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CTMWMg ARB Htm 

H 

raaiB AKT> mg rfAVm tor 

by Ralph Ram n1 tmA K«mi«th TAnall2 

1 2 0«»» ot la* in th* Ayotl» 

ftm MOBt inpoPtaat an« of both fit» too un« fri* wat«r leo 

ln thn Arctic, ln th* fro««* add In th* mat, han b*»K in aid 

cf trnnaportntiOB. fh* most fnmoas .lo’imajra of nuftH omlorsro 

nn i’enry, MooMillM and othsr» w*r* aado over fro*«n *««, on 

foot or with alsd^a and do« tow*. In winy Arctlo aroas frossn 

rlvoro, Ink«* and bays ars regularly «sod for wlnt»r trairol 

botuosn Inn« points, fronuontly shortening distances by w*ny tinos 

o»«r thon« roRnlrsd for overland travel. Ico askes possible tb® 

oasnsge in wlntor of trnctor-drsjm «upnly trains ovsr water bodt»«, 

swnnns and bo«* which In other tines of the yeer would be tonassoble. 

Tven milroads have beso oonstmntffd on flootln« lee. the 

Husslnne heve be« portloulorly p-»rslst«t la d»»velopln« this type 

of eonstraetlon. A mllrosA line was. for example, constructed on 

ths Ice of Lake Tadoga In the «1««* of Imlngrsd in World «Mat II, 

sttppleenmtin« meter truck supply routes also iold out over toe. 

the value of Ice In aitlstlnf ndlltaTy op«ratlone by provldln* 

r^rsFT^nõíisT^õããSít^ 
^gland mvislon. Corps of «nsinsers, U. 0. Army, Boston, Maas. 

2 Tintinear, Soils, Foundation A Frost Offsets laboratory. Hew 
ibiglanA tHvlaloa, Corps of ftwrlnesra» U. B. Army, Boston, Maas. 
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ri»Utivttl]r m«y nmas of oro«*!*« rlror«, Uk«a, «wmr|>« «dA 

o«i«r mtw arma la obvtou«!*- ▼«ry largo 1» Arctie arma. 

Thw ta» of tho Arotia providas » «wrfwio to aopport floating 

waafâior and aolmtlflo stattOKO» o notnblo ajtuwpl# of whioh was 

th« Kuasian I»«p«nla tBpolltlon whloh was oatm^llahod on the la* 

at th» North ?olo la Mar 195T and for naavlv n ymr içr«Alnaily 

drifted amthmoM, until renovad fron the loo at n point off 

the ooast of Swat tireanland in Tehruery 1938« 

Tarions paaatMlltiev for inoreftain« the atraatwel usefalnesa 

of in* reaain to he eacplored. A «tart ves mede in thin direction 

darin* World K«r ï! in an ionrestigntlon tmrried oat hy Onnadlan 

and Britiah Inveattgetor» (7)*. The ohjest wu» to deviae a weans 

of constructing floating airdromes of ice, vhich would bay« critical 

aaterinla required in other nethod* of creating Innding facilities. 

The suco««»ful nroseoutinn of the war In 'Jarope resulted in Kbenfton- 

»«nt of the project* hut not before it had been found that by 

weans of en admirtare of »boat 14 per omit wood pulp the cowpreaelre 

strength of lee could he increased to 1100 nal mad its tensile 

strength to 700 pel. Other weans for aalng ice for various 

structural purposes have been su^eotad but have received little 

or no actual trial. 

To* serves as a water esr-ply souro* la the Arctic. Tn none 

locatione, etirface water source* beoowe so csownletely froten in the 

winter that the only ■orwotiaal eource of water 1* frpw the aeltlng 

* ***** *° th* »He end of 
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of Ífl# or «now, to k»U w»t«r at«««, froth v«ior lo otoOalnablo 

hy nwltin« olfl ooo looi in UMor, »oltlnR of «hl« loo for»« poolo 

of fro A w»«er on tb# narfnca of the ioo. 

II « ^troiwtth Propartie« of leo 

Oonoml Ctuinatorlitle» of leo - loo nwy ho Aaeorlhod m * 

highly vincou* wi««ri*l boring ohamoterlstios of * nolld. Varlam 

obnorvor« havo nrwrted th*« the ran/te of *tr«»e mgnlttnl«within 

which io* 1« truly ola*tlo l* oui to onall. Although It fwieturoo 

like a brittle aatwlnl under broakiiwî lond», ioo will flow, or 

dofora gratlunlly, under non-failure loaflo, the rate of deformtton 

under * giren »tro*« being higher nt higher twimoratur««. Ihtdor 

favorable condition» for drformtlon nny be nuito ranid. 

Toe will aleo »Olt under preeaurej the effect 1« most pronounced 

with ice température at 320^• fhe nresoure required to oaune 

molting 1 no rea *#* very rapidly with only a «mall drop in tempera¬ 

ture below 32°ï\ 

It will be apparent from these lee char noter! otic« that It 

is not «any to axpre«« the action of lot under »tree* by one or 

two «imple figure«, for a »atari al ouch as a tael, working «tree««« 

way very eently and eoonrately bo «établished la relation to it« 

yield point, for la$ the yield point 1« somewhat ebecure, and to 

apparently below prectlonl working etreeaeei ae yet, the only 

really ueefnl orientation point on the etreee-otrain curve lo the 
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f«Utar« point, mm « «tool straolure 1« A«»!«*«!, Mtorinl of 

sir« oUßrnotori.tio» I# «poclfioA with mmrmtse thnt th» «otu«I 

«tool stood will wjr m Inoienlfloont aaeoat trom ttuc mbtumA 

proportloo. With loo, how«r*r, tho Mtorinl whloh notar» hAB 

fotwod munt ho a*«d, mé I to «troasth will vnry oonaidorohly, 

ln MiaorAoaoo »dth tho ohnnoo wnrintlono of tho « «Terni «trength- 

inflMMilnc faotorn larolTod. «ron ónices of nrtifleinl too 

■umafooturoA «nonrontlp an<*or lAentionl oondltion« ehow tía» 

sproodo of romito. 

Pghll«hod Toot Hoanlf « Hun««« of «ora» iso etrmgth ronalto 

oro tòowa in ínhlo 1*. tho«o resalta rerrenent testa ander n 

wide Tnrioty of teat Methods and condition» on nnngr tjrpee of 

lo* (inelodinx artifloial ioo) end on epeolnena of « wide run«» 

of ohepen end sisea. Most of the figuren ore iadlridoal mxlnun 

or Mini non tent Tnlnon reported, by the taurioan inveetigotorc. 

fohle 1 

íiitasoe of lo» Strength toot Rtaaltg 

fypo Tent TnltMn Roportod, pal 

TO to 1800 

36 to 223 

44 to 311 

6« to 353 

Coatr»oaelTo Strength 

fonallo Strength 

*1 orare stronftH 

Sheer strength 

lîxoept for wtriwBth» of »ingle crystal», the nitdmm mlue» of the 

• mnoipnily ¿^.“referenoee <3>, (h). (5) ^ (6) mndTro* 
originel Amt». 
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iO»¥a TiuxKM ■should «otunlljr »ooronrih ■mn», oorrunpondlnft to tho 

eondltlon *h« lo» I* rottt>« or oundl«* and lo «Alo to «apport 

virtually no loud. Pnoolbly th* oowpro»«lr« su'ongth voluoo 

Hhov th# RrootoNt r»«tt«# In port feOMMM iwrt Inveoti/tntor« Karo 

uood this rolatlroly «MT toot thnn. tho oth«r typo«. 

^ffoot >f tntro-Oryotal H trie tur# of loo - Mhoa un le# 

ah««t lo formo* on th« «urfmoo of « body of frooh wntor, th« 

too aryotnlo form with th#tr ostte #xes rortloal» thnt 1«, 

with tholr ha#Al nliut«# horlscmtnl, #n* «row downword with th# 

a**#* to* hitvlng Its hi»«*l olnn*« nino pároli#1 with tho loo 

surfno#. This influmic#« th# or«r-#ll «truth #tno«, «« r#> 

port#A h3r WoOoim#! fron hi* ntady of th® wny loo yi#ld# to ntr##«#«, 

th# tndlvicta*! oryatnl baíinv«# na if it constat# of on Infinit« 

nunbor of lnA«ftnltolr thin «h«ot« of pnwor, normd to tho aptl« 

nxts, fast#««* toj?#th#r with aono risco us substiuio# which allow« 

on# to «lid# eror th« n«xt with ßtomt «iffioultyt th« «hoots 

"offor no ratlstono« to bandín«, bat uttorly rofu## to stratoh 

•xoopt* of oonr##, alaattonUy'' (10). Tnu*, on baol« of th# 

etmotur# within th# Indlridual to* oryatnl# thmaolr##, an* 

amrt fro* oth#r «tmotntral Aaraoinrlttla«, tho pronartl«# of 

to# *#t«ri«ln#d fro* touts nay b# wm#ct#d to mry according to 

th* dtraotlon of orinntatlon of th# «poll«* stress*« b«tw*#n th# 

horitonta! and vertical, relativ« to th« original surface of 

naturally forma* io«. 

1 I 

littü éMMÉMMHIMMMIíIM . iUlM ..i.im hin".Hi 
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MËEM& j| IiBpatili*» la Iw - msrno* of »«anilvtly «mtU 

««MWDil« of At«BolT«a ov B»«Ti«a«4 oattor in WBt«p Itatwlly i>«a«lte 

itt le* '»ht oh 1* woRki* snáfor whleh álartetmN* mr* rMdtly unAm* 

th* «ff«et* of wawwi? %aam*mtixr*9 Md 

In «qr WÂtup V>«jr found ln n«*tuf#, lh*r* «AU h« found nom* 

dl*«olt«A ninornl» *»4 o«h*r ImpurtM**. Hm veHV at on* ox trono 

I* an nbrlcu« hat otm th« otoaroit natural frooh vntor 

body 1* not without impurltt*«. Mh«u «aoh ico crystal fomi, It 

l«nd« to r*4**t th*na iapurtfci*», which thon forra a layer of 

«onowtratod IvpwrttlM «bout th* crystal. Whan adjoining crystals 

■*•«, th* lapnriti** fora a lam h*tw**n th* aryathls which haa a 

low*r aclting than that of th* crystal* thon*«lv*9. ms raay 

tr*atly affect th* physical prop*rti*o of th* lea av«a thon# th* 

•aanat of th* iraourlti** Is wary sanllo Halting will always ha«in 

at th«a* houndaria* between th* tee crystals and at a lover 

twsperntnr* than 32nir. Hreoh water lo* bocones rot tan aa thawing, 

starting at «ta inner crystal boundaries, swearotee th» ios into 

««parat* noodles or columns. This loo is said to bo 'audio**. 

fhut, as a rosult of this orystal strueturo in bulk, th* physical 

proporti«!* of loo «ay Tary widoly, esnaoially when Us tcrniiarnturo 

is soar the mating point, d*o«mdtng on tho amount of «-jpnritios 

In tho loo, the tormorature, the age of th* to*, and tha length of 

tin* that n«ar-fra**lng tarapwraturee bar* porslstod. 

* Additions of considerable amounts of such Materials as wood 
pulp ar* reported, however, canablo of increasing strength, as 
noted previonoly, «um! also «y sorra to slew rod ting (7), 

6 



ï» formation of «mi leo, th» «ffMl of tha »alt contant la» 

of lourfco, T«iy mronounoad. ?r«*«ing of tha vatar nortlon« Ooaa 

not h««in until a t«w>«r»tur» of 3f5.C»°¥, lo ranchad in n—fl 

n»« Matar nt n wülnitjr of 35 part® nor tlwuannd. íh* ntruntura 

Tiroduo®d ia Tjoroua, oontninln* wofcaí» of hrine from ahioli «olid 

n«lt ai?®tnl# l>o«in to prooini tata «han «ha ia» onal« to ithout 

17'V. (9). The» atmotura mid, oonawinantly, tit* •transth pronartla» 

of BOS ica inorara (çmdaaUjr, with tino, «a th» oonaantratoA hrtr.» 

arnin® ruMi m tho anlinUr of tha loa oonooouantly hoooma® 

'rartually levar. HavXy formad unit vntor ioa of ralatiraly high 

nr!Unity is floxibla ana alantlo. ns conyinrod to loa formad on 

fraah votar hoSla», (whioh la charnatarlatioally brtttla), and 

it loan not candía, lait vator io« nora than ona year old 1« 

rnuoh toufihar and «troncar than young saa in*, hut It« anrfoaa 1» 

meh more litaly to h* rough, ft i* rajjorted that vhtn eld s*a 

ioa haoomaa «afflaiantly nodlfiad no that it ariproaohaa tha com- 

position of fraah vatar ioa, it too vill oandla. 

»rom Russian data, young son le« recuiras about l-ü/3 tima« 

tha thledenasn of old ««a io« to oarry 'tha satM load, but this 

rule is Tory <t«ner*li*«d, taka lea is nsnalXy asaumad » to J 

timaa strong«* than son tea, although its brlttlonase do«« not 

Tjamlt it to o»und an Httoh bonding vi thont oraoking. Rirar ioa 

1» ganarally »««amad not atrita an strong as Inka io«. 

Any entrapped «attar »«oh as «Ht, clay or plankton ,3) 

T 
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tanA« to wanken ta« im th« warmer perl oda ttaomane it nbaoi%« 

miar mälmtion and tmd« to sana* Intanul maXtln« banaime of 

the heat produced therehjr. 

Ion oontnininff awßh «atrapped «ir tende to he ventear than 

oient eer*«wtl«lly «ir-fren loe. ?e»t« by the doll«. Foundation 

and frost Wffeot* laboratory* in J.9IWÍ-U7 on 6 x 6 x 18-inoh 

beams of nrfcifioial loe showed nbout 12 per cent rnduetton in 

flexurnl strength on benna out from cloudy loo aanufactured from 

ordinary tap water, an comp» jd with beam« cut fro* clear «ir-freo 

lee, fest» were Performed at 10n to 13^. 

Weeta of Unrtaental .‘Urailfleation In lee - the »trangth 

of lee may be eff «otad by derelopmeot of horieontal leplnee of 

variable prooertiee. One type of horiaontml ntratifloatlon 

dawelopment 1« that vhleh oaenre in eoastnl are«« where river end 

stream inflows and tidal effect* omtno variations in the ««Unity 

of ths voter durin«! the toe -formation period. An Influx of 

relatively fresh wat« under the ice surf see win result In rapid 

freestng to this eurfaoe, which mny have cooled to as low as 

2d.6°f. whan normal salt water vm present under the lee, fhe 

eau« effect occur» in the Polar Mu during the oumner thaw periods 

when melt water from the earfsoe sinks down through hole* and 

frente* on to the odd undsr-surfaae of the tea pack, dtmtlfl cation 

* The Soils, foundation and Frost affects laboratory of the lev. 
IflttfMi !Hvision, dorps of Mnginaers, 0. s. Army, has eerried out 
tnve«ti*ational work on *now end lee for the Airfields »ranch, 
lingineering hivieion, tiffioe of Chief of Bnginoera, îleportnent 
of the Army, Washington, I). 0. 



ln th* wart of tho too »hoot, what* oritlofrt tonsil« «tro«««» ooemr 

vhori tho Io« lo loa««fl, moer b# «xwootod to h*»« far «r«at«r «ffoot on 

th« oTor-oll bonrlng ««rneity thon laadnntlotio i^iieh Awrolop in läi« 

opwor half of tho shoot. 

ta th« Twlar io« waolr nuoh loa« r#*pl«r hortjwntal «trnotur« 

Inyartn« oecura wh*n wreosuro connoo roftln« and buoklln« of th« iao 

«host, 

yffoot of Yartlool Cradc» • Cracldnc of th« io« tjioot niulwr th« 

effoct of tonroratiir« *tr«*«»s rorwlt« in a patt#» of ror Moni d«f«at« 

or diacantlnuitiOB «íiatrlbutad or«sr the io» sheet. 1h««« do not 

ordinarily extend nor« than part way throutfh tita Aiwth of th« lo». 

Althoaßh they «r« contpicaou» in th« unpnr «arfne« of th» sh««t «t 

low teisp«ratar** and nay b» readily rloualisod a« a ponsihl« enn*« 

of woahn««a, »tatle load t«ate hy th« Soll«, fonndatlon and IVoat 

Hffaot« laboratory in 19*17 r«^ atorad ««».«ntlally no oba«rrablo «ffaot 

of «ich oraok» on th* btarinit eanaolty or fallor* action of th« le« awäer 

a load. Oraok* formad by th* load show «d reiy llttl* tandmoy to follow 

th* «Kiatin« partiel «rank«. îlow*r«r, thon* t**ta iawlrad only oln*l* 

load anplinotions, and it la reportad that nndsr h«ary trafflo t«n- 

•oaratnr* oraok« do har« an «ffaot to raduo* th« load b«*rln« oanaolty 

of th« io« sh«*t. •'irook« whteh for» from tha aurfaoe downward will 

t««A to bwsom« nroRreaairoly daapar andar tha *ff*«t of trafflo. 

ornnk» wltioh paaa all th« wny throußh th« ic« ahaat ««rloaaly lowar 

tha load «aoaait? and ara «anaoially ha*ardous if they ooeur under a 
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■now Munk«», «« «h» «now «Ar dolny thsAp r»fr«8*lng «nÄ MÄ* thorn 

fWBB n«w. Crook« which form on. «ho lowor aurfoce of tho ioo ahoat 

fltto to IoaAIbc toad to ho aolf-hoollnc If th» lo» t»w>»rntura la holow 

fr*o«ia«, aa thajr become Irietmutl? filled with water mroTlded, of 

oonrae, the land le not an <5r«at ft» to coaao brenk-thronfh* 

Tanporfttnr» atirlng Toe forwatloo » when loo for«« very wtdly 

Bt extreiaely low tflwneratnr»« there la lean owortunlty for dlanornlon 

of th» Inrnttitle« which nre ro.ieoted by the loe orKainla. Voua« 

aen lee foraeit at l4°r. he« entrene« about 5 parta wer 1000 »alt, 

hut that for»*« at -ho0**» hen 10 to IS part* per 1000. TOffereno*« 

In atmoture (und eonswnently of atrenffith) of the loe wonlt* b« 

expected to renaît fron ««oh difference« In netnal vola»« of Included 

natter and the wanner of It« inolmlon. It nay hn noted that the nor« 

concentrated brine -lurroundlní» the freetin« aryatalis durlne fest 

free«!nc would tend to Onueo formtlon of the Individníú loe oryotale 

at atlll lower teerorature« then In ordinary sea water, with poatiible 

effects upon the ice properties. 

i-eel dual atreaaea - Internal « tress»-» In leo «reel wen* due to 

unadjusted term «rature effects, to »treene» Intro duead in obtaining 

and preparing teat apeel»one, or to externei loadln^n of the Ice «heel 

are «usneeted to ha In port reopontlbl* for voriability of renorted 

teat renulta. 

tffeat of P wap er ature durlna ?«at - Tewperoture ha« a rery 

pronounced effect opon th* «tren«th propertiee of toe, as shown 

in Table S. 
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Temperaturo 
fir „ 

28 to 30 
14 to 16 

28 to 30 
I4 to 16 

-l 

j 

-10° to 
300 

(tempera¬ 
ture 
effect 
found 
negligi¬ 
ble)* 

Effect of Temperature 

Strength Test Result«, pal 
Compressicn Flexure(Shear 

300 
693 
797 

Teats with load applied 
parallel to eryatal 
axes have been deleted. 

Direction of 
in Relation to 

Crystal Optic Axe« 

Perpendicular 

220 
252 
3¾ 
39U 
usó 
506 
582+ 
615 
665 
691; 
725 
779 

156 
21+0 

Porpondioular 
¿1 

iQh 
211+ 

Parallel * 

* 
ioa. 1+1" «P«, 
load« appllad at 
II+" from «up- 
port«. Strass 
oraasad in 

* 

Essentially 
Parallel * ** 

_ 

íoa 
inoroas 
«tant r 
tireon 1.9 
p«i/«eo. 

Parallel * Artificial 

115 
If' 

failed in one 
three minute«. 

Parallel. (Normal 
to the natural ioe 
surface}. 

5 cm. ouhe« of 
ffeah mater ioe. 
Lower platten 
moved at con¬ 
stant rate of 0*1 
xaa/aao. Yield of 
upper load-meai 
ing platten 
unknown. 

Parallel 

Perpendicular 

jo. 

3" X 3W «quara 
cross-section 
blooke of river 
ioe loaded in 
double «hear in 
direction of a 
diagonal. No 
numerical vap- 
quoted for lo 
Ing rate. 

* In flexure tests, directicne of tensile stresses from whioh failure develops 
actually at right angles to direction of loading. 

** Some curvature of crystal structure existed because ice was frosen in 
side toward center, but this was minimized so far ae possible in cutting out 

bNlM tóiWis$bl!ä4ß»l#il1 
II 
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Vitabtn «art llhunrtrtkov oonclurt« ira» «««t r«goUo( «howa 

in VaU* a, «h*t th« «▼«•««« «oayvwMlT* «trmwth of ln« inormw»« 

mrm Ihnn four- «la«« as th« t«w»«r*tar« doerdaor-i to •Tô®?» {is), 

Th« Abte on ohanga t»t fl«m?<a «*r«n«th with t*wpor«ttir* «Iso «how« 

an inoraaae with «jfojs ln t#i»«imt«r«, though not o» rapid «« for 

ooBpr««*tw« itrangth. Flnlnyaon fotmrt timt towpomur« ha« rtry 

llttl* If any «ffaot on th« strength of lo« ln shitnr (6), vhloh 1« 

ln agr««a«nt with th« roonlt« of Hor«th «ad Wllaon given ln ?«bl« 2 

•hove. Under « given rute of inore««« ©f «trena, the rat* of 

rt «fon» ti on of th* epMllHm rlae« (while the til timte etrength 

Arop«) with «un Inore«** In tee teapwetures th«*, lo«, noting like 

» hlirtily vi«eotts wnterinl, flew« nor* renrtlly at hi#*r tewfterntnireB. 

WÜSàjSJâSSt of TonAing on strength T«»t* - There «ppenr« 

to have been relatively little nrnotle«! inveetlgation to Aeterwine 

the proper rates of lend anpliontion for one in oorrelatiiy; t»»t 

value* with the load supporting capnolty of lee* Soae investigator« 

h*v* found lo# strength resolte to be negligibly deneartent on the 

rate of loading} other« hav« found « mrfced effect. In sow* onsea 

the rtlfferenoe« wir be due to th* foot that the earn ranges of rate 

of loading war# not investi«atad. 

$ff»at of OrlentAtlon of Test loeolnen - dine* the bending 

Btrosses which «et in nn io* sheet under load and which control in 

part the bearing owraolty of the lee (the other factor being 

buoyaney) net in a direction parallel to th* ice surface, analysée 

of bearing capacity should, theoretically at least, depend on test* 

IS 

....... ikiUtMU, kUuaüiu ÉÉÉHMi 



* 

in wHlßh «ptaiBidAB «r» *fcr»»®«î with th«tr Myttal ax»* ao »a to 

tak« this lato aooowit. ypaotionUy, tht» offop» dimoultl**, 

and if ths híwrlnií o«r*«olty oí thlítfc le« 1« lo b* Astsmlnsd fron 

teat# on eon»» r«oov««A fron faorlrwto into th* le«# It «Ul nrahnhly 

ho nooossofy to «ntnbllsh «n etmirlool rnlatlonship h«tw»on atrorwtthn 

nornll«! to iin4 «i rlgiit wvîloo to th» swrfwi« of th« 1«« 

St a« (Wifl Pü.nwrtlona of T»»t Spsolwons - A« In t*»kiins 

oonerote or aoUs, th« nia» «ad nrenorttonn of toot «n«cl*«<« ««r 

h* omise tod to 1 nil «»«nee the roonlta of t«sto on le». OwMIaly 

« tost on » annll portion of » siftflA* “««•dl«'* wonlft not sir» the 

said* results as » tost on « eolleotion of fall length "nooftls»1*# 

What tho Minimum doslrablo sis« of «pwl—I sho'tld bo would ho 

ownaatod to vsuy with th* typo and condition of leo. Howorer, ther* 

«•«ws to her« h««n Uttl« prednetlr« st«»ly glrwn to thin pirns* of 1«« 

tasting as y«t. 

HI » load B»«rlni{ Pepeeltr of Io# 

lioeordo of Aotual Io« toadlnga - Rsoorts of the Innamorabl*, 

and In winy nr«*« r««al«r, aotasl lo« eronslngs which hnro h««s» *«l* 

with motor r«hlel*s. trnotors, sl«ds, r«llro*4 train*, *te. nehmet 

to h* a rather neager soere? of Ant* on th« sumortlng oanaatty of 

loo, for ■«rant runaons. nr*t, * m such erossing* haw* b«B«n mrd«, 

thorn apponrs to have only rarely h««n sny attanot to r«eord th* 

13 



.... 

aaittMl »anälttonii of %hi erootlns, auch »», io» Ihlokno«» «nt 

qunlitr, w«l$ht nf iMOhln«, ul«« mtd *h«n« of looAot 

aro», 7>r»a«na« at «mow ooT«r, «to. ïooontly, '<hoa such nnnirrntion» 

haro a«an tatdt, thw hsv« Wen innonploi* otnao «Il Üi» factura 

involwA my not hnv« boon rooofinltaá. fhlrd, thoro »own« to haw 

boon li tilo lnt«r»»t in maki tu; «Mil rooort« »mmfally nvailnbl* in 

nn1>lio»tton*. ml«« Hot* bo«m A«volot»oÄ on ba«in of 

<urn«rl«noa with 8W)«»iB«fif but it 1» fllffioult to tr».c« th«o« back to 

origtnnX rooort». 

K1 Btortawl Military nulo» - Thor» nr» a nawbor of olfl mla« 

rolntln« to th* lend bonrln/; anpnalty of to« which m*tly Koto 

th*lT origin in rAlttnry on/rinoorin* imíl «r» th* r#tmlt of obumrv»- 

tlon nnt «wcowlono« in th« mowcHont nf troonn, «QUinumt and »unipliea 

namoa f»o*«n bodi«« of fr*«h wntor* Thi* dat» in f«bi« 3 i*r« a 

nod«mi *«d and Imoroimd voralon of th««» ml*at 



mil 

IjOftA OttpagtHy ot lue 

înad 

sliMgl« rifiimn on »Hiß or mow«liooK ♦ • 

l’hioâcni»*» 
of le» 

Inehna 

f ini mm 
Tnttfiml 

VM\ 

1-1/3 16 

Tnfantey In olngle file, 3-ntte* íiotimce .... 3 23 

Infantry column» irtngl« hör**«» wotorcycla«, 
onlonAnd «Ioda or notor toboKgwn« 

illußl* ll^ht ar till ary pi*o«,lA-ton truel:, 
U X H .. 

Ilfíht artillery, rmasojvçor enro, 'a*liu» 
l-l/?-ton truck« with total load of 
5-1/2 ton* »...... 

4 

6 

8 

33 

49 

6? 

3-1/2-ton trucks, lt«ht load*.. 

OlosoA column* of nil arm* *xo»pt *rmr*4 
foro* and hoary *rtlll*ry.... 

Ansrrfld soout cars» li^ht tanh« . 

,10-ton vdhlelai  .*.. 

10 

13 

14 

16 

88 

98 

119 

131 

4«s-ton ir«hlol*i 84 16>» 

Poore«} ’•Operation« in Snow and "Dttrene (leid’1, U. 8. Amy fl*«io 
Vi*ld Hanual FM 70-15» r.«farme# (1). 

Th# ahora rul*s ahould be oon*td#r#d to ariply to fr*ih watar ic* 

of good color and soundn**«» away fron un«up-ort*d •d-':#». Th# thioJt- 

neits neasurmenta nhould Atar*öard any «oft or peer «tunlity le# on 

the top or bottoa of th# lc* h)i«9t. 

Moekatyr*# %ipirle«l H«thod - i!o<ikator (11) ha* girm a 

proeadur# for d#t*ralnin« r*auir#d io* thlokn#*«#« for aircraft 
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Ofi ski* triiloh ha Balls th# ^Method of Analogy1*« 7on>mlas darivad 

>y this method are given In íábl# k. fhe laelc fórmalas for 

alroraft on skis have been adapted to the ease of wheels by use 

of a factor of aO per cent, whidh is used by the Russians. 

fable 4 

Minimus Regulred Ice thickness In Inches 

fype of Ice Aircraft on Skis Aircraft on Wheels 

lake Ice 

River Ice 

Old Sea lee 

Toung eea Ice 

t-fvfp- 

t«^ 

t « jrp-\/P~ 

t«^VF" 

* - ! v'»' 

t * 1 \nr 

* » § x/ÿ- 

Sources "Airplane landings on Ice", by K. A. Moskatov. Reference (ll). 

P is th# gross weight of aircraft in ton« and t is the ice thickness 

in inches. The formulas are said to apply only for ice formed and 

maintained at a tee?«Tatar* below l6°y. At higher temperatures 

25 per cent greater thickness is required. 

The above formulas are simple and they indicate that the 

carrying capacity of the ic# varies as the square of the ice thick¬ 

ness! this is confirmed approximately by elastic theory analysis. 

Design curves from th# above formulae aro shown on Plates 
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So#. 1 «nd ? vh#r* «MOT At*l®n<»t«3i w« (Sotkatov) 

3»pSrie*l Aiudytl«*. 

gaiitlo Th«ory toalyat» - If a «tatloiwwiy lo«* t# fincad 

wpon ihn «nrfrto# cf a flMtiat 1«* A«*t which Idaadl cuit to » 

Invff« Alstnno* on *11 ni do# fren th« loud, » dafomntlon of th* 

lc* »hoot occur* which 1« » nuodnin unA«r th* 1«*<!*A *rna *uA which 

*xt«nd* outward In nil dlractions, dooronnlnc in amplitud» with 

Ain tance froa the canten*. When the defcrmtlon ocoor*, « hooynntçr 

force 1* caused to act upward on th* hotton of th® lee ahwt. »la 

foro* l* at any point diraetly proportional to the deflection at 

that point am long a* the lot doe* not heoom* auhmwrged, with water 

flooding on top. At the nan* tine, th* handing strength within the 

la* «heat ttnwlf 1* nohilleed. Th* buoyancy and handing reel«tanca 

forca* combla* to provid* «ha total aupportlng foro* for th* 

^rolled load.* Sino# under ntatlc loading «ha buoyant foro* of 

the under lying water at any point not* In «cant proportion to tha 

awnunt of deflection of th* 1®* ah act at that point, th* latter my 

be pawned to her* n p*rf*ctly *la*Mo «apport. If we my also 

R«t»un* tha 1«* nh**t ha* proparti** aporortnatlng those of an 

elastic »ln», than th* theories of •lantioity my b* applied to 

comute Rtreesas and daforsatlon* in th* to« *h»#t and to 

determine thtekneta*« required for given condition* of loading. 

• Whan, an my o«««r 'aloaf' a ahora line, the w*^ l'^(rpa''ll>£ni¡f 
from under the lo# leaving It •us?«nd*d, the loa sheet will 
have at that location greatly roduoed load smyportlng oanaolty. 



% 

U point«d out V Tolkov (IJ), »utto londtn« of flontln« loo 

l* «oro oirtttool thon lny>net looAlne. lh»d«r on ingoaot foreo, thn 

Id* tt «IWBííy ooaopooooÄ hotwoon tti# noplioA loo! mé tho wilttr 

Ijrlnt wntort In op4«p to AwroJop hondlag ntrooitoo, « doflnlt* volttno 

of w*t«r mol b# Aloploo«« fro» andar tho loo, noor tho aro« ©f load 

«npXlentlon, wnA andar « «herply appltod load tho tino r«<iatrod f©r 

«M* morono&t tr. oemir 1« inoufflolont, Shoarïn« notion lg aounlly 

not er!Hanl. Tftcporlonoo hu nhown that thin ico n*/ b® evooeod by 

n «cwlim lend whoa a otntlonoxy lend would break through and ulna 

that thin lee nay aaatnln « atattonary loud for ao«o Uwe, then give 

avnjr» ïhna, load capacity atadlaa isay ba baaed upon tha atatlo 

loading condltien, exeapt aa it «ay ba naoaaoary to *pply nodiflcntiona 

for vwra notion undar woTlng loada and for fatiga« mid weakening 

nadar repeated fleting«. 

Vor tlie aondttlon of «latía loading, « aonriroh«n«ira 

theorottc«! nnalyalt of the bearing oopeclty of floating loa fanr 
.V 11+7 

baan- dawwlopad^by Kr. B. 9, Shan of the Soll«, foundation and front 

Sffaota laboratory by adapting to the oaae of an lea nhoet formina 

d«T«loi»ad by Dr. H. M. WattaVganrd for detominlng tho atrranea 

at the Interior portion of on elaotloolly auoyertad «lab (14), 

In thair ganoral fom, the formlaa are not adaptad to giving 

diüok answar«. However, the formlaa pemdt annlyale of a variety 

of oenbinations of loading pattarno and IntenaHteo which could not 

otherwise ba approached, «heno formina aro *« follow*« 

U 



.. mpi .pm 

R* SËÜ2SÜK Loadod Circular Arana, 

(1) Inside the area of loading! 

i = (^) ^ + 5A 
7(^) V t y ^ob 

, . _ . 0.012B2 - r2^z 
1=«,‘ - 10S.B + -¿7T l) 

/r 05 ><2 \ 
\ “t-aesi "/ 

Cos 2 0 (D 

Tho maximum stress due to an individual load will ooour under the center 

of the loaded area, at r * oj for this case, and discarding the term 
2 

Q,012B 9 which is normally negligible, the above equation reduces to 

the following useful expression* 

r / CU6517P 
1,6713 -f 3/l| log t - log 

e 0 a (la) 

(2) Outside the area of loading* 

;j |?.B79U + 3Aloget - loz0rJ 

^/0, fe -¾ ( Cos 2 0 (2) 

= n¡i.6d2 + t* - 0,675t when d <, l.ySUt 

0 » d when d ^=~ 1.72Ut 

b* ÜPifonaly Losded KUlptioel Area - Where the loading 

is uniformly distributed over an elliptioel area (or whore a uniformly 

loaded elliptical area may be reasonably assumed) the following stress 

equations apply» 
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'IB'nwWIlHTT'VH nil "UMire" irr-Tiniini'li , 

I 

In th«»# foïHMlB» th« nntutlm t* a« follow*» 

*%t f « Honfllng «tr«*B*3 ln p.t.l. nt «urfno« of lo* at 
y Tioint* a» y on eo-ortlnat« n*«s. 

p » ?ot*l npt>li«ö io»« ln iiounit*. 

X tf Thieim*»* of lo« ln Inohoa. 

« tt B*M of nnttufal lo^arltbas « 3*71Ä 

U rr Rollo of roAlun of ciroulnr nran to PoAlao of 
stoning bonrtn« plate (15 Inohe*) « o 

TT 

V « nwUol dl «tono* ln Inoho» fron oentnr of clwuliir oreo 
to point of *tr««» inTMtißotioii. 

ft « An^le between x-i«» * and line drawn between point 
of ntreeo InTentlcatlon end center of cl role. 

« » Minor roftlns of elliptical owa In Inohe*. 

b n Major radian of elliptical area In Inches. 

e « Sntostltat* radius of londed area In Inches. 

d « .lotaal radia» of loaded area In inohnn. 

a and b are ftirthw idumtlflod by the «joatlon for an *lllp*e, x_ , y „ i 
•T ^ 

o. "xaisple. *o shew the stresse# Induced by a fiO.OOO-nound 

lead, transmitted to Ice 50 Inch#* thick by a B-29 min dual wheal unit 

anaualn«r load lo distributed equally orer two circular area*. 

(1) 01 wen the fellowin« data» 

Area (for on* circular area) « 570 eq. Inches 

Radius of circle d » 10.9 Inch«* 

Pis tunca between wheel centers « 57.3 Inehee 



o « V 1.6rta + - o.675t 

P » 30.000 'pound* 

t •* 50 Inoh«« 

(a) l'íiins foma»» (1) «nd (a) for th# ons« of 

th» elroular iur«ist 

f * 37 p.ffl.i. «Hon X «« C and y * 0 

f » ad» whim X »• 37 p.n.l. nmí y * p 

io%*l f m 37 + » 63 p.x.l. 

In th« «hoir« fonwlni, th« foUnwln« oonstnnt» 

lí'««*'» mmmA* #«l««t«d fron nubil«h«d rofialt*, «nd IntanUonally 

oho««n to (st»« on th« oonsormtlx« «iA.t 

Poloaotl» Ratio for Io» « 0.>63 

^odala« of :lo«tí(jity for loo » 1,394,000 o.«,!, 

Obowrrod Vola«« of Poisson*« Ratio are ronorted v«rlou»ly fron 0,35 

to 0.3* and th« valu« adopt«* above for the coaputation 1», therefor«, 

near th« higher Unit* Str«*a~atral*i raortull hw« bew rsnorted by 

various luveatlgatora from under 70,000 to over 1,500,000 p.s.t. 

W«o»»t fletar« tents th« fJoila, foundation und Front Effeote 

laboratory shoved a tani;«nt wodxilun value of 610,000 p.e.l, on a 

single tm«rtn«n of artificial loe at 10°P. tm to a streun of about 

35 p.t.l.j near th* ultlmt« fallare stress of 313 p.s.l. th« secant 

no*ulna (related to the origin of the streee-atrain ourv«) una 

»»nroxlmntely 190,000 t>,e,i, A value of aonroxiiaately *100,000 

p.e.l, vas «leo d*t«njln«d fro* the defl«atlon of « naturally formed 
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! 
fp«(¿» untar lew sh»*t «.U inoh«« thick Sn a ;»7~foct tnnk when 

loaded at npîvcxtnntely IO0?« !B*wn hna aleo pranomted coneldnrabla 

data on effact* of tiw- erature, and of rata and vnnr,9 of lowtin«, on 

«troee-otmin ««dull (¼). vhioh indiento «aaemlir lower -raltWH thon 

tho one adopted a bore for oo®mutation of the i*iuatlen»u odueti on 

of ftaotmed value for either Poionon'e Ratio or Kodtüus of moeticitor 

In the equAtlone will result in «1 indionted incr«<vao in load 

onpaei ty. 

Oaoo tho thlcknea# of to# required for 4 filván load, al** ¿f 

nroo and factor of safety has boon determined, the thlc-mess ranaired 

for a different load on the name loaded area and with the sorae fautor 

of safety may he «mptsted from the relation that the thickness re¬ 

mit red v«rio* directly with the nouero root of the load, 

5Ü¿i*SSS3LJ&SS!lit theory Ice fhi okaees finrve* - Carves 

derived from the elastic theory oonation!» as rraaentad are shown on 

Tintes Hoe. 1 and ?. tor airoraft with wheels and dnslieiated thereon 

by Wie phraaa "tlaatlc Theory Analysis'«. 

Tho wirveo of Pinto Roo. 1 and % have been oonmuted with the 

following In* strengths, asiumed as conaervntlve velue« for lee 

ander the temperature conditions noted on the platee* 

Knr<i, sound, fresh water lake ice « 1«50 p.o.i. 

Old sea ice (over 1 year old) » 75 p.n.i, 

dint1er wirres could be computed for other types of loading*, 

such as for treutors, «lud«, aircraft with «kl«, and even structure 

a? 



focttnK«. Wo«. 1 und R «hov roaalts of n fiw MtcuU. lomiin^n 

W t?Ï«m «ad i« Th« rouuUfi »r« ma/ktä (o). 

^¾¾¾¾¾ OW 'Q.tatitt Thooify Mothod und i?hiotam«a SS£2SL “ 

Altho'VÎh «I* W*t fulmoat anwifovon, tlio olxatlo thor-ry «quation» 

Which have h*m jçiw*a nr» oon«t<lar*A th» mont «charata thnoratlaal 

ffaopoaeh »▼»tlahl». Th* con «tanta u««i ta the aquation» rw* «nb- 

J«»t to oon«td*mbl# «odifioation m mora i« lonrtiad »baut th* 

vroTnr%í»H of io». It muy ha that wantually «oro thon on» «at 

of oonatant* will hora to bo u«»d. 

for «»»nratioal analyai* purroBt« tho ioo *h»«t ha» oon- 

▼anti finally baan «»üunod to b* In oqnllibrlun and or estornai 

fore»« and unatraaitod. Thl« i« likely to bo far fron the truth 

la the upper part of the »lab. The streu« pottorn in the upper 

m»t of an unloaded ice »hoot due to tern «rature end Intarni 

forces »ust be rery eownler. That the atr«»««* nay be hi «h is 

«heim by the crackle will oh ooour» due to tesipornturc alone. 

WoTtuBately, hoverer, clnotle theory «nalyeie ai.ov» that under m 

applied rertlcul load the or Hi «el »tresses act in the lower mrtlon 

of the slab vhefe t*^«*ature r.treeses are .at n fiinimn. 

It ehmtld be mphaeised that th« ourre» oroly nt the iatoHor 

of m toe nheet: near the «%« of a ornck or open w«t«r. the iond 

«npnprtin« ooracity can b« «xpeated to be much lesa. 

It 1« alao enphnstsed that the wirre* plotted on Plate* Noe. i 

and 3 fron elastic theory ar* preltninery and «re nMMetfily 
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«vor-sii!Jj>Ufl«a. It la obvl-maly not no«#ibl<*i to adopt on* str*n*th 

vnlu« for froali wat'«* lo* n»A on® for salt w*t*r pmft expeot that «11 

io« In all latí Virios and looatlon* will conform to fttthnr on* or tho 

othor of tho«« •tanAavd* under «11 tho wtda vartoty of oondltionii 

of salinity* t*«p«rature, and other factor* vhlch will he »ncountored. 

hathar, th* curvee ore iplde® to the ar>croxlM«to onoww, hn.a«d on 

conservatlv«* strength oaauaptlou«. Vrora tlie wall «ocporlaan» 

ocqulred to dato. It la bill erad that tho curves for factor of 

safety of 3.0 reçresent airmly eafe tMeknoe* valuor. for Individual 

londiuga under the limitations etatud on the curve iiheetsi. Below 

the latter curve* Is a Son# of Ifnaertaiaty, extendin/: to below th* 

co.rves froto the husstan (’’osketov) Ftspiricel Aîîalyeis. ït 1» thie 

'/.one of Uncartnlnty which future etudiwn of tu* bonrlng oauacity of 

loo Rheetn ahould «m-lore, Threntuelly, there will probably be 

not Just two but n onnsidurable ntt«ber of curve sheetn to cover 

tho «any noastble conblnations of ice ntrangth, tetaperature, salinity. 

Intensity of use end other variablen. With such ourvea and with the 

reaults of eral oh Held tosto of the ohnraoterlstlon of the ice in 

cuestión, ualtp; test ap-aratus of tyi'«« now batlnninf; to b* 

developed, accurate nunorlonl evnluatlone shcnld be poaatbl* of th* 

load bearing caoaoity of ic*. however, for th* present, prudent 

vrocadure In orltlcol cases in to weigh together th» «mirlan! 

rule» end forrsulns, tho elestlo theory «mations and the proieitlag 

of iudf««*nt and. exnari once. 
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TSffaot» of Mgytiig - fliMalwn SnvtottgAtoira hnvn obs*rv®a 

th« p«MAbility of fro« âovAlotjmant of r*i».onAao» In wat«# 

ornatos ln lh« lo« «hoot unHiwr «ovins Ion»!# aaA h.wo nctitAÎljr 

»noountoroil conAitionn in whiifc novnrnl mad»in«n in notion mvA 

nnsnlng; w»«h othor in both Aireotionn aot nn anoh wav*» ootion that 

th# Ifflo brok# (S)* Thojr hnv« roportoA that nudt oeenrreneo h#ßom«# 

«r>#otnlijr Ann/çorou* whon th« mjhlnoo nr« t«wr«llins ot «pooft« 

oorr#ar>onAlng to tho#« of th» pronnsntion of %h« io« wavmt m»A that 

in Buch « ««•«, « ä»l«sl« vohtol« c*n proA«M suffloi »ntly strong 

rasonant vlhr«tion# to «u>M th« io« to brook, fli# Rttaniana hnv« 

pr«pnr#d rulaa for sp«oâ »oA apftoing of Vfthioloa to nvoiA thi# 

«ffoot. On io« «bout 2b inoh»« ttiiok, ovor w«t«r of tt»« rrAw of 

16 to 33 f«et dftftp, the Busniiin» hur« fouaÄ that ot «r#«n« botvoen 

3 und 9 nil«« per hour « d«tr«#olno of the io« ander the ▼«hiele 

nove« ftt the «une «peed na the ▼«hiel*. At «p*eAo «nove «bout 12 

nil*« per hoar,- wove vibration* «re foraed which «premA f«r to th« 

nid«e of the path, at ■peed« which on thi« Ink« were found to be 

19 to 2? mil«« per hour. !?lv«sr coneludert thnt on this lake initial 

irneed» of about either 19 or 25 mile» tier hour should be malntAined 

«nA that «oeede Intermediate between the«« rates should be »voided. 

Overtaking of one mohtne by another shoOlA «leo be avoided, and 

a-oaclnga between vehlele« varyinR from 200 feet to 650 feet end more 

were recommended, depending on the speed of wvement and the strength 

of the toe. ''art!otilar caution was advised near shore« where complex 

wave effects any ooour. 
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1. 

tcp«irlflrrtca iKdîôiiti»« that v«p«tHioii of loíi^^n^ un^#r «ac|#*ifliÎTii 

0T»«*tlcm* cm*** in* to bdoora® vmkmuA. VnAmr stufti 0*n«H ttoa*; n 

«íaflt^aMa proaatert !»? to i^nviñ® oafflel^nt <%vm9 or altornata 

Tm%m*i no a« to parait frmnml aSiMffat iw tvaffia fmrallln« 

oarail il tty njor crnkn wuot >3« wroldM ot all ttma«« 

Tt li nino raportad that toa will br««k «p owoh «ora raadlljr 

«»dar Tahlalai with low iroaad mtor« thntn tm<*«r thona with hi fa* 

«vpaad motor«, baomwo of t\m lîllffaroncoo In fraqttatiap and intanwity 

of vlhratlono tnmaalttad to tha loa. 
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NOTES 

Th* curvo shown art for old ««a let at turfact limptraturti btlow 
about +I6*F. At hlghtr air ttmptraturtt, Indlcattd thicknititi should bt 

(nertoMd by oppraxlmatsly 25 ptr emt for tqual faclort of toftty. At ttmptr- 
aturar near melting point curvtt should bt consldtrtd InoppUcobl*. For young 

ssa let .scanty Russian dalo Indícalas that Incrtastd thlcknsssts may bt 

rtqulrtd up to about |2/3 tlm«s thlcknsssat specif lad for old let. 

Indicated factors of saftty ors for safety against lei cracking under 
static loads oppllsd In tha Interior of on axttnslvt let sheet, at a consWer- 

oble distança from on open crock (on unhealed crack passing completely 
through lea thickness) or from open water. Data Is not al presan! ovod- 

oble for sao Ice on rafotlon between load required to produce initial crack* 
ing and load required to produce complete break-through. 

For factors of safety other than those given (1.0 and 2.0) It will be 
approximately correct to assume a design load equal to the actual load 
multiplied by the dtslred safely factor and then to use this modiflsd design 

load to obtain required ice thickness from the curve for factor of safety-1.0. 
For wheel loads at edge of an open crock or at edge of open wa*«r 

the ultimate load capacity is eitimatsd lo be approximately 1/3 to 4/10 

of the load value Indicated by the curve for factor of eafsty • 1.0. 
Design curvas are based on U.S.A.F. wheel toad data ond average 

minimum spacing between wheels. For tire pressures higher than usual for 

weight of plane,and for wheal spaclngs unusually close, greater minimum 
thicknesses will be required. 

PRELIMINARY-SUBJECT TO VERIFICATION 

BEARING CAPACITY OF OLD SEA ICE 

FOR 

AIRPLANES WITH WHEELS 
JANUARY>I9«9 

PLATE NO. I 
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NOTES 

Th# curvas shown or# lor good quality froth wot«r lak# Ice al sur¬ 
face temperatures below about +I6*F. At higher air temperatures,indicated 
thicknesses should be increased by approximately 25 per cent for equal 
factors of safety. At temperatures near melting point curves should be 
considered inapplicable. Fresh water ice should not be used after it has 
started lo candle, that is, to separate into long vertical needles. 

Approximately 12 per cent greater thickness should bo required for 
river ice than for lake ice under otherwise identical conditions. 

Indicated factors of safety are for safely against ice cracking under 
static loads applied in the interior of an extensive ice sheet, at a consid¬ 
erable distance from an open crack (o crack passing completely through 
Ice thickness) or from open water, ultimate load capacity for complete 
break-through under such interior loading condition may be found consid¬ 
erably greater than load required to produce initial crocking, if tempera¬ 
ture is considerably below freezing. 

For factors of safety other than those given (1.0 and 2.0) It will be 
approximately correct to assume a design load equal to the actual load 
multiplied by the desired safety factor and then to use this modified 
design lead to obtain required ico thickness from the curve for factor 
of safety ■ l.O. 

Far wheel loads at edge of an open crock or at edge at open water 
the ultimate load capacity is estimated to be approximately 1/3 to 4/10 
of the load value indicated by the curve for factor of safety • 1.0. 

Design curves are based on U.S.A.F. wheel load data and average 
minimum spacing between wheels. For tiro pressures higher than usual 
for weight of plane, and for wheel ipacings unusually close, greater minimum 
thicknesses will be required. 

PRELIMINARY-SUBJECT TO VERIFICATION 

BEARING CAPACITY OF 

FRESH WATER ICE FOR 

AIRPLANES WITH WHEELS 
JANUARY-1949 

PLATE NO.2 
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