of 3(e) (:), the roof and
floor" of the entlre hulJ.d.lng wlll be completely load.ed.,
applylng in lncrements, 60 pounds per square foot load to
the noof, and 75 pounds peu square foot load to the floon.
Deflectlons and. stratns vill be read. durlng thls load,
test.

(5) Upon compLetlon of J (e) (4), a d.ls-
assembly and. posslble erectlon of the hut v111 be
sched.uled.

E. H. MOSNR
Str"uctural Divlslon Head

Appr.oved,:

InffiedE

r
CC:
DtrFacAlDoeks
Alr Provlng Grcund, Eglln Fleldo Fla. (3)
01nC, ArctLc Teet $tatlon
Frovlng Ground. Fersonnel
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APPENDIX B

Descrlptlon, Pai.ts Llst and. Details of
----ilioffifl€aTffi-affi-Iffi

Descrtptlon of Hut

Par.ts Ll,st ulth $!zes and Welghts - Table 4.

ABPG Dwg. No. BrO
Pne-Erection Panel Placement of Roof
Plan and. Ileatlng Dlagram

ABPG Dwg. No. 811
ELeetrical Wtrlng Ee,rness and. IvllscelJ.aneous Detalls

ABPG Dvg. No. 812
Panel 0penlngs and, Dotalls

ABPO Dwg. No. 813
$pace Heater

ABPG'Dvg. No. 814
Roof Jaek Detalls

ABPG, Dwg. I,Io. 815
Fuel $upply Systen * Mlscellaneous Detalls
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pE.r,AJrrEq; QE$c,EIprl0]{ .gJq,. ;N4rlE.$!rcrlc }i,uT (tmryl r t

The Navy Arctlc Hut 1s a prefabrlcated str"uctureo 20

feet wlde, 48 feet long and has an avera;ge celi-lng freJ-ght

of 8 feot. The largest lndlvldual part, a 2a foot, 150

pound, tnaneverse roof support beam, can be placed. by three

men and only tvo uen are requlred to place any other part.

The floor, walls and roof of the hut are uad.e up of

panel-s. These penels are made of a sandwlch type materlal

conslstlng of ,& resln-lnnpregnatedo honeycombed paper core

between tvo 0.020 lnch alunlnum sklns, The vall paneLs are

3 lnchee thlck, 4 feet vlde and nange frcm 8$ feet to 9*

feet Ln length. The floon and roof panels are 5 inches

thlck, 4 feet vlde and 10 feet long. The edges of all
panels are covered. vtth a pLastic laulnated. fiberglass

naterlal vhl.ch 1s formed lnto elthen shlpls,p or butt Jolnts
ag' requlred by the hut d.esign, Felt str.lps are gLued. to

tlre :natchlng ed,ges of these Jotnts to fonm atrtlght seals,

and, the panels are held together. r,rlth wedge tree conneetor'

plns nade of plastic, relnforced, wlth fiberglass.
' 'The roof lras a low pltch, dropplng 1 foot ln the 10

feet fnom the rtdge trlne to the eave llne. fhe sld.e wal]s

suppOrt the outer. edges of the roof and ,the nidge ls
suppor.ted,by butlt-up :alumlnurn H beams. The rldge beams

ar"e mad,e up i.n 12 foot lengths and. are supported at each

end wal.tr by formed alumlnuno stanchlons and.'at eaoh 12 foot



lnter.vaL by butlt-up alumlnum transverse beams, The trans-

verse beams are 20 feet 1-ong and are supported by stanchlons

secured. to the slde valls. A]1 the roof support beams dnd

stanchlons are held ln place wlth the wedge type plastLc pins.

A br.ansverse non-load. bear.ing partltlon wall ls lncLuded

to form an entnance vestlbule. Thls wa1l can be located at

any of the panel jolnts along the walle except at those iolnts
where the transverse beams are located. Thts vall and both

e-nd walls lnclude panels aontalnlng doors. Eech dootr and

'!{all paneL, except the center end wall panel"s contal.ns a

doubLe glazed. L4-tnch dlameten plexlglass vlnd,ow.

The entlre bu1ldLng rests on a 2-foot hlgh alumlnum

foundatlon. Thls foundatlon is mad.e up of beaus L2 feet ln

length and, clamps, wlth self contalned wedges, are used to

tLe the beams to 'each othen. The wall and floo" panels a,re

secu1"€,d' to these beens ,w1th aLumlnum and metaL-tlpped pJ.astic

screw plns, respectlvely.

- 
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APPENDIX C

Heatln$.

Development of Eguatlons

Computatlons

Temperature Dl s tnlbutlon

TabLe 5

Physlologlcal $tudles

Tab1e 6
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p, ElrLr{oPilrENf 0F. EQUATT9N$

Developnaent of heat baLance and alr change equatlons for
computlng heat lnput; heat losses through combustlon products,

exhausted ventilatlon ain and exposed surface anea of the

structure; and., to d.etermlne ttre quantltLes of vontilatlng
aLr wer.e based on the f,ollowlng factors:

(A) Use of otl-flned heaters,
(B) Use of a gravlty ventlLation system,

(C) Inabllity to accunateLy measure the voLume of
lncomlng ventllatLng aln due to lts 1or,r temperatures,

Based on these factors and the generaJ. arrangement of the

heatlng and, ventllatlon system, the fLor,r d^Lagram 1n Flg, T3

v&8 constr"ucted. fon d.evelopment of the deslned eguatlons.

Heat .lnput.
Fr.om the flow d.lagram, the fol"Lowlng equatlon

where

Q=18150xWF

Q = Quantity of heat lnput ln Btuts per

18160 : Btuts heat pera pound, f,ueJ.,

WF = pound.s of fueL burned per houn.

was wrlttenl
(1)

hour,

For' lts Low f::eezlng polnt, -T6oF ,, Speclflcatlon AN-F-

32a, Grad.e JP*l fuel vas ueed dunlng these testg. A caJ.ire--
meter test on & sa,Bpre from the Lot used. egtabLished a net

Btu value of 18rJ.6o per pound.. volunetrlc meagurements

were used. to deterurlne tlre quantity of fuel burned per hour.

A conversion fastor to pounds p€n hour vae establtshed for.
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o
W. - lbs.;'hourv 

cornbustion
air.

Wy = lbs./ hr.
ventilaling air,

tr- Tgmperatu.re
0t comDustton
omducts exhaust'
'ed from hut. /

tr= 8v€f'3oe iemoer-' aturg -of livir\g
quarfers.

Qr - BI u/ hr.
heiaf losS thru
structure

$= f bs fuelrr[;.'
temperature

Fig.73. FLow DTAGRAM oF HEAT rNpur, HEAT
LOSSES, AND VENTILATING AIR, FOR,

NAVY ARCTIC nUTO'aal) USING AN
OIL-FI RED SPACE HEATER AND A
GRAVITY TYPE VENTILATION SYSTEM.

v

{'+
t' ?l

I

hl
"'t" - Ietpeqature.of

venfilatinq air
leaving building.



each arnblent hangar tdnrperature sl-nce the fueL suppLy was

stored outslde the hut 1n the hangar.

Hangar Tentpet'ature Welght of fuel pgf Llter
-.-u1i'.*k

58 1.804
15 1.956o 1.878

-20
-40
-65

Hea t Loqg_ !b!gggh-, c-gnrbps ti gq lJg$Lqqg.

From the fLow dlagnam the followlng equatlon was wrltten
(z)

L .894
r.916
1.924

QC = 1,rlg xat x 0.24

whene

Qn = quantlty of heat loss tht'ough combustlon products- ln Btuts pen hour,

WC 3 pounds of combustJ.on air per. hour,

A t : ts - t., on tenpenatune dlffer.ence ln oF. between
temper5ture of combuqtlon products at polnt of
exhaustlng from hut (ts) and temperatune of out-
side air (to).

Before the tests, the heater stacks lrere fltted wlth

Pltot tubes and through caS.lbratton an Avet'age Alr Flow 1n

lbs/hr vs Pltot Tube llead x Denslty chant constructed. Thus,

the Pltot tube head readlng, obeenved. ln lnches of llquld,
muLtlplted by the alr densit;' computed. by the equation

DensltY = l.'324 x ln' Hg

whene oF = ts

could be found. on the chart and the average flow of combus-

tlon aln 1n pounds per hour (WC) r'ead d.lrect.

- rcR



Fqa! . 19e:q. thrcq.q4 v9+tl1qgls-s1!.
From the flow dlagram, the followlng equatlon was

rrltten
Qy = WV x At x SPeclflc $eat

Qrr : quantlty of heat loss through ventllatlon' alr ln Btur s per hour,

WV r pound.s of ventlLatlon a1tr per. houn,

At = t*, - tq or temperature dlfference ln oF. be-
t#een iemperatire of ventllatlng alr lea'ving :

bul1ci1ng (tu) and tenperature of outslde afu
\"o/'

Durtng the tests eyerage aln flov rates 1n feet pen mlnute

weregbeerved.1ntrrLeventt]"atorsatapo1ntJustbe].owthe

cel3.tng uslng an Anemotherm. The observed flows wene substl-

tuted ln the equatlon

wrr: fpn x o.308 ftZ x 60 nln. x 1'3?4-x 1n' ngv - -oF+ [6b-
vhere 0.308 ft2 = area of ventllator,

oF:tv
to determlne the psunds of ventlLatlon alr belng exhaused per

hour.

HQat. L?s"jy *thrgu* qtJF_cr9}fg.

From the flow dlagran and equatlons (f), (e) and (S)

the fol-l.owlng equatlon, reasonlng that the unaccountabLe

heat losses passed thnough the structure, was wrltten

Qr = A - (054 eo) (4)

whene Qt - heat Losses passlng thnough structure ln Btu.r s
ner hour,

QC = QCL * QCa on a sunmatlon of the heat losses

(s)
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through the heater stacks,

QV = %' + %, or a srmmatlon of the heat losses
thFough- the outl.et ventllators.

Aln change

As the lncomlng ventllatlon aft. was too co1d. for measure-

ment at the polnt of entry, the measurements of the quantity of
alr exhausted th:rough the ventlLators and tha.t ln excess of
the minlmum requlned, to support oombustlon passlng out the

heater stacks, volpo comblned. to obtaln a,n avera,ge quanttty

betng passed. through the butldlng per. hour. Based on th1s,

the follovlng equatton vas wrttten
Ac-5.+.(Is-vc)re (r)

vhere = the number. of a1r" changes per hour,

= 
WVI + wva or a surunatlon of the pound.s of alrffi'q;
passlng through each outLet ventlJ.ator dtvlded
b,y lts denslty to obtaln the total cubtc feet
of ain passlng thnough the ventl3.ators,

v$ = b * Yt? or " sunnatlon of the powrd.s of atrasl ' dsZ passlng through each stack dtvlded
by lts denslty to obtaln the tctdl

cublc feet of alr: passlng out of the bulldlng
through the stacks,

V6 = the cublc feet per houn of alr regulred to sup-
port combustton,

7L60 = the cublc feet of alr srrace ln the llv1ng quar-
tens of the hut vlth the par"tltlon waLl locat,ed
4 feet fron the entrance bnd.

fn deter.ntnlng the cublc feet pen hour of alr requlred to
suppont combustlon the equatlon

AC

vv

140



cu ft ain neqd/untt fuet : neptlng ,Vqlu.e -(g!g/u#!.!)100

vas used. to anrl-ve at an approxlmate theoretlsaL allr requlre-

ment. To thls, &n excess of 20/ was ad.ded, based on the

quantltles of excess afu. requlned for. best combustlon results
wlth fueL olL. Conputatlons estabLlshed 2L5 cublc feet of aLr

for each pound. of fueL burned per: hour as the quantlty r:equlned.

Hee,t Losses Through FLoor. Wa11s. Wind.ows and Roof

Dellneatlon of the heat losses for the f1oor, walls,

wlnd.ovs and. roof sunfaces was accompllshed by heat flov
studles uslng a Ntchols heat flow meten. EstablLehment of an

average oven-alL heat tr.anEmtsslon coefflclent (U) for each

surface r.esulted ln development of equatlons for computlng the

losses thnough these surfaces for each heat baLance stud.y.

ttea@JLogr.
Tvo fl.oor cond.ltJ-ons vere observed, one vhere the floor

v&s covened wlth a 3/B-tnch plyvood veartng surface and the

ottrer where the floor wes bane. 0bgervatlons wlth the heat

flow meter were &s follows:

0u!.s19.e, Temp. Temperatur.e Dlff .

0p

Inslde to Outslde

oF

Cover.ed. Floot:
Heat frans. Coef

Btu/hr ft2oF

Bare Floor
Heat Trang.
Cogf. ^^Btu/hr ft"F

t5
0

-20
-40
-40
-9s
Mean

The plywood

49
59
79
95
B8
e9

floor covering

0.094
0.083
o. 101
o. oB5
0.109
a-fi94

was used throughout

0.1.28
0. r.23
o. Lolt
o,1L7

-dTTg

the heat

L4L



o tests; ther.efore, the mean

condLtlon, 0.091t, was used.

nlnlng the total heat Loss

wes vrltten

eoefflclent establlshed for thls

for all computatlons, For deten-

thr.ough the flooir the ,equatlon

whene Qn : quantlty of heat loss through fl-oor tn Bt:a's' Per hout',

atfe = ffiffi:':Il"*3*fl;ffiffi: ll"i"fffffl +Htf'
bule and aver.age outslde aln temperature Just
under floon,

BO ft2= area of floon surface ln vesttbul.e,

atpq = Htffi;.31i",:#:ffiffi: l3"l'rl33}.il il;ffi8"
quarters and average outside alr tempe:rature
Just und.er floor,

gfi ftZ = area of fLoor. sur.face Ln Llvlng guarters.

Ileat Loss through waLls.

0bservations wlth the heat fLow meter resuLted ln the

fo11.ovl,ng:

Outslde
Temperatu:re fnsid.e to 0utslde

.6oF oF Btu/hn ftz oF

r.5
n

-20
-40
-40
-Qs
Mean

The nean coeffLclent establlshed, rfrom thes.e observatlons,

0.164, was used. 1n'dete'r:nlnlng the totaL heat Lose through the

Qg, : 0.094 xatgs x Bo ftz -F 0.094 x atro x 963 ttz (6)

Temper.atune
Dlffenence Ileat Trans. Coef..

58
73
89

11B
118
i3p

o. L63
0. L6l+
0.164
0.163
o,165
0.162
6.--rtr

- 142



O walls. Tbe equatlon vas vrltten

Q4 . 0.164 x l$"* x ?ze ft? + 0.164 x d'"q x 8e8 rtz (f )

whene QW = quantlty of heat lose thnough walls ln Btuts
per Aour,

'atve= ffiii:":11".3iffiff;ti: l3'ffi:"":3?';Xi:"3iu
the average outsld,e a1r temperature,

222 ft? = &F€e, of wa1l gurface Ln vestlbuLe (tfrfs.
figure d.oes not lnclud.e the vLndow area),

*twq - H3ffi;"11i".3*|IH?ffi: li'{f;3"r1}idtlSg:
tens and the average outside aJ.r' tempenature,

8aB ftz = &x€o, of waLl surface ln llvlng quarters
(tnfs flqui'e d.oes not lnclud.e the vtn-
dov area),

Heat loss thrgugh wlnd.ow.s.

Observatl-ons with the heat flow neten r.esurted in the
f oJ.J.oving:

Temperatune
Outslde Dlfference Eeat Trans. Coef.Temper.atune fnslde^to Outsldeop oF 

..,a_ru lLrr."r.!? ":F_-ffi;1:":ffi *. * .,,.-. .*, .,--. -
15

n

-20
-40
-40

. :.-o:
Mean

i;
B9

118
118
128

0.;;;
4.325
o .348
0.365

. 0.329
0.332

The mean coefflclent establlshed fnom these observa-

tlons, 0.332, vas used. Ln deter"nlnlng the totaL heat loss
through the vj.ndovs. The equatlon vas vrltten

_ 143



Qhtr4 = 0.332 x swwe x 1.97 tt? + 0.33P x atwwq x 8.53 t$ (B)

lrhere Qww = euarltlty of heat l-oss through the wlndow ln
Btur s per hour,

.rtwe = li3l3:.:$"'3*i:;ffi $: n'ffi:",,:3i'ffii:"5iu
the average outsld.e alr tempenature,

l.g7 ft?: e,rea of vlnd.ow surface ln vestlbule,

,{twwq = temperature dlffer"ence between the average
lnsLde alr" temperature ln the l1vlng quaxi-
ters and. the avenage outside aln temper-
ature,

8.53 ft2= are€, of vLnd.ov surface ln lrvlng quar-

&gs l-o.sljhtrssh
terg.

roof.
Observations wtth the heat flow meter resurted. ln the

follovtng:

Temper.atureOutsl.de Dlfference lleat Trans. Coef ,Tenperature Inslde to 0utsldeoF oP gtu/nr ft2 op

15 68 0.083o 74 0.109
-2Q 97 0.083-40 rar o:og5-40 Lt8 o .ltii-FF. l2B .9_loe
Mean 0.og7

The mean coefflclent estabLlshod from theee obser.vations,

a.ogT, was used ln computlng the total heat Joss through the
roof. The equation was rnltten

Qp = 0.0pJ 3 atre x 8o rt2 + 0.09? x arr.o r 8BT rta (9)

vhere Qn = guaotlty of heat loss through the noof ln
Btur s per" hout.,

Atr.e ; tempenature dlfference between the average
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lnslde alr temperatune just below the celllng
in the vestibule and. the avelage outsld.e alr
temper"ature just above the r"oof,

8O ft2 = &r€a of roof surface ln vestlbule,

'jtrq = l;3i3:'lli"'3i|::ffiffi: 3::{";3rl*"rf,X"rasecelllng in the llvlng quar-ter"s and. the out-
slde alr just above the roof ,

887 f t2'=. area of roof surface 1n llving quartens.

ggpge.-tlt!--g.I*l"os,se,g*lh{ortglr tlooJ-r-wa}}s,-,.v.!L{o"ws a.qd.-.rooL

From equatlon (6), (T), (B) and. (g) the follovlng equa-

tlon wa,s wrltten

Qs = Qr + Qw *- Quv + Qn (ro)

vhe'e Qs = l*"::'*lrt3?'$il13"*:":"1":::; llTtfll,'|:,
houn.

Hg at-t ggssg thr g yeh- .ig +gl ql*c@ .

Measuneruent of heat losses thnough the jolnts, connectors,
I

suppJ.y J.lnes, etc. , of the hut vere noi attenpted d.uring these

tests. Sources of such Losses lnclud.e:

a64 Llneal feet of wall lap and corner butt joints
221 Linea1 feet of roof lap joint
268 Llneal feet of floor lap-joint
136 Llnea1 feet of eave butt joint
48 Llneal feet of nldge butt jotnt

136 Llneal feet of floon to,waIl butt jolnt
32 Llneal feet of door. lap joint

110.5 Linoal feet of window freJoes
616 each lnsid.e to outsld.e p1ast1e conneetors

1 each cluctric po\{cr ln1et
2 each fueL oiL supply ll-nes

To determlne,the pr.obable losses through these sources,

the follovlng equatlon vas lmltten

{11 )
r\r\nvM=qT-'.tS
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Thus reasonlng that the difference between the total heat

loss passl,ng thnough the str-'uctune and the measured losses

thnough the f1oor, walls, vlnd.ows and roof passed. through

the jolnts, corulectors, supply Unes., etc. (q4).

Ileat Transmlselon Coefflclent for Hut as a Whole

To d.etermlne a heat transmlsslon coefflclent for the hut

e,s a vho1e, the follovlng equatlon was vrltten
Q1

u = EB9-IE* (ra)*;r--**
where U * average heat transmlslslon coefflclent for" hut

as & uhole,

2989 ftz = tota] lnside floor', wall, wlnd.ow and.
roof surface area for both entrance
vestLbule and llvlng quar.tens (tgngr.-
1ng the aroea of the partltlon wa11),

;t = tr*: tp or temperature dlfference of oF between
avera8e lnsj-de ternpei'ature of llvlng.quarters
(tr) and temperatu::e of outslde alr (to).

S5-_--ssl!g.1p.nce.,3lth.Fip.g

[o d.etermlne a heat balance uslng electrlc heat requlred

conslderatlon of the followlng condlt j-ons:

(A) Lask of heat losses thnough aombustlon pnoducts

(B) Use of a thr.ee-phase electr.lc heater

(C) Measurement of all electnlc heat tnput

Base on these factons, equatlons (1), (a), (3), (4) and

(:) vere revlsed..

Heat fnpu9.

The follovlng equatlon was wrltten

Q r 1.1i1 +. wL x 3.4126 (13)
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O
where WH 

= ^A x a x v or the total watt output pen hour
of the electrlc heater',

WL = the totaL ratt output per hour of the eles-trlc llghts belng bunned,

3,&126 ie the Btuf s pen watt hour,

s,ea! j..qss tltrgll$ yg.nt,4gttoq A1I.
Eguatton (3) uas used. to d.etenmlne the quantity of heat

ross 1n Bturs per houn belng passed. through both the ventl-
lators and the heater stacks. To make thls equatlon worlrable

for the losses through the heater staeks, alr fLov rates ln
feet per mlnute rrrere observed 1n the stacks at a polnt Just
below the celllng uslng en Anemothernr. The obser.ved. flovs
vere substltuted. 1n the equatlon

Wg = fpm x 0,Lg6 *2 x 6o udn. " ffi
whene 0.t95 ftZ : anea of stacl.:

oF:t

and W, was substltuted for. \ in equatlon (3).

Ileat loss throueh structure.

The followlng oquatlon, r,easonlng that the unaccountabre

Losses passed. through the structure, vas wr"ltten

%
vhere A{'

a-Qv (14)

struetur.e inheat losses passlng thnough the
Btur I per hour,

(5) wa,s

-vv- n5o

revrl"tten to read.

fty = aVf t_ QVa + QSl + QSa or a srirnmation of the
ventllation aIF heat-losses thr.ough the out-let ventllatons and the heater sticks.

$1.r *Fqngs..

Eouatlon
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vhere or a surunatlon of aln
passtng th:.ough each
outlet dlvided by 1ts

denslty to obtaln the total cublc feet of aln
passlng out of the bulldlng.

Fue 1. 
. c o,.rr 

? qpp!.l og I o qjlpg,glll: g 
. 3 l.f c}g,ng e g

Dunlng the tests, controJ. of the degired quantlty of rn-
comlng ventllation alr was d.lfflcult glnce acsurate measure-

ment at the polnt of entry was not poselble wlth the l.nstru-
ments avallable. fhor"eforo, for a gJ.ven set of cond.ltloas,
the measuned alr changes as d,eternlned by appllcatlon of
equatlon (5) vanled. fnom those deelred. Hr.rwever, ln ord.er

to make conparatl,ve fuel consumptlon studies over the range

of outsld,e teuperatures made avqllable d.unlng tbe tests, tt
beca.me necessary to ests.bllsh a basls of companlson. A study
of the collected test d.ata lnd,lcated that at each outslde tern-
perature, the beat rosses through the structure for a glven

set of lnslde condltLons, i.e. wlth natural clr.culatlon of
warm aJ.r, were falnly conslstent, As the space heaters oper-
atlng offlctency wouJ.d also be falr:Ly constant, then the ad-

Justed fueL consumption for" a speclflc alr, change couJ.d be

based. on the expected. losses thnough the ventllatlon al.n

passlng out of the bulldlng. Thls neagonlng resulted ia the
follovlng equatlon belng wnltten

Fec = Fo-

y,,= HVl lrlva }'ist !{sa
v-;-T-.-?-+-qvL dv2 dsI ds2

fuel nequlned. per hour for
change,

vc) -ACp__^ \ql-*---" a "evi--*Tffi6o*-)
(16)

rrhone Fac :
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Fg = fueL consumptlon per :hour observed for a
glven test,

Vy + (Vg Ve) E total er:rnmatlon of ventllatlon
ln eublc feet for a glven. test
d,etermlned 1n eguatlon (5),

; voLume of ventLlatlon'a1r ln eublc feet re-

aln
as

Acn

vvJ
gulr.ed for speclfic a1r change,

sumratl.on of ventlJ.atlon eLr ln sublc feet
passlng through ventllatons for a glven test
as determlned ln equatlon (5),

av : suftmatlon of the heat losses ln Btuts per' ho-or passlng through the ventllators fon a
glven test,

L816O = Bturs ln one pound. of fueL

Dellneatlon of ll.eqt Lossglfor $peci.flc Alr Changes

As ln the establlslrnent of an equatlon for determlnlng

the fuel consumptlon foro a speclflc aJ.r change, lt also be-

caale necess&ry to fo:nmulate equatS.ons for deLlneatlon of the

hee.t losses fon a speclflc air ohange, This rltas necessary ln

order. to have a basls of comparlson for the nange of outsLde

ternpenatures made avalIab.le durlng the tests. For a seleated

alr change, the followlng equatlons were apP}led to the re-

suLts of the test most nearly neetlng the deslred condltlons.

Il,eat tnpuS {o"q"..4.qplTgd Sl,r_c4ange .

The followlng equatlon was vrltten
QaC= FaC x:816O t17)

there QAC = heat' input 1n Btuts per hour,

rac = 
ffiT*i"ii"l"?laiurned 

per hour as detenmlned

19L50 = Bturs per pound of ftrel.
Heat loss through structu.ne for deslred alr change.

The followlng equatlon ras Trltten
149



vhere

Qrac':At xux a989 rtz (18)

AfaC r heat loss through st:ructure Ln Btuts per
noun,

A t = t", t,-., or ternperature dlfference ln oF be-
tireen d,ve:rage lnslde temperatur"e of llving
quarters (tr) and average .temperature of out-
sld.e alr (ta) as establlshed 1n the test most
near.ly meetlng the destr.ed condltlons,

U:* heat transmlsslon eoefflclent for the hut as a
whole as establtshed by the mean fon aLL the
tests conducted,

zgAW$ '=- total, tnslde floor., waLL, wlndov and roof
surface €,rea for" both entnance vestlbule
and Llvlng quarters (tgnortng the area of
the partltion wa1l).

Itpat lp.gsq.s llggueh vgnj:],q.t*on, g#r- {pt. ggslqgd,9.4f .gbqg!se,.

The foLLowlng equatlon lras vrltten
AC xQ

Qvnc

whene Qvac :

CDV
vv

(rg)

ACp

&at I,oss.ep , $Xo-*qll.g..o-nlHi.q.!lo.fr,..a.Lt*fof..de,qlle4 alt Shan$e .

The followlng equatton was wrltten

Qv

Vy

heat Loss through the ventllatJ-on alr tn
Btuts per hour fon the d.eslned aln ahange,

volr:me of ventllatton alr deslred tn cublc
feet,
total heat loss thnough the ventllatton alr
ln Btuts pen hour as establ"lshed ln the test
most nearLy neettng the destned condltlons
and detennined by equatl,on (4),

total voLume of alr exhausted. through the
ventllator.s ln cublc feet pet' hour ln the
test most neanly uoeetlng the desilred cpn-
dl-tlons and dele:rmlned-by equatlon (5).

(ao)

1n Btuts
QcaC = QaC ( Qrs,C + avec )

QCac = heat J.oss through oombustlon alr'- per hour for a glven aln change.
whe:re
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I.{_qa t F al?qcg., aq$.*+}.f .Sl,gi}e.g_ v LLh pp?g.e IIg e}.gf s

Equatlons (1) thnough (fa) vere used ln computlng the

results of all heat tests oondueted ustng the space heaters

as a source of heat. To slnpLlfy thls work, computatlon

sheets based on the equations were deveLoped. Examples of

these are shown tn Flgs, 74, 75 and 76 whloh aLso show a

eomplete test eomputed

He a t B g 1 a.nc % qpd., gt p, .chJrng-eJll !h. E]g.c*!.*l q,H-e, g-t gg

Equatlons (6) through (15) nene used ln computtng the

results of aLL heat tests cond.ucted. usLng the electrlc heaters

as a source of heat. To slmpllfy thls work, the computatlon

sheete used fon the space heater tests llere modlfled. Exa,m-

ples of these ar.e shovn tn Flgs. ?7 and. 78 whlch also show

a conpJ.ete test computed.

Fuel Consygptlop for f;peclflc 31r Changes

Equatlon (fe1 was used 1n convertlng the fueL con-

sunptlon for an observed a1r change to the quantlty re-
qulned fon a speclflc aln change.

For example, &t an outslde temperature of -20oF, vlth
natural elr.culatlon of warm aln within the hut and changlng

the alr 1.43 tlmes per houn, fabl"e ]. shovs that 3'88 pound's

of fuel per hour were requtred, 101240 oublc feet of ventl-

Latlon a1r" passed thr.ough the bulLding per hour of vhlch

3,153 cublc feet passed. thr.ough the ventll"ators taklng a

totaL of 4,583 Btuts of heat vlth 1t. To determlne the

quantlty of fuel regulred to support ono alr change per houn,
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7 r]-60 cublc feet of a!r, the

substltuted 1n equatlon (f01

data found tn TabLe 1 was

as follows:

F.C,C = 3.BB -
10240

: 3.88 - 0.25

r 3 ,63 pound.s pen holne

To check the resuLts of thls questlon, curves, plottlng

fUeL consUttptton agalnst aln changes, 'were const:ructed fof'

aLl the tests eonducted at a g1-ven outside temperature and

the fuel requLred for a speclflc alr change scaLed. Flg, 79

lllustrates the curves constnueted for an outsLde temperaturoe

of -AOoF. $callng the fuel requlred to support one alr'

change pen houn'vlth natural clrcuJ.atlon of war"u ali glvee

3,63 pourids ,pen hout . This resuLt checke that obtaLned ln

the conputed. example above.

De 1 tnpil9.1gg*o{- $.q g. t- *opS.e s, { E- gJgg lll} g:tr,r theneeS

Equatlons,(t6) through (aO) vere used to dellneate the

hdat Losses:fdr' a'speclflc alr change.

For exa,nP}g, to determlne the losses for one alt' change

per hoUr', 7160 cublc feet of ventllatlon aLtt, with natural'

ci.reuLatlon of ' the lrarm alr at -2OoF the test glvlng 1.43

a1f changes per hour'ws,g used. From the example above 3.53

pounds of, fuel pen hour was lrequlred and fable L sho11rs that

a tempenatute dlfference between the avers,ge lnstrde alr and

outslde alr ef 89oF was observed, Whlle the venbllatorE uere

passlng.Jr153 cublc feet of afu Fo1. hour and removing tl'583

1q7
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Bturs of heat wLth 1t.. Flg, 3T shows that a heat,transuls-
slon coefflclent (u) of 0.,L29 for the hut as a vlrole was

establlshed. substltutlng 'this lnformabion ln the equatlons

flnds the:

Heal_lnpuJ = Qs,C

Qs,c = 3.63 x t8t6o (tT)

= 55get Btu's per hour..

Iieat-lgs.g . .tJrgoueh_,q rfuqLufq = Qtec

, Qn*,c = 89 x o.!29 x 2989 (fA)
: 34317 Bturs per hour.

He!.t loss througfr ventllatlon aLr ! Q*,n^-V.illJ

^ = G6o--2*583trc 3ti3 (19)

= 10400 Btuts pen hour.

Hea! loss thrgu€ah conbustion ait = eCaC

acac=659et (:4:rz+i-o4oo) (ao)

: AIA04 Bturs per houn.
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rsMPERArrl4E prssrBuTrqu

Table 5 1s lncluded. to show the average temperatures

obtalned at the flve Levels Ln the llvlng quarter.s at alr
changes gneater than the unLnimums obtalned dur:lng the tests;

Inslde floor, walL and noof surface temperatures, the alr
tempenatures und.er the hut and the surface temper.ature of

the bottom of the found.atlon beam are also glven.

- 150



PHTSIOLOGICAL $TUDIE$

VentiLat f on $egulrgrneq.ts

To deternlne the ventllatlon requlrements for deslgnated

alr ohanges ln pounds per hour, establlstunent of gverage alr
densltles was maCe for the alr beLng exhausted through the

ventllators, Wlth thls d.ata voLune of alr regulr.ed per hour

for a deflnlte alr change could be converted. to pounds per

houn- From a stud.y of the temperatures of the alr belng ex-

hausted from the bulLdlng under observed conditlons, densltles

fot 1, 2 and 3 air. changes per hour were estabLlshed fon eech

outelde test temper"ature. Based. on thege densltles, the pounds

of ventllatlon requtr"ed alr per hour" for each condttlon ls
ehovn ln Table 6.

Maxl-mun Obtalnable Relatlve Humldtty

The maxlur.rm obtalnable nel.atlve humldtty vlthLn the hut

for a given set of eondltlons was based on tvo factors. The

fLr'at was the a^nount of mol.sture obtainable fr.om the outsld.e

aJ.b and the second. vas the emount of moj.sture each occupant

vould dellver..

$aturated outslde alr wouJ.d deLlver the uqaxlmum amount of
molsture and all studies $ere based on this condltlon. The

actual guanttty of molsture per pound of dry alr for each con-

dltlon studied Ls gtven 1n the foll.ovtng table:



Teuperature of Atr Molsture,Content
Pen pound of

d.ry alr
Gr

70 1L0.2815 11.820 5.58-20 1.834-40 a,559, -55 o.t 1

Ttre molsture d.elLver.ed to the al-r per hour by each nan

was based. on the assumptlon that eeeh one wou1d" glve off one

gram of molsture per uinute (8) or 92r.8 gralns per hour.

op

- r55



trblo 6.

Alr Cblagr
Pcr Eour

Ortrlilo
Tlo.

Qnntlty of Yatlletlon llr Rqul.rrd

tretunl
Cl;aulrtlan

I|lng Elcotrlorl
fenr to lld
CLrculrtlon

lo. 0u. tt. qF 1b.Ar lbrAr
I
2
3

7]..&
LUilp
?l,.fi

L5 1JO.*
f!5.fr

t632.t8

,38.tJ
glo.8rl

L632.13

I
2
3

7L6o
. rg7/.o

?JJ.A

o 575.57
8il.0.tr/

L638,-92

w.5g
gt1.Og

1641.07

I
2
3

TL&
]'.Vlt+o
2].l'8o

-2O n) ra
@.tn

151.1.0?

511.8
&o.x

Lug.6
I
2
1

TL(f.
Lmt4f.
?J/.n

_t&

45

5n.@
?99.06

1615.30

5L?.O2
Q).?6

L658.26

I
2
3

TL(o
LO710
21+m

536.28
8ll.g4

L636.78

553.17
8)5.50

1681.88



APPENp J( D

$tructural, $dogpaoy Tesj !ats.

Tabtre 7. psglss:tlon of Floor. Panels at Varlous: Outsld.e
Teurpenatureg,

TabLe 8. Deflectlon of Tnansverse Bdans at Outglde
Tenpenatures frorn foo to -40oF.

Table p. Deflectlon of Rldge Beams at Outslde Temperra.-
tureg from 70o to -4ooF,

Tabl,e L0,,Defleetlon of Roof Panels at Outstrde Tenpera-
tunes fron fOo to -4OoF.

TabLe 11".Deflectlon of Tnansverse Beans, Rldge Beauosr.
and Roof Panels at an 0utslde llemperature
of -65or.
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