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FOREWORD -

The problem of wheel and track snow interaction has besn
coverad most recently and summarlzed insofar as McGill VYehicle
MobTllty Laboratory work fFor the 1977-1978 research year is concerned,
in the two papers presented herein. These have been written for -

The Secand Infeawnational Symposium on Snow Removal

and Teg Controf Redearch,
Hanover, MNew Hampshine, May 71978,

The Canadian Sociedy for Temmain-Vehicle Systems Symposium -
ECONO-ROBILITY,
Tohronto, March 197§,

Included also 15 & paper written by the 15TVS Commitiee on Snow
Mechanics Research Coordination for -
The Sixth Internationaf Conference of the International

Speiety joh Terrain-Vehicle Systems,
Vienna, August 1978,
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by
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et
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SNW MECHANECS : MACHIKE=-SwOd |NTERACTTOA
Raypernd K. Yomg, MeGill Univeraiey b
Mazn Fumuw, Toka! Uslversley

Reapandc perforsdrce of anou e condiclioned by
the avacem wlithin which 1 la dlramssd,
boundary conditlone, snd inicial condiclove -
not @vily with reppact Lo the ptrzéass sltustion
byl #lae vith reaspeft to matélial praperciam,
ivrmaiion, and thermodynakig hiatary. The
Abcdar reslotance of woou i8 Examined alnck this
Ia coneldered to pn 8 bamic migengih propevry
of the matacial which participates fully Lu Ehe
developoane of mew ghesr reniptencsd to sppl led
ALfRypEn = auch am Ehwae ancountobdd In Dachites=
intad iatdarsction.

The ¢hing#s in the scoks and cheracter of spow
trom an unACresscd teglon can roadily be obpmived

In the stvdy of sacw perfornance on Lthe load, Typas
al ahaur Tullure in anow bowever, srd dLFELQUlL po
vhotl:eewrlzc or eveluate — Jath from &4 gualicmiive
peiog of viyw sand mlac [eom &4 quintliativa vispolac.
The Teamame abft fourd o the foce bhat soow La an
sucrgmely warisd macérlul whoss propsTiiel amd
chordttariat bus are vorr weneiclve to climptiz,
phypiographle, Cdmperature, checmcdynamlc hlavary,
and prawsurs dapaident sitosplen. Thus ot sammpls,
varlaefons Ln diffecencas In wnov propectlen amil
choractorintice arv fuwnd between Erva-line Encw

snd praicle soow, coastel a8 oppased te Alpina,
Avcelc xu spposnd bo gub-Arciic seows, mfa.

It hax wewm Botid frvm previcows wperioscrs in
many other telefed Flelde of peody ahet by
wachaaloal respodgde chatwcterisllen of any Smsewhled
aAtvrlal are dapandamt on the Intergranulsc fnter~
aet len, w.g. Tomg and Wathyntin, L1975], n t.!ut
regatd, che cedpomss charscteriptics of Anbw aro
aluv sved Lo by dapendent on che type of inter-
pronular furew. In this seade, st Ieawt four wain
eyfe of dowow, comelubine oF warlous Irueraresular
Intceictiimm can bo doitificd = Lneafldt sa gToes
mettimlob]l Fropoder tharact<TLocled afe comcermad,
Theas arga

1. Frvwh amw fwith origloal crywtal shapa).
S Gramilat mnne,

oo maeetsl=lanigy o miwosd (u Ll wapnor (0 1e) .

. Slhogerrd wiee,

. Lm tha “cutting shear” ga alwun in Flgure 1.

Thegpe typra aof erouw chenge frop ane gteby go
anobher with Lims and cpmpwraturs, Thua, for
eximple, Frash $o0w Tecomty yintafad snov with Clma,
and granglnr podd Wecoddd g peml=bondwed anow with
cemperatard aod 19 creoslarosd o winfered snow with
chme, THotsd whag chile erasaformsrlon of snow Lypa i
of Lo sccompaated by caopes [n demwicy md arein
charszeerintics of 8 Funchion of clod, t4mperecors
awd preasurs.

Taking 1ntp sccount the I0flosnce af clioatic sad
physlgraphic laccoqs, and ocher Comditlons Euch o
tlmr apd Jocel pressucad whichk will conirlbele L¥ tha
nrtmorphic procebesy of wmpv, SO Bedpbad sbvious
that for = prupes sppreciscien of snow propertlds Je
1A nAcEMEBEY Ti CucOEnizac

4. Tho probles of spproprlats snd vatisd
characcarizatlon of sgou,

b, The fmcl Ehat Lha cedpouse performance of
woarw Ly cotditioord by the bype= ol snow, and aleo
by thd naturr swl ménner of phyaleal ceating far
v emeenr af ain propectiss,

In ekt cpdd of machiny-mnow doterecElion = &.g. sy
rimoval from smghind plowghing of vehicls mobilicy

on smw covePed Latfdin, comprfessibilicy 4rd abdar
Taplonanc CONAEITUEE the pTio TEspones mechamiang
ol the snow Lleyer OF woau pack- Tha pasforwmance af
smnw Lo rovd fmad compiwnslon g e beprbed
provicuely by Yomg snd Puboe, (2977).  the mechods
Tor deternining v himdn #f anow unml, teENChEY with
charsccerlaclien of cha pacerial in shear wndar con-
fined aracud hava btan gxamined. In Esa mudy, the
dirace ghear pecforoamcs of sow 1a stanined. Theas
<harpctarleclcy Bra sggn o be Cundmental to the
davelopmen: ol muching—pnow Inccreccion phencagns.

Apparent ¥aliute Merdes In Direct Shear Pefformance

1

FOT QATEOOLAE anbw, thae (8iluT# mide Anhlbleod ag
dircct abear performamcy undor aulficlemt moresl wprome
This I»

samee 10 corTeamind woll with other pypes of pranular
BT b, LT L TR
Elor Pl Tore mvude, wlthewr wvimal prosasmre or wlth
1w 1Y Towr formal preseafe, SITFcta £ rom Lhe

IT mwrr 14 well wlnvered (homdodd,

i3



Fixora 1, Gemeral #hedr fajlurc of smew In @ dicvek
shagr Leak,

Tl grdinary shear Cwlluza wods, as shwown in Figure 2.

Figure I, Typleol venails fallore enda 197 soow
wirthout Bormal pragéuts 0T #ith relativaly Iowsr
parmgpl proggyura Ip » dipact shear taal.

This failors mde may be Ldenclfled sw “temsion
Failure™ of wvall siorared amow In dIrect shagt btepid

similar o rhe chaervaclons of Butkavlem 19540 Tor
doubla dhhr rinrg tedl an gniw,

Aoca thar in the evaluatiom of anow parforms:s
in diewet abear, proper accentlon to boundary comdjes
load ead comstralni e i3 nacadsery.  Flgura 3 phows an

Arrajular typa of Fallure wode whin the thlgkniaa of
Lty ARmat luyrr of Che Soow uptclden in very abellow,

Flgurs 1. Icrugular failure wode of snow jm & dlTectk
aleaT tewx whan Fhe thickpeas of ApaInem 4

Lmpud f 12 lene. Wotd rhal Lhé ldilute wethanies iw
wot vmlike that af Snow cultlog.

Tha gecurrence of ahie Irregular follure Jonds Ehe
Ty liv dlaf rcalstants In colper lsom with the
ardinary Inear Tadlure perigrwaace, Thls
prenmyrgn in mi yalike thay developed in w0 Ll or
'  ometal cuiting. Ll ong wishea to analine tha effeck
wo-pf thichnens of mrdw amprcimon In divect ylaar pef-

I formanca, the thickaves of Lhe £op ~hear Liver cAm be

wArmded. Thia lewds 0 the fipalfy shawn In
G Flauce &, An can B ghaomYoed, bhese Ls o3 fimitiog
LT, ghichrmpd of the mhear layef, swite that [ar o Lhlch-
V' noas af wery tan 1.0 oe, the #sbwar force sacms 0

Fomaln JimAr crumtmi d slevem [n the Flgsrpo. To
milnialn walfiormivy la Festing, thye sbeal Cedld com—
dyobrd B Lhbs muly Peguined the iblchoves af snoy
spcn et A ot oA Big B oum Ehlek In b uppar Layer

atove the whasy Lag plepe,

rigura 4.  Teear ferww devcivged o & function of
thichinaas of wmow spegisen 1n #iTet Brar tesc,
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F{fects of Bhoar Talmcicy
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Flgure ¥ shows the relatlionshlp batwagn ahesr
wiTe0prh and norodl presswrs for the grasular smew
Cusad praviously by Teng and Fulus, (197730 ar twe

famgeg of ghade walatition, a.f- D083 smd .31 cafdac,

Figura 5. Relatlombips batwaén shesr sirenpch and
axtmal prassurs for granular anow lo dlract shesy,
tebtad ut ahedt velocities of 0045 amd 031 cafess.
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Tha opis clicles Jolicate fhe dheay stTangih obtalned
At & shear voleckity of .45 cafoec, whiler tha black

ccdreles Lndicers vhe shcat atvTength [Or che ddba wnow

ok & dhaar welocivy of Q1) rwfmae,
Tha reayles ghow dher the relotisnahlp botueen

ahisnT 4LTERELH

1

rmi wormal preapaT# O Ly g lmont

Ilerear st bogh whedr welocities of O.08% a-nd a.M cwf

wee.  Thise ELvend Ja st upcomssn Dof gromulat
matariale,
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The ralat lenablp bobuess giunc porengih el narmny
pressure any e wvalibsd In oo momer wislbor (o that
Alvan iy thy Coulmsdepwfar bwwry!

L] .'n Lo 3" (1}
-!'“‘I-I'I'i !
1, T = ghapr mtrbength * 1

ﬂ“ = pormel pravyucs acking an the shagr plane
;9" = apparmt correlacive angle
% | !

i Moce thet the deaigration of 4+ i L spparent
Lcotralativa angle (o Jelibersts. T celpratlon e
Lldgntily 3" wilth tle phyalea) characteriskic of

-p:hlnch o1 porticle feiction wmauld be distcouraged, Ju

I:tha present cencaxt, A" Ly tahen sk & mothomatlcel

S eoTtEmlmt Ive angles = and dows in MG war repressnt cha

Uipictlon amgle of chi marsrial. Fropomimits af the

* Wohr=Coulowh theory will recognize the imharewmt déngars
af appiicaciom of ctha cheory 10 & high volume changd

waterial. An et L Figuté 3, [he spparsac corrals=-
tive sngly & Lw dcrongly dependent upcon L phebdf
waloe iy, In rhia ser of enparimencel raaulcn for

' guampla, Wi nOLE EhAL tha Spparenc correlacive angle
#" Llm 45" far = dilvect ahwar purformatecs gt o sREpE

" valaglty of 8.00% cafuwc,  Thia valua reducss ro 11°

Lok rmece &t 4 mhear valaclcy of 0.J1 omfesc. Thid

' Acgmlce Chat cha shear screngih of seow dacrassns with
cha {nccangiag whapr welocity. Thia prand ia mar
common wich othar sacgrlele. '

Ahaaring Hychunipw of Soow

Ta oheain an sppreclatiom of tha aplicacions of
tha apparant corrblacive dngld 47 Lt 18 Decsaasry
ts ansnine weow lotec-granulay actlvliy undar atpéed.
It Lla hoown Lhal cha combmct stves bhatwien goow groies
Daat Incrasse wich irrccoverable deforsaclon in the
abranca of Lloter-gramulay slLlppags. Ta dewslop &
alaplietic plcture, wve coneldey fleatly o poilmt pome-
tace hacvesn two gralas sa whown Ln Fliuew &, Thia
Flgure Llluscracar cha Iwiaclonahip beresen graln com—
et nrge far & devaloped normsd errads betvesn graine
as & fupctlon af ché time tshaon to resch Joter-granular
slip [1.4. Inclpiunt abesr Eallure]- [f ar clos ¢
Equaly @Yy, Lhe mrrtlpﬂnﬂln‘ Lamd 4% rekg., thea LT
comcack #fad for » grasular saou condiblon cwen be com=-
wildared 4o b woery mall or sagligible.

Figurs &. Devalopomnt of greifn=to=graln coOALACE aFeA
prior (o yhuear Eajlure am ¢ functlon al dpeod al gheat

LARE, dopt that cigew LT and L cepredant 't laa

takan ko cesch Jnclpiont shmay (sllura Lo kvo dLEERE-
ant ahaar Joading welocicles,

-

| i

IT Tomding grcure ddmgdligely afger § = 0, oA am
enviaapd AL wmchcy dynomlc bealigg vesiiloaa, IT Ly
clmy Ladn 0o draech folinde avvnfm sl & ® L, the -
wred Wlvren prelon Bercvess 1 2 . Blinriy, 1)
the tlme Loken €0 To.nh Cablnfe orenfe at ¢ = 2., [or
& slowat ratu ul Jogdimg. e oIS Ofvil becoses 3"
an shown Lo Lho Flgurba. Undnr diTsct abesr, tha
ralat lonwhilps formod by 5 v 3 oand L Eareae
L wich rogaerd to difl'tn.-nl. lﬁunr vilocitien ore Aedn

ko km dependeat. o0 the Cles requiced Lo Indtlofe or

promota welaiiwe slippage of kvelan b.w. wern slip
etuvars grelim owowrs the Mvlailénship Wriwedh JEbEnc
arcd deyvelomesnr sl pimy bocdsuis e L. It t»
occed thad 8 8 lover atewr velacicy far weanyle, a
longsr thew puriod in regulved for O 4lilppags o
ahear Fallutw oo ocrur. & dewe b bk Flgucs, &f
v sigums Lhei for slip e dccus umday condillarme #f &
high shant WALatiby L Col ssébple 1, amd tha 4lec
cequlepd £q Enliipte allp o8 & paviicular [owsr shaer
walocliy LB I:z. the Lemgiiilal forces Tequlrad to
fnltiate slimpeiy batwsss (v adjscent dnde grailnd ie

conLact may ba gives by, [see Prgure 7] ! ;51
. !m
| jam

Figurs 7. Caoatal atress condicions wE moow |uhn' 4
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L) il
Cartint sewr, ¥ em!
or ¢ = I:Iu
?‘] - A ’l + N ’l. ¥ 3

Jor ¢ = L,

Fqoa B »dtms 0

'm"

T 1 and !‘cz *  the fengaprial forces ra inlolaca
t alilp for v # ¢, and ter

Tavpuckively,

#: =  Ehe mihdsicon pur unlk drem o0 CLhe
comtack, 5 " ane ill AL CODEACE
aTedd 1o Cwlatita to "1 -2 1.:,

EdmpLiwaly,

1 & hit monkg} prevevTe acting acting
oo Lh cootait

‘l. =  the appaVeAt cocrelacivs angla for
the gramulsr snow.

From ki procediig ALeiemputy, the condition can ba
Jwritten a8 4

! o
T4 v, ; £a)

. l .
Uindicating tlwrohy b situst ten uhere the highas cha

Mlerar wrineley, L amal Ler 4 Vo gangentfal Tores
redelfed G0 Inlildw ol Ip hetwvew grulmm,.  Thie (Jun



ok comwtaad,

wil by wabvmdvd oo dcvouat Cur AlELlod plicersenn In 1
wricwrt ' bl copecn o g f Tormi o,
MWrii g vyt il & qand 1 L 3 guosweFanl Topmy

TR B, *Uu TS L3}
whars l
SN
T & pheat atrongth |
A" Mhoslon P&f uwnlk oy ,
5 = "pifactios contact araa™ of Che specimen :

o & pormal Topse mching on the shesr plane
& ggpocent Correlative seple for a gramular
amov coodlcion [from the maceopcapic painc
of viaw].

" TE one sapomcy thar the appacent coreelative sngle 4
then the yaperimgntil tesulca obcained
ofh dplaifrabla wh whowp In Plgure 5. Tha Flgurs
damcnarcacid that rha sbhear atvangeh of anow conddata
of m presdt [rictlomal cheacsctarliacic dapandent o che
nafmal mitépd dred wh Adbdwdve cas lptmnge component
prapartlonal to the cffective contact arwa, Tha
adbtslve radinlancs somhoment Ie dwdn Lo LACTEEAS 84
tha fallure time loctedddy bacauns the longasr cima
provided Ior o greatar confact stas.  As notod asrliac,
& higher shaatr velow ity peovides Tof g ahorter TLes
far Falluce [0 o¢tdwd Lo Che mmow. MTherelore, ont -
could daducs Chat cha Blnisems swhepr strengih of che
Ancry bl bm obrdlnod &C & very high shear walocicy
wince Locar-granulac alip can acour witkaar sufficient
davalapaene af graln contacy ards. |

f

Fijura .  1)lyaceation of shenzr wirength showing
el Lon companent,

by

" Bfface of injeial Bongd)og of Smow In Dicogy Shesy Tow:

T wxsina the Influence of Inlclal comditions
Ci.e. Iwiciel mmow seructurs) on devalopment of
strenich, direct shesr Lsalem oo soow of variows “agea”
vare tewlid.  Figure ¥ shous reladlonshlps Datvsem
ahaar seenmgrh snd soreal srTeda ohiploed from
diffecently sar hatdencd anrw. In thres tenc mariea,
varigus wnows, f.4., gCanularc gngw aboalned §rom
laboratory prepieation techniques reporewd pravicusly
by Yuog snd Fubwe (09770, Imur age hacdoned grasulec
antw and F-day ope erdancd snow wevy oasmined. Al
notid, Lhe basle wnow uAvd wom & laborutory prapdced
gronular spou desr graln slze Zlarrimscion wes yindbay
to tWL 4l & I=tuy old fevwh [ullem sia = 4a FopedDod
uy Tong seet Fubesy [I977). frowlar gt Lo Lobama b2l ;

wd an wuwhlas- ulth disveere griles Wil e age
Sl -l o I Dd#cnt i Lid ots mlntored smows, The -

Tipure 1.
imyuml predpere for vwarlvass nps Bardopund g in
direrh slu-af Cvat.

Balar btahipé frtuwrn sheae S tragth snd

—-y' |« ,—:7 ;

—_)
rd
- :
s "
[]
a °| —
4 =Sy gt Wamwmcs
"i“..T
] A » a F] -
N B |,
I st I
' .53 .
‘m
48
wet of & laboratory prepaced Snow a0 2 bpalo Bnow Lé
oA CARSETyY LE twvk dawirdp ro coorrgl lodelsl macarlal
JIOPSCL Led , This provides ong with & llp-nll!lhl.. Lan-
Leolled onifofm matecla) FOr tewping. b motad =z !

pravicualy, cha appacent celarlonship hHarwssn shear

atrangeh T and GoTmal Sbrasa 2 Far granulaf oo

Ly almiar lisesr and ché Appardnt cocrelacive friciion

3 La wpprdaimraly 13* for 4 shear welocicy af 8,11

.. pry-)
The T -4  curvs of Che Z2=hour agml ancw i3

[l.n.‘lr_-:.-l. by .:.hq Lelagyles Ln Figurs ﬁj im ooy atally

Uiminr sy shoey.  Tha ceevlis ghow tihet tha non-llaesc |

part of cubve for the aged snov EppeEcs undeT OOrmel

praapurer of lass chan 0.3 g /oad Tader grastsr

soTmal pressuras the relatlonship bapwesa 71 amd 2

in sssn vo be almset linsar as shoam 1o tha Figurs,

For the J=day sge hardensd anow, cha felationehlp showa

that non—Jlinwarity is ahesf tlllt! wndar normal

prudpuren of legy Chan 0,33 hgfowm™. Jioce cha age

lasde o bond developmasc, tha noo-] lamiloy aCvRER

shasr sad nores]l scvess Ln sesa Lo e dapendent upon

watab) lobnmnt of boods.

clyding Remsrks 1

Tha shaar caapoide babavigyr of pnow for the sems
Lhat [papurpiufy <onditlon Lé dese Lo be Japeodent co
tha following Faccora:

1. Tnow Cyge.
I+ Momas]l presseres ectlog on the ahest plane.
Y. Shear velgeiry.

A sleglistic struitors modsl to empladn the shaar
babelviour with respect to boch anow typs and normal
prasaucs sffsces can be daveloped sm ghown 18 Flaure 10
In Flgurs 10a the simpla mxdel shouvs the shearlog
charsceeriscica of graoyler mnow. Thy abunt plana of
Ehd granular wmow L inlilally iedlcated se o dlecon-
tipuity ~ which moeaw 8 no bonding condiclon betwwen
Eftalna. TFrom Ché soglnesting pednkt of wiew, ot , | I |
ralatively Jour Lraperocured, the waear Eilm e fect |
beCuden BISw AFaina I3 ot Coo plonounced.
Figarea 10k - 104 Lliustrate tha affeces of normol ,

. premwure fur wlncored snow an the ahoarion characker-

Imticm of Ll miwvw. Flyur: iy shows tha buhmr[wr_'r' |
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" of the arruceutal wode)l wirhout brmefit of moTeal
Predwury or with ulll[vtlr LowaT noTha]l pradduly —
' wiith mo WroAkege of IALer=grdmulsr bonde offura. Al
*! noted earllar, cenalom fadlurs oceuts durlag ahaar
v AppLlicapion under ralativaly Lowsr noraal présmute,
Ab Lhlw Liwal & Lowd sbtal yrosevess, the T -a
cucew slewd & high grediset, dndicoted aw Trpa o
[Tigurs 1ON]. I & Wigher sarual praasuce la spplimd
dupiog tha shesr poosans, miceg=fallucs [L.a. b
"I praaking of bowds] say ocowr. Tha phanosemon
' lmdetand e abin deval gl woroel prassors [e Ldimcliiad
ok Trpa § abevm {m g Plgurs, D sppereat [agiucs
lof Typu R Fer tha T = 0 cusve In Bacogniied a4 &
Yury Low OF Magaclye ll'-l'].tl'it parformanes 31 the turea
" ad sboww Ln che Flgurs. Sats 4bat 5 oegaclva gradlant
“of cha T = 4  curvs isdiceies g velaxacion pireiobanon
[T ) thn sleockive bomd preahags ssguenc s
in che smow temt apEELieE.
! & vary high aermal pradenra Li applied pricr rg
Pl during Bhehr, i EIZWE S wate TREE wleoet Cowe
T opleta breahagh of Use Intsx-gracwlal woads occutw.
T Tey Tisal avow somdition will cosxh & colally
drumelar S0 sCatws.  The densicy 8f the final
SERMlar wium conditclan Lo seen Eo ke higher thim
the falcial danalty bacauwis 0f che scourramcs of
nicvol tectufnd dus to Intet-gramular allp.
For o Wighly hosded soow or 12, the 1 + 0
3 cwwws Wbtalned mpy b wemh to bh Slatlar & thoss
- gwtnlowd TTom pafc coth vediing &8 ehowm in Flgure ide.
Gl -Phiv Eype of vurve Is aimilae to Typd A and 1o Sisilar
" ga the T = o cuees for high dedaley smows Crsrad
¥ Buthovich T198) .
Tha shesrilog charnciariscica of snow In r-ul:lon
[ G KD omow typdm cAn ba davidod Lnto theoo wain Eypas,
f!'-:l..-, pand-cypu pravalan whow, woduracsly bieded Smeer, :
fit.end u roch-cyps werongly bosded saow.  Thiws \
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SHOW TRAFFICABELITY - THE KNOWLEDGE GAF

by

Raymond . Yuﬂgl and William L, Harrison2
ABSTRACT

The wlide differences in factors and parameters distinguishing
snow trafficabillity from general appreication of ondinary soil traffic-
ability are sean to demand proper recognitlon and attent'on.  The
problem of categorizing snow trafficability however 1s not easlly solved
since a simple one-to-one dlrect technology transfer from soil to snow
mobllley and trafficabliity cannot be implementad becavse of the very
diseinct different response performance of snow and the lack of avalilable
accepted or recognized schemes of ldentificatlon and classification of

ANOw.
YHTRODUCTEDN

As a result of innumerable experiences and recent studies on

*
varlous aspects of vehlcle mobll Ity on show covered terraln, e.g. [1, 2]
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it has become increasingly clear that there is 8 need to clarify the

problems surrounding the mechanics of vehicle-snow interaction, In

splte of the ready temptation to conslider vehl¢le-snow interaction In
terms ofF vehlcle-soil interaction relylng thereby on a simple transfer
ch g one-to-one basls of the mathods of analysit, evaluatlon and assass-
ment directly from soll trafficability conslderations, it [s necessary
to bear in mind that the total response performance of snow can be
dlametrically aopposite to that of soft soll. As noted by Yong and
Harrisom [2], under a large varlety of snow conditlons, the first pass
of a vehlcle In snow 15 generally the most demandling pass - 1.e. insofar
" as snow trafflcabillicty is concerped, one would observe that the first
pass |s the worst pass. Thls contrasts vividly with the assessmant of
scil trafficabil ity where by and large the first pass of the vehicle

Is the easiest pass, and succeeding passes on the soi! terrain would
require greater effort In order to produce the same tractlion. The

many consideratlons 1eadi;g te thls partlcular set of statements have not

been fully addressed.

In recognition of the severe complexities involved in
definlng the problem of spow trafflcéhilltv, the ISTVYS has recently
Formed an interpational committes to study this prnb|em: Some of the
aspects leading tc the above statements have been considered in the
flrst working paper developed by the Commlittee [3] whilst some of the
considerations augmenting those given-In [3] have been discussed by
Yong and Harrison [2]. The intent of this study is to focus sttention

en the specific problem of snow trafficability, covering some of the



points mentiored in [2] and 3] and some cther aspects not previocusiy

noted.

Assessment of Vehicle Mobll1ity and Terrain TrafflcabiTity

Theare are several! methods used for assassmant of vehicle
mobitity and terrain trafficability, e.g. (&, 5, 6]. By and large,
these refer primarily to inorgqanic or some organic terrain material
Insofar as mobitity and trafficabi| Tty predictions are gconcerned.

The assessment of some of the requirements from the avallable
practices or technlgques has heen performed and summarized recently
L[z, 81. The essence of the principles involved and current practices

requlre:

{a)] A knowledge or an assumption of the kind of
vehicle-terraln Interactlon characteristics
developed in tha productlen of mobillty - §.&.
analyses or assumptions leading to the
production or determination of forces
resisting vehicle matlen such as ploughing,
drag, buli-dozing, stip, and other kiInds of
simblar dissipative mechan!sms.

{b) Some methods of determination or characterizatlon
of the ground support material whereby certain
material propextits are entracted for use in the
development of analyses or calculations leadlng
to support capability for the vehicle and

assoclated losseas,

{¢} Empirlcal and correlative studies whereby vehicles
are related to certain Identifiable characteristics
or properties of tha terradn material - requlring



In sssence fleld and laboratory testing procedures
whare actusl experience of vehicte performance can
be directly related to the terrain materlal, laading
thereby te practical assessments and predictions of
mobility and trafflcabilicy,

We note from the above that at least two specific polnts
stand out very clearly. These are:
{1} A knowledge of the vehicle-terrain interaction
characteristics.

{2) A proper means for identifying and classifying the
- materlal insofar as response performance Is

concerned .,

Hote that the wealth of testing experience for vehicles on soll
terrain material is very large - In contrast to actual documented and
ratfonal studies of vehicles on snow covered tarraln. in addltion,
it is pertinant to observe that the treatment of terraln soil material
beth as an actlve or passlve material insofar as classification,
[dentification, characterization, are concerned, can be found in many
carth sclences disciplines, There are for sxample, several methods
of classification and I[dentification available depending upon one's
particular discipline, 1.e. soil sclence, geolegy, gecgraphy, geotechnica!l
enginecering, and agriculture. Arising from all these, It 1s possible
to utllize the collective experiences from these disciplines for appli-
catlon to vehicle-sall tarraln materi;l interaction and to permit the
develapment of a reasonable base for examination of the vehlcle-soli
terraln Interaction phenomenon for assessment and prediction of

vehlcle mobility and terrain trafficabillty,



The problem of vehicle moblility on snow-covered terraln however

is not as easily obtained or determined since:

{1} The methods and Indeed the phllosophles Inscfar as
classification and identification of snow are not

eas(ly resolved.

(2) The interaction between vehicle and smow cover is indeed

sensltive to the varlable properties of snow.

The problem concerned with the proper ldentification and
classification of snow for vehicle mobility purposes has been Initlally
examlnad by the [STVS Snow Committee [3]1. Some of the observations

"made include:

(1) To predict or evaluate vehicle mobillty in or through
snow, there must be a quantitative definTtton of

snow trafficability.

(2) Trafficabllity is dependent on, or a function of,
particular vahlcle types, sizes, running gears, loads,

efc.

{3) A snow classiflcatlon scheme deslgned for app!lcatlon to
snow trafficabll ]ty Ehould be readily related to [or
readily imply] the thermodynamic history of the material.
This should Tnclude snow depth, wind velocity, prevalling
winds, topography, layerlng, direction of metamorphism, etc.

(4) Snow trafficability alsc depends on terrain/topographical
factors such as ta&rrain qeometry, non~unlformlity of snow
depos It and crustal formatlon, hardness of underlying
terraln.

{5) Any trafficability prediction needs to be based oh the snow

condltion at the time the vehicle is to attempt travel

over or through the snow,



{6} Moce that the present yleld/failure criteria available
and used, e.g. Mohr-Coulomk, pay no attention to
straln ap failure or yield. In addition, they are

applicable only to no~volume change materials.

It is signlficant to note and to bear In mind that except for
the high Arctic regions and the very high altitudes, snow cover and
snow a5 a material do nor exlst as permanent entltcles. By and large,
the 1ife span of the materia) is less than six to eight months, wlth a
three or four month pericd being the typical perlod for consideration.
Because of its sensitivity o temperature and other climatic factors, it
Is clear that the material properties will vary net only with respect to
Its 11fe span or cycle, but also with respect to local fluctuations

withln fts 1ife span - e.g. local climatic and environmental factors.

Snow Properties and Characterization

From the several recent studies on snow properties and

characteristics [9, 10, §1, 12] the following points emerge:

{1) The high volume change characteristics of snow
under compresslon and shear must be sulitably

accounted for in any analytical formulation.

(2) The effects of rates of lcading on the material
are sufficiently significant that these must
also be factored into the analysis for strength

and response characteristics.

(3) The distinction between fresh and aged snow Insofar as
propertles and response performance |s concerned,

is large.




{4} In granular snow, the need to be able to distinguish
between characteristlc graln size, dlstribution and

packing is evident.

{5] Snow property varfation can be seen to be dependent
upcn time of day of test, location, temperature,

speed exposure, etc.

The simple procedure of a transfer of technlque or analysis from
previously tried procedures as applied to the mobility on soft sofl
terrain problems, to consideratlons or analyses of mobility in snow
will undoubtedly Face complications and will lead to severe mlsinter-
pretatlons and obvicus errors. The sensitivity of snow material
response to all the varlous factors assoclated with mlcroclimate, rate
affects, thermodynamic history, and especlally the boundary censtralings
Imposed through methods of testing, render the requlrements for a proper,
knowledgeable, and senslible characterization of smow as belng most
signiflcant. Thus for instance the accepted application of the Mohr-
Coulomb theory of fallure for inorganic scils whereby a'friction angle
¢ and a cohesion C are obtained, pesds to be carefully examined insofar
as appllcatlon ta the problem of snow characterlzation. Since the con-
stitutive performance of snow constitutes a major component In vehicle-
snow intaraction, it becomes partlcularly useful to learn the JImits of

applicabll Ity of constitutive or failure theories.

Informed proponents of the Mohr-Coulomb theory will observe
that the demands of the theary requlre that the forces expended fn
shearing the material to fallure are utilized sclely at the plane of

fallure, or totally In shear fallure, and that ne volume change or




or othar losses of energy are accounted for. HMote that this is a
deflcliency not of the analytical theory necessarlly but of the available
methods of field testing and measurement., In Jaboratory studies, the
test and material situation can be controlled and sensible measurements
made to provide for a rational development and application of constitutive
theories. One needs also to bear In mind that the frictlon and cobhesion
parameters obtalned from applicatlon of the Mohr-Coulomb theory are

soiely and absolutely a direct consequence of the mathematical theory

of failure and not necessarfly a representatlion of the physics of

hehav lour.

In vlew of the above, It is necessary to ask how these
problems relate to the determinaticon of failure in snow material. Tha
application of Hohr-Coulomb's theory to the description of snow fallure
or to the description of snow propertles, cannot be eealistlcally
acttepted since the high volume change characteristics of the material
under shear are not properly accounted for In the forces developed or
measured.  Where such values have been reported in the literature, it
s understood that thase do not have any measure of resemblance to the
friction and coheslon parameters cufre5pnnding!y used Tn the description
of inorganic solils., The danger obviously lies in the appllication of
such parameters to the standard theory developed in vehicle-inorganic
sail interaction. It is necassary to bear In mind that the mechanisms
and models developed in vehicle-fnﬂrgsnic s0il interaction do not
necessarily bear any relatlonship to the mechanisms developed in

vehicle-snow interactlon, In particular therefore If one then appreciates



the problem of snow behavlour and the fictitious properties obtalned
thereby through misapplication of a theory, the problems are compounded
and the answers derlved cannot be easlly deduced insofar as wviabilitles,

acceptabil ities, and realities are concerned.

There are many more such considerations with respect to snow
property bebavliour or variation. 5Some of these have been reported
recently [10, 1, 12] and do Indeed point up to the very pressing need

for a knowledgeable understanding of snow behaviour and performance.

The Oilemma of Snow Trafficability

FollawlIng along the present general technigue of using
transfer of information on a ane~to-one bas'ts wlthout speclfic
appreciation of the wide variation and distinct contrasting
characteristics between inorganic sail and snow, the problem of
defining snow trafflcabitity is particularly significant. In the
ordinary definition of soll trafficability, the impllci£ understanding \
developed {s that the material [inerganic soil terrain materiall is
classified or defined In terms of fts abillity to sustain vehicular
loading in terms of a minimum number aof wvehicle passes, By and large,
a figure of 50 passes is generally used to arrive at a means of
ldentifying the trafficabllilfty of the soll materfal. Thus one would
expect that if the material can sustain at least 50 passes of
vehicular loading, It bears a certain trafficability characteristle.

It follows that If It cannot sustain %) passes, the Ela5leTcatInn for

vehicular loading with respect to soll trafficabillty can also be




defined. In most soil situations, as one continues to add more and
more vehicular 'opad passes to the soil, deterlaration of the scll
surface occurs to the point that more work 15 needad In order to provide
for vehicular mobility. This results In a lessening of drawbar puall

or a required increase in Input to produce the same output. The

except ion to this might 1le In some situatlons of sand packing

where densification occurs under repeated passes.

In the case of snow, however, upon Initial loading of the
shnow throygh one wehiclke pass, if total immobilisation does not
occur, the wehicle servas to compress the snow. The succeeding passes
would now be made on 2 more compact snow thereby ensuring a better
abllity for succeeding vehTcies to move over the snow terrain, Thus
tn essence the First pass of the vehicle on snow s generally more
difficult than the succeeding passes over the snow covered terrain
{snowpack), This jdentifies an exact polar position with soil
trafflcability considerations In that with succeedIng passes on
snowpack a greater densification of the snowpack occurs. The only
exception to this might be found in a situation of crustal granular
snow where succeeding passes might serve to break the crust and render
the granular snow similar fo thet of the sand surface. However, with
further and further tractive loading, especially from tracks, it is
possible to Induce a measure of compaction in the granular material
to allow for at least no further deteriorating condition I'n the

ground servigce and thus permit the material to remaln trafficable.

The dilemma that now arises §s one which requires the user



to pradict the properties of the material and to relate these
prapertties to the capability For support of wvehleles both Tn the

flrst pass mode and {n subsequent passes. It ks necessary Lo

produce 3 means to [dentify the material, not only In the present

form but in particular with respect to its future role. To do that
one needs to be able to determine the variations in the properties

of the material with time and climatic changes as noted In [3]. In
addition it 15 necessary to determine how these properties wlll relate
or particlpate Tn the vehicle-snow interaction preblem.  Prasant
technigues which depend solely on transfer of Information, procedures,
‘and practices from the vehicle-soil terraln Interaction problem cannot
be readily applied because they do not account For the diametrically
cantrasting behaviour for snow [as contrasted to seill. In addition,
the analytical technigues formulated for conslderation and evaluation
in vehicle~-=ail Interaction cannot apply to the vehlcle-snow interaction
problem because the mechan}sms of Intaracticn are not similar, Thase
are not immedediately evident and are therefore generally misused or

mlsrepresented,

The too!s to properiy describe the materlal {snowpack} reacting
with a vehicle, and the relatlonships astablished in interactions between
snow and vehicle are not only absent, but not clearly understood or
visualized. Much remains to be done to remedy the sltuation. Present
technology or methods used In wehicle-;HOH studlfes suffer from Inadequacies
of understanding which need to be rectifliad. The discussions and
recommendat ions forthcoming from the ISTVS Snow Committee [3] need to

be serlously considered,
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REQUIREMENT FOR IDENTIFICATION AND CHARACTERIZATION
OF SHOW FOR MOBILITY PURPOSES

by

ISTYS COMMITTEE ON SNOW MECHANICS RESEARCH ﬂﬂﬂﬂDIHHTIﬂH*

ABSTRACT

The difficulties encountered in the determination of snow
properties and characteristics which are relevant to the problem of snow
trafficability are magnified by the lack of adeguate means to proparly
ident1fy and classify snow. The various components of the problem
include:

{1) Therma!, mechanical, and time factors which influence tha

density and structure of snow, and its response characteristics.

{2) Changes in snow properties and rasponse characteristics due
to age and temperature histories.

{3) Hethods of snow testing - recognizing that the response of
snow i5 condltloned by the test instrument and technigue.

(4) Procedures and criteria for identl|Fying and class'fying snow
throughout the period of Interest and for forecasting
Lprediction] purposes.

In thls paper, the I15TVS Committee on Snow Mechanics Rassarch

Coordination discusses some of the above components of the problem to

"
Committee Members: R.L.Brown, W.L.Harrison, G.J.lrwin, T.Huro,
J.R.Radforth, G.Regll, J.5chclander, and R.N.Yong [ Chalrman].



illustrate and dramatize the need for establ ishment of {a) necessary
standards and procedures to identify, classify, and test snow, and (b)
proper relevant analyses of the test data for mebility analysis and

prediction purposes.

INTRODUCT 10K

The three prime requirements in ev&luation and analysis of off-

road mobility are:

1. a knowledge of the properties of the vehicle, and in
partfcular the running gear characteristlcs and

morphology,

2. the properties and characteristics of the terrain

being traversed, and

3. the vehicle-terrain interaccion charagtaristics.

Many studies have bean performed with respect to the classifi-
cation and identiflcation of terrain and ground subsgil [inorganic]]
characteristics and properties. By and large, the Tdentification and
class|fication of these terraln materials have followed empirical, semi-
empirical and partly rigorous sets of rules. Assessment of the assog-
iated properties has been through various kinds of tests ranging from
arbitrary to raticnal, The results from all of these have sarved as
input to empirical or analytical models which permit the systems analysts
tc arrive at predictions of off-road moblil ity and capability - elther in
general terms or with respect to particular vehicles and thelr operational

requirements.




In situation where snow cover becomes a significant facror
insofar as terrain cover Is concerned, consideratlons of of f-road
mobilicy must obviously include proper evaluation and accounting for
snow participation in the production of vehlcle mobility, If the
same Information such as those used in soils, e&.g. soil-terrain
identification, classification and property assessment are sought
For snow, it becomes immediately apparent that much of the information
available is either inappropriate or invalid insofar as snow trafficability
or mobility on snow is concerned. This predicament is not surprising
since it has been recently that attention to snow has been considered
in mobility purposes, Past attention to snow as a material for study
has generally been confined to sciantiflc and enginsering discipl Ines

other than off-road mobility,

In view of the above, and wWith due recognition of the fact that
continued concern for wvehicle mebility en &r through snow cannot be
fully realized without proper attention to those aspects of snow which
impact directly on vahicle mobility, the 13TYS Committee on Snow Hechanics
Research Loordination was recently established to address the problem at
hand. In this first report, whllst the fommitte= recognizes the vital

appreciation for:

1. the need for a commonly accepted schame for classlificatlon of
snow specifically for snow trafficability purposes - 1,e.
the requireament for establishment of a 1lst of spow
parameters which affect vehicle mobility on and through

sniw - Including vehicle-snow Interaction conslderations,



1, specification of procedures and methods of snow testing
both In the field and in the {aboratory for determin-
aticen of the pertinent snow parameters for input to
evaluation, prediction and design purposes for
vehicle performance,

3. the need for research [and reporting) on snow mechanics
as it relates to vehicles operating on or through snow,
it proposes to develop the overall vehicle-snow mobility problem by
initially focussing on the Kequiremen? fon ldeniification and Characlen-
Lrafion of Snow forn Mobifify Purposes.  In subsequent reports, the
Committee expects to present the other Concetns In order to provide
further [mpetus to the necessary research Into the problem, and also to

coordinate the avallable information for use in research, application

and development.

IDENT1F ICATION AND CHARACTERIZATVON OF SHOW

There are many aspects to the identification and characcerizacion
of Snow. The primary one requires that these be dlirected specifically
to the problem of vehicle operation in snow-coverad tercain. For
simplicity in presentatlon and discussion, Tdentiflcation of snow will be
considered Tn terms of classification whilst characterizatlon of snow will
refer to the description of snow in relation to speciflc properties. With
this in mind, the first concern expressed herefn is with regard to classi-

fication of snow.

Previous c¢lassiffcation systems of snow are, for the most part,

inapproprilate for use In snow trafflcability considerations. For instance,



whilst La Chapelle-Sommerfeld system [I.Z]fl is widely recognized and
used on the American continent, it is not directly applicable since

it ts mainly a sclentific tool which classifles snow according to

its crystal geometry. Az such, the system uses totally optical methods
to ohsarve snow structure for the purpose of describing the migro-
structural properties of the material, and henge does npt lend itself
easily for the caiculation of mechanical properties of the 5n0w.*fr

The complete meteorologlcal and thermodynamic history of the material
s reflected in the particular classification that a snow sample s
placed in. For example, the snow that has gone through a temperature
gradient process and then through melt wmetamorphism is placed in a

classification of Jts own, based on the grain structure that this

thermal process results in.

Temperature gradient or constructive metamorphism tends to
decrease density and bearing strepgth whlle graln sizes ingrease. On
the other hand, destructive or equitsmperature metamorphism promotes
densification and strengthening of the snowpack. Such conditions may
accur anywhere in the snowpack and may madify the total bebaviour of tha
pack under loading. Whilst a magnifying glass and a thermomecer are
all that s needed for infttal field assessment or metamcrphic descript-
ion, accuracy or precision can only be abtained with experience coupled
with laboratery confirmations, Unfortunately, at the present [ime,

much wark is required 1o render this classification system sufficiently

&

" Numbers in brackets refer to references in tiblliography.

ok
Research in this problem area should remedy the situation.



accurat® or amenable to relate spow Yoading schemes such as those
imposed by vehicublar activity to response mechanisms and relevant

snow mechanical properties.

Requlrements for ldentification/Classification

It is apparent that classification of a material can take
several forms and directions. This Ts particularly true in the case
of snow since the Tnterest in regard to the meterfal is not with
respect to a physical micrestructural descripticon of the materlal, but
with Tespect to the parformance of the material when 1t 5 subject to

several kinds of load and deformation schemeas.

If one rejects the microstructural approach for class|fl-
cation - similar to the one used far example in the La Chapelle-
Sommerfeld system, because of rhe tmmediate inapplicablllty of the
system to respond to the demands of the problem at hand, the alternate
scheme for classification would obvigusly need to rely on descriptions
arising From macroscople observations, It may be, however, that a
macro gbservation may not be sufficiently elementary to allow for the
develcpment of a dependable relatlon with mode of leading. Regardless
of the method chosen, the objective of a proper ¢lassification scheme

for snow trafficabillty should:

Reflect the thermodynamic histery of the material, .=,
it should provide some gquantitative indicarion of the
temperature history and temparature gradfent history
of the matarial. In doing 5o, tha degqree of meta-

morphism that the material has been subjected to,



grain slze distribution, shape and Intergranular

bonding can perhaps be statistically deduced.

Note however that frafficabilify per se [s relative to particular types
T

of vehicles and rumning gear configuracions. Thus, in developing the

kind and structure of a ¢classifigatlon scheme for smow, it is necessary

to differentiate between independent and dependent parameters.

It should be remarked at this stage that whilst it is desirable
to provide as complete a descripbion of the material |snow] as possible
to meet the objective listed previously, the limitations and constraints
imposed would [nevitably reguire that the total ident!flcatlion and
characterization procedure [ for snow’ be developed along the lines of
simple Field technigues and proper laboratory test procedures. The
wse of simple Fleld techniques allows one to provide the baslic information
necessary for a classification scheme, The added information gained
in laboratory tests falls into two cateyories: f{a) information of a
descriptive nature which will extend and confirm the classiflication of
the material gbtalned through the sIimple field techniques, and [b) com-
plex test information relating to performance characteristics and response
properties, Im the latter instance, this Information becomes particularly

useful in providing a description of the characteristics of the material -

A

" As noted by Yong and Harrisen _3] snow trafficability increases with
mire vehicle passes - as contrasted to sobl trafficability. Snowpachk
provides & better |oad carrying capabillty with increasing pdsses since
a qreater densiflcation 15 achieved. Thus, as indlcated by Yong and
Harrison, in snow trafficability considerations, the {{taf pass {& the
wokad pasd. If one survlves the first pass, the chances of a success-
ful second pass are indeed greater.



beyorsl that provided by the classiflication scheme, In ather words, the
simple classification scheme reliat on slmple fieid techniques and wisual
Db5ervat}on5 easily obtained [nthe fleld, whilst the more complex detall-
ing of the material which must rely on furthar study using more sophisti-
cated instruments and test techniques is Tn essence a characferdzation

of the performance aspects of the material. As such, it is best to

dafine this aspect as ‘characterizatlon', T.e. compiex classiflcation.

To aveid confusion, the term 'characterization' will be used.

Simple Classification Requirements

The information required and easily obtalned to satisfy the

requirements for simple classificat{on ingludes:

temperature profile and history

densTiy profile

time of sampling

grain size distribution at time of sampling
grain geometry and inltlal assessment of bonding

compressibility under a single static load and
density change

resistance to penetration [from a cone or equivalent]

shear resistance [using a field vane davice or equivalent]]

Mote that reslstance to pepetration and shear resistance may be obtained
following compressibil ity assessment. In thTs manner, a more consfstent
and realistic pleture of the simple mechanical response of the material
can be cbtalned. The ratlonale underlying this methed of comprassibility

pre-condition of the mater{al can be found in the Fact that the materlal



wil) develop critlcal or threshold densltles [3] which are indeed
characteristic of the materlTal at that particular time and situation,
l,e&, characterTstic of the grain slze distribution, temparature, and
grain geometry. Hence the simple ¢lassification scheme will require
that compressibility measurements be made, following which shear and

penetration resistances will be determined.

Requirements for Characterization

A good comprehensive identification scheme should fnclude
details of the material which inform the user about its response
characteristics. This generally takes the form of cnn;titutive
relaticnships and yield/failure criteria, Other relevant properties
used to describe the material performance characteristics, such as
volume change under load, and straln-rate susceptibility can be useful
information. Such properties as "Young's' modulus [stress-strain
modulus ] and associated parameters are in actuality direct inter-
pretations of the constituotive relatfonships.  Note that '"Young's!
modulus per se does not really apply since this refers to linearity

and recoverability in stress-strain relatlonships.

Before discussing further the important characteristics that
would be needed to complete the total identification/classificatlon of
the material, It |s perhaps necessary to fFirst consider the details of
snow response to vehicle tractive loading, Examination of the basic
mechanisms invelwved in a vehicle-snow interaction phencmencn will
indicate that the expend!ture of energy from the driving force [vehicle

drive train] takes the form of stip and deformation production In the



)

snow.  The mechanisms of deformation and distortion on the snow can be
broken down into compresgional performance under normal and shearing
stresses, and also shear distortional behavicur as & separate phencmenon.
Since load application at the interface can be extremely high, resulting
in high shear distortion at correspondingly high strain rates, the
parametars of interest center around mechanical properties and their
sansitivity to load=~time boundary conditlions. In view of the suscepti-
Bility of the marerlal to temperature changes inscfar as performance
characteristics are concerned = aspecially under high shear rates, it can
be argued that the viscous flow rate of the material would need to be
determined [4,5,6]. Observations of local melt under high shear such
as that condition found in the slip region would tend to support this

proposition.

Iin the deformation zone, compressibility performance undar
varijous rates of load application and confinement effect need to be
determined [7]. It is apparent that the various kinds of mechanisms
developed by the snow in response toc external stressing conditions should
be categorlzed simply and effectively - perhaps into paramaters that £an
be determined In the laboratory as standardized procedures and test

techniques.

The mechanical properties that need to be determined to provide
for a proper characterlzation of the materlfal for snow trafflcabllity

considerations can be summarized as fFollows:

Constitutive and rheologlc performance

Yield/faklure criterion



Viscous flow parameters
Dens ity changes under specifled loadTng canditons
Shear strength

Water content, denslty, etc. at time of strength testing.

Test Measurements and Techniques

Bacause of the sensitivity of the materfal to resr boundary
conditions in addition to other local environmental factors, it is apparent
that standardized pro¢edures must be develqped for both field and
laboratary tests. Some of the more recent field togls used to provide
Information gon snow response have been axamined with respect o wvehicle-
snow interactlon reguirements [37], At a later stage, the Committee will
endeavour to document mare detailed informaclon regarding test procedures
and methods. For the present, it is pertinent to observe that bacayse of
the varied kinds of tests used, and in view of the various types of
analytical procedures used to derive predictions on mobility, there is
little common agreement ¢n what constitutes proper and perilnent tests

for snow classification and cheracrerization.

Coupled with the nead for developing standardized procedures
for testing in the field and laboratory, there also exists the need for
production of a method of sample procurement that wou'ld maintain the
integrity of the smow sample. This presumes thar the associated factors
of identification of the materlal in-place have been satisfactorily

ful Filled.

1



CONCLUDING REMARKS

The abject of this particular presentation Ts to provide a
worklng basis for users in the vehicle-show interaction problem to
contribute their experienca, knowledqe and Input to the Committee in
order that a common basis for communicatfon of the pertinent snow
trafficabitlty information ¢an ba mada ta the user, designer, system
analyst, researcher, developer, etc. The following points bear
detailing:*

l. To predict ar evaluate vehlcle mobll ity in ar through snow,
there must be a quantitative definition of snow
trafficabilicty, This is not preasently avallable.

Can this be defined?

Z. Trafficabiiity &s dependent on, or a function of, particular
vehlcle types, sizas, running gears, loads, etc. Can we
specify standardized vehicles, conflgurations, and
condTtTons? Mote that as noted by Yong and Harrlsen [3]
in snow trafficability, since snow compressed and
densified after a sinole vehlcle pass, subsequent
passes should find the snowpack more amenable for lopad

support. Thus, in snow trafficabllity, as rnoted by

Yong and Harrison (3], the §laal pass {4 {he worst pass,

*

Figures 1 and 2 illtustrate the wide varlabilfty in 'strength' readings
in two typlcai snow deposits in late winter. MNote that the Information
obtained can be rendered meaningful if more supportive Informatlon is
provided, The guesticn remalns as to "what kind"'?

12
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3. A snow classiflearlon ‘scheme designed for appllcation to
snow trafficability should be readily related to [or
readily imply] tha thermodynamic history of the

material. This should include snow depth, wind

velocity, prevalling winds, topography, layering,

direction of metamorphism, erc.

%, Snow trafficability also depends on terrain/topographical
factors such as terrain geomatry, non-uniformity of snow
deposit and crustal formation, hardness of underlying

terrain.

5. Any trafficability predictlon needs to be based on the spow

condition at the time the vehicle Is to attempt travel
over or through the snow. Therefore, although snow
conditlon depends on the deposition and aging history
of the snow, knowledge of that history should not be
necessary to describe the snow for classification
purposes, T.e. a knowledge of hlstory sarves as an
ald to predictlon but Is not essential.
A classiflcation scheme provides the larmguage of snow
dascription., A fleld aorTented classiflcatlon system
should serve to describe snowpack conditions. HMeans
must be found to tie this to trafficabllity and

mebility.

6. Snow classiFicatlon research should focus on measurement of
Inittal amd ultimate compressive and shear strength of

snow in various conditlons 1o allow for a proper descript-

J— e —
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ion of the material compatible with trafficabil ity
requirements. This Tatter aspect requires considerable
research and discussion to arrive at a mutually
acceptable set of criteria - i.e. acceptable to all

sagments of the user, designer, developer population,

7. The central objective of research inte the mechanical
performance characteristics of snow, and the relevant
properties of snow, should be te relate snow classes to
vehicle performance in quantltative terms 50 that a
knowledge of the snow condition would ensble the
reliable prediction of 'go' or 'no-go' for a given
condition, A more useful capability would be to
produce the sltuation which would permit prediction of

the amount of drawbar pull that might be generated.

8. The lead conditions that need to be fnvestligated must
include rate effects, repetition of loads, load beundary
simulation identified with the various load traction

devices employed on present snow vehicles.

9. Hote that the present yield/failure criteria available and
used, €.g9. Mohr-Coulemb, pay no attention to strain at
failure or yield. In addition, they are applicable only

to no-volume change materials.
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