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mxEuoRD

Soilsare sub$ectedto classificationin orderto p-de a generalconcept
of the engineeringcharacteristicsof foundation,embankment,and filter
materials. In the preliminarydesisn st-e6e,classificationprovidesguidance
In 10C8t@J areas for detailedsubsurfaceexploration,and In selectingre-
presentativesamplesfor the more cauplexdesigntests such as shear,con-
solidation, Cmpaction, bearing,permeability,end Neu. ~P=P=$m3*
fhal dmi~, cleasiflcaticmpermitseatablislmeatof aoll profiles,the
locaticmmd limits of und8sirdb =tetiS16 aad potential borrow areas, end
the criticalfoundaticaconditionwhich @verne the dCLSi@.

DuAns ccmatructicmoperatiam, classificationprovidesa means of eval-
uat~ end CCQt~~ the quality of foundationend borrow materiels.

Ccapliencewith this standardwill prawba uniformityin soil clasaiflca-
ti- tesmlnolqy, test PTOCedU?W , end tirpreteti~ of =s~ts . *
standerdwIU also previdea cm= basis for describingsoil conditions
tb8t CSn be _BtOOd by both d.eSi@3i end C&_i= @@.llM!TS .
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1. Smm

Tus standardeatablishm criteriafor the classificationof soilsby the
UnifiedS00 Claz6ificationSyztem,includingclazaificatioaof frozen zoilz.

me iszuea of the follouinsdoamanta in effect 08 date of Iwdta%ioo for
bide tom a part of tbia staadard to t& ~ epacified hreilt:

Qov2mmTAL STAmLRm

Uilitcq

Nm-sTD421 - Test Mthod for PavwmentSubgrada,Subbeee,and
2eae-CourseNaterial.

3.1 Clazaiflcationeyztem. Soile se3.&ne.xietin nature separately00
mad, gravel,orauyother ai@ocmponent butereuzually fouudae mixtures
vith varyinsproportion of particlesof di~ sizes. Each c5pcment
ccdmibutea ita C~rietics to the miztu?e. Tlm unifiedCleaaifieatim
syztem iz baaed m those characteristics of the soil which indicatehou it

●
will behave 02 a coastruotitamterial. This zyateala a modification of
the orisiaal.Caee2rmde Airfield ClazniflcationSyztem. The followia2
propertieshave bean foundztoetuzefulIapredioting howamiluillbehava
22 a comtmctim ~el ml ccmeequently ‘fore tln besia of * Unified

SY8M. The propertiescan be ~ with very simpleteats cad, with
experience,cm be eetimateduith sme eccuryy:

Pammtuos of gravel, sand, MM fines (fimcticm peeing Ho. 2Q0 sieve).

Sham or the grain-alze dietributica curve.
Plasticityead mnpreaaibility chareetaxtatica.

\
Inthe UnifiedS9ztam,thet30illa sivenaaame wbiohiahteadadto baa
short description,md a lat. symbol which cmziate of X lattaraindi-
cating its principal~atica. T&ble I a~zea the zyztem,giving
thanllmM, letter zymnma,alld2eneral infomatial -the mile. Iatha
unifiedSystem,aoile are dividedinto coerze-2mMnad d fins-srdmed ma-
teriale. m Cmvmieme ~owti=~m==t =Msawa~~
Bo.200sieva ietemadc~Srdned, Oulauyzadl haviagaorethzam
perceatpeaeingthe Mo.200sievo iatemad fiae grainad.

1
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3.1.1 Coerae-gralnedsoils. The coerse-gralnedsoilsIncludegravels,
~~ s~a, s=~, U saudsSOUS. The letterG is used to indicatea e

gravel,and the latterS ia used to indicatea send. Gravelis materiel
between3 inchesIn diameterand the Ho. k (4.7m.) sievesize,snd sand
is lzate* betweenthe Ho. 4 sievesise aud the Ho. 200 (0.074sm.) sieve
size. Uhare a mixtureoccurs,the primarFname is the pmdmlmmt freoticul,
aud the minor fractionis used es an ~ective. For exmpl.a, a sandy graval
wouldbeamlrtvre contdning moregrwalthanssnd. Ituillbenotadon
tb grain-sizediatrlbutiondlegram,tableV, that gravelis dividedInto
coarseaud floe,the division being at the 3/&inch sievesize. Particles
largerthau 3 Inchesin dlesbaterare termd cobbles. Sand is d.lvldadInto
coarse,tiun, md fine,the divisionsbeing at the No. 10 aod ko sieve
-sizes.

3.1.1.1 Coerse-grslnadsoilsvith a an.sll pa roentege of fines. When the
coarae+rainedsoilhas a small mrceateue of finessad is nomlaetic. the
shapeor the gral,n-size dlstribtiion+ detemines the sec&d lett6rto
be used in the eydml. A soil is consideredpoorlygradedIf the difference
in sizebetweenthe largestmd smallestgralnais small,that is, If the
slopeof the grain-alasdistributioncurveIs steepor if there is a de-
ficiencyin any am size of particlesgiYIw a characteristic“hmp” to the
STain-sizedlstributim curwm. TableV shossgrain-sizedlatributim ourvea
for typicalvail gradedend poorlygradedsoils. The letterP ia used to
indicatea poorly graded soil; for example,GP end SP indicatepoorlygraded
gravulsaud sands. Well-gradedSOIISera thosewhich have a reasonably
largeSpreadbs@een the largestand the finestparticlesand have no marked
deficiencyIn any one size. The letterW la used to indicatea wall-a @
soil; for example,(W Indicatesa vsll.grededgravel,and SW Indicatesa
well-gradedSaud.

3.1.1.2 Coarae-graiaad soilswith a ccmzldereblapercentageof fines.
Sande and gramls that have a crsmidereblePercentamofflna s or that ex-
hibitp.lsztiCi~are CIMSifled SCC- ~ the li~ti~ -t end p),SStiCit3?
ind= of the fracticmpeaslngthe Ho. 40 sieveusingtable III. The letter
M is used* indicatefinesvith littleor no plasticityas ~ or SK The
s@Ol M StSOdSfor fine+ralned SOi.bthd exhibitsfit-~ ChSTSCtel’iStiCS.

The latter C is used to Indicatefinesthat exhibitplasticityes GC or SC.
The symbolC standsfor fine-greinedSOILSthat exhibitclay-likecharac-
teristics.

3.1.2 Flne+rdnad matetiale. The fine-grainedsoilsam not ditided
accordingto grain sizebUt sCC_ tO flaatiCitYend ccmpreasibility.
Table III shws a plot of @aetlcity Indexv8rausI.lquldltit, end ia used
in establishingthe group zgmbtifor fine-grainadsoils.

—

2
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3.1.2.1 ML end MH groups. The symbolsL andH representlow end high
ccmPrassibilitY,end an arbitrarydividinglinebetweenthe two is setat
e liquldI.initof 50. Tha ten “compressibility”impliesvolumechange,
shrinkingduringdryperiodsaud swellingduringwet periods,as well as
c&solidrAicmunderload. Therefore,the soilsin theML grouparevery
finesendsor inorgeniceiltawith relativelylowplasticity.Also in-
cludedare hSSS-tYP4 SOfiS end rock fhlrE . Mlceceousend diatcmeceoue
so~e generallyf- ~thln the ME groupbut may -d into the ML group
when their llquldllmlt is less than 50. The same is true for certaintypes
of kaolinclaye that have low plasticity.

3.1.2.2 CL endCS grape. In thesegroups,the symbolC standsfor
C@T* ~th L -d H ~ot~ low or ~sh cmmmibil.ity as describedin the
precedingparegraph. The soils are primarilyInorganicc-e. Clays with
llquidlimitsbelow 50 are classifiedas CL end are usuallylean cleys or
saudyclqs. C&c with liquidI.lmltaof W end abwe are classifiedas
IX. These Includethe fat c-s, gumbo clays,volcanicCIWS, and ben-
tonlte. The glacialclws of the northernUnited States cover a tide bend
inthe CLend Regroups.

3.1.2.3 OL end OH @ZO@S, The soils in the OL and OH groupsare charac-
terizedby the presenceof orgenicmatter,hence the symbolO. Organic
siltsand clays are classifiedin these groups. The materialshave cms-
parativelylow plasticityindexes. The variationwith liquidlimit
correspondsto the m end Bm groups.

3.1.3 Xiscellaueouesoil materiels. Soils containinglargepercentegea
of fibrousorgeaicmatter such es peat aud partially decmposed vegmation
em designatedby the lettersymbolPt. In addition,cetiainsoilscontain
shells,concretions,cinders,end othernonsoilmaterielsin aufflcient
quantitiesto warrantthe Inclusionsof pertinentphrasesin their claeei-
flcation.

3.1.4 Frozensoils. Spaoielexpenalonof the UnifiedSoil Cleeslflcatim
Systemia raqulredforfrozen soilsbecauseof the conciseidentification
neaieclby scientletaand angimera. Identificationof seasonallyfrozan
Qoll or pmmfroe t accordingto atrnctural,tivizdmecausedby freezing
and ~, such ea “supraparmzfroet”or’“abm+l frost zone,” en Illua.
tratod in flgym 1, providm no Infoneationon those factorsof appearance
and pbyeicflpropertiesthat am eeaentialg@&m to the natura and be.
~tiO% ,Oftb s@@8itii3ti th9 f?OZGSlBtate and tO thrsch~a thatnay
ocoarupon thawing. AIQo, moh identificationin not applic~le to specl-
EIina&oaQa intho3abor13torg. ‘lhwef%ro,a frozenaeil descriptionand
OMOniflcatioisnyetas3that la m@mdent of tho geeloglcbiatorgor Eod@
of originof’tlvaeieteri~La.naeda+.1.fillssystemshouldalso M capable
of expansionor coatractlonin ordarto provldaany desireddegreeof detail.

3
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The systemdescribedhereinaffordsthreecharacteristics.The systemcan
be usedulth any type of samplesthat showthe naturalstructureof the
materiel,such es epecimensrecoveredfrm drillholes or test pits, or
frozenin the laboratory. It w scmetimesbe fomd that a slightly
differentclassificationwill be assignedif the materialis inspected10
full face in a test pit as c~ered with a smallsampleremowedfrcssthe
samelocaticm. This till generallyhewe littlepracticalsigniflcsmce,
althoughteat pit inapectlongiwesthe most valid results.

4. GlmsALI@JImmm

k.1 Identiflcatiasfranlaboratoryresults. In the usual operation,
samles of the soilsare obtaimeddurimzthe soil survuyand are testedin
the leborato~ to determinethe propertiesused to claanifythem. The
prlncipeltests are the ssechaoicelanalysis,liquld15mit,aud plastic
limittests. These are used for all soilsexceptthose in the Pt group
whichare identifiedby visualexamination.With the percentagesof gravel,
mad, end finesend the liquldlimltend plasticityindex,the group symbol
can be obtainedfmm the chart in tableAN by followingthe tieglmud-
frcmtop to bdttcm. For thegravels aud aandacontdning 5 percent (or leas)
fines,it is necess~ to studythe shapeof the grain-sizedistribution
curveto establishwhetherthe materielis well gradedor poorlygraded
(see3.1.1). Also, forthe fine-gralnedeoileit is necessaryto plot the
liquidlimitandplasticityindexin tableIIIto establishthecorrect
ml. 0r8hc siltsOr clays(OL”andOH) era subjectedto I.iquldand
plasticlimittestsbefore end after oven-drying.An orgeoicsiltor clay
will showa radicaldrop in theselimitsby oven-drying.An inorganicsoil e

will show a slightdrop thatwill not be significant.Where there is en
appreciabledrop,the valuesbeforedryingshouldbe used when the claasifl-
catim is determinedfrom tableIII.

5. mPAIL REQiJIRmRiTs

5.1 Characteristicof unfrozen soil groups partinent to roada and eir-
fields.

5.1.1 General.Thepropertiesdesiredin soilsforfoundationsunder
roadsand airfieldsend forbasecoursesunderflexiblepevementaare:
Adequatestrength,goodcompactionch.aracterlstics,adequate@rainege,re-
sistanceto frostactionin areaswhere frostis a factor,end acceptable
Ccamressionandaxpaosionctiacteristics.CertainOf theseproperties,if
inadequatein the soilsavailable,maybe suppliedby correctconstruction
methods. For instance,materialshavinggooddrainagecharacteristicsare
dasireble,but if suchmaterialsarenot atileblelocally,adequatedrdnege
mqqbe obtainedby Installinga correctlydesigned,water-collectingsystem.
Strengthrequirements?orbase-coursemstoz’lalato be usedimmediatelyuuder

&
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● wwnents of a flexible paveman t structureare high, end only good-quality
materielsare acceptable. However,lW strengthsin subgradematerials
~ be ccmpsmeatedfor in many casesby increasingthe thicknessof over-
lying concreteIIIrigid pavaxnent or of base materialsin flexiblepavement
construction.While the correctdesign of roads end elrfleldpavements
requiresthe evaluati= of soil propartiesIn more &stallthsm la poesible
by use of the generalsoilsclaaeiflcationsystem,the grouping of soils
in the claeniflca~lcsisystemprovi&e a generalIndicationof theirbe-
hevior in road and alrfleldconatructlon.

5.1.2 Featuresshownon eoi.leclaesiflcationsheet. Ganerel character-
isticsof the soil groupspertinentto roads end eirfleldaare presentedin
tableV. The variousfeatureapresentedare discussedin the fol.lowlng
paragraphs.

5.1.2.1 Subdivisionof coarse-6rdnedsoilSrOUPS. m tableV, col~ 3,
(letterqmbols) the basic soil groups,W and S14,have each been subdivided
into tvo groupadee~ted by the suffixesd and u, which have been chosen
to representdesirableaud lees desirable(undesirable)base and subbase
materials, respectively. This subd.ivlsionappliesto roads end airfields
cailyaud is baaed on field observationend laboratorytests on the behatior
of the coils in these groups. Basis for the subdltisiouis the liquidlimit
d plasticityindex of the fractionof the soilpaesdngthe Ho. h sieve.
The suffixd is used when the liquid llmit is 25 or less end the plasticity
index is 5 or leas; otherwise,the suffixu is used. Typical.s’ymbolafor

● soileIIIthesegroupeareGM endBMu,etc.

5.1.2.2.Value Of SOi.~8SS SUbgZ=dSor subbasematerials.The desctiptlms”
In t~le V, COhllllS7, 8, end 9 givea generalI.ndlcatlonof the suitability
of the soil groups for use es subgrede,subbase,or base materials,provided
theyarenot sq6i0t tQ frost action. In em= *re frosthea* is a
problsss,the value of materialsas subgradeeehallbe x-d=ed, dependingon
the potentialactionof the material,es shown in col- 3.0. Correctdesign
proceduresshmld be used in aituatiom where this is a problem. The coarse-
grdned soils in generalmake the best subgrti, subbase,and base material.e.
The @l grouphas excellent quaMties ae a sub- eud subbaseand is good
aa a bate material. The ndjeotiw “excellent”is not used fOr SIW of -Se
aolla for @tis&courses; It is considered that the adjective ‘excellent”
should be uied in tiferenceto a blghqualltyproceaaedcrushedstone.
Poorlygradedgravelsand scatssIIW gravels,groupe6P and GMd, are ncm-
Z, ~eightly less desirableee eub~ or subbasematerials,and

~Q ccaulitionsnay * used as base materials. Hoaayar,
poor imadntl= end other factorscould reducethe value of these s011sto
mch ent.entthat they offer only iaodsratsatrawth and thereforetheir

5
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valuees a base materielis questionable.The (MJ,OC, endSW groupsare
reasonablygoodas subgredeor selectmateriels,but aregenerallypcmr a
to not suitableas bases. ‘TheSP andSMd soilsusuallyareconsideredfair
to goodsubgredeaudsubbasemateriels,but in generalarepoorto not
ewitebleforbasemateriels.The fine-greinedsoilsrangefrasfelrto
=W -r stigradamaterialsas follows:Siltsendleanclays(XLendCL),
fairto poor; organicsilte,lean organiccleys,aud micaceoueor diato-
maceoussoile (OL end ME), poor; fat clays end fat organicclays (CH aud OH),
poor to very ~r. These qualitiesare caspensatedfor in flexiblepave-
ment ~esignby Increasingthe thicknessof overlyingbase materials,end
in rigidpavwmentdesignby increasingthe pavementthickneesor by the
additionof : %se courselayer. Hone of the fine-grainedsoilsera suit-
able es subb~ ::swnderbituminouspavements,but soilsin the ML smd CL
groupsmay be used as selectmaterials. The fibrousorganicsoils (group
Pt.)are very poor subgredemcteriel.sand shouldbe removedwhereverpossi-
ble; otherwiee,speci~ constructionmeasuresshouldbe adopted. They are
not s~uitableas subbaseend base materials. The CSR valuesshownin column
L5 give a relativeindicationof the strengthof the varioussoil groups

t design.n~ used in fltible pavemen Siuil.arly,values of s.ubgrademodulus
(k) in column 1.6are relative indications of strengths frcm plate-bearing
tests as used in rigid pavement design. As these tests are used for the
deBign of pavenents, actual test val+es should be used for this purpose
instead of the approximate values shown in the tabulation. For wearing
surfaces on unsurfaced roads, send-cl~-gra=.~elmixtures (OC) are norsmlly
cccmidered the most satisfactozy. However, they shouldnot containtoo
largea per:enteg?of finesend the plasticityindexshouldbe in the range
of 5 to about15. .. @

5,.1.2.3Potentiaifrostaction. The relativeeffectsof frostactioncm
the varioussoil groupsare shownin tableV, column10. Regardlessof
the frostsusceptibilityof the varioussoil groups,1two conditionsmust be
presentsimultaneouslybefore frostactionwill be a!s%lorconsideration.
Theseare a sourceof waterduring the freezingperiod end a sufficient
period for the freezingtemperatureto penetratethe gpmd. Water neces-
saryfOr the formationof ice lensesmey becmue availablefrm high grcnmd-
water table,capillarysupply,water held withinthe soilvoids,or through
inflltratias.The degreeof ice formationthat will occur isiany given
case is markedlyinfluencedby entironmantalfactorseuch as topographic
positica,stratificationof the parentsoil,transitionsinto cut sections,
lateralflow OF water frasside cuts,locelizedpocketsof petihedground
water,end drainageconditions. In genera, t@ siltsend fine silty
sendsare the worst offendersas far as frostis concerned. Coarse-grdned
materialswith littleor no finesare effectedonly slightlyif at all.
Clays (CL end CE) are eub$ectto frostaction,but the loss of strengthof
suchmaterials~ not be as greatas for siltysoils. Inorganicsoils

6
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e
containing less th~ 3 percent by weight of grains fi.nerthen 0.02 mm. in
dia2eter es-egenerally nonfrost-susceptible. Where frost-susceptible soils
are encounteredin subgradesand frost is .sdefiniteproblem,t;o acceptable
methodsof desi~ of pavementsare available. In one a sufficientdepth
of acceptablegrsnularmaterialis placed over the soilsto prevent freezing
in the subgredeend the consequentdetrimentaleffectsof frost action. In
the other method a reduceddepth of granularmaterielis used, thereby
allowingfreezingin the subgrede,end the design is based on the reduced
strengthof the subgradeduringthe frost-meltingperiod. In many caaea,
appropriate-W =asWs to Preventthe accumulationof water in the
soil pores help to diminishice segregationin the subgradeend subbase.

5.1.2.~ Cmnpressibilityand expansion. These soil characteristicsmay be
of two types insofares their applicabilityto road and ~ dasi~ is
concerned. The first is the relativelylong-termccsupressionof consolida-
tion under the deed weight of the structure,end the secondis the short-
tens compressionend “ieboundunder movingwheel loads. The long-terncon-
solidationof soilsbeccsnesa factorin designprharlly when heavy fills
are made on canpressiblesoils. If adequateprovisia is made for this type
of settlementdwrlngconstruction,it will have little influenceon th6
load-carryingcapacityof the pavament. However,when elasticsoils sub$ect
to compressionend reboundunderwheel load are encountered,protectionmust
be ptided, es even smellmovementsof this type soil may be detrimentalto
the base end we+rlngco~se of pavements. The free-drtining>Coarse-gralned
soils (GW, GP, SW, end 9P), which in generalmake the best subgradeand

● subbasemateriels,exhibitalmostno tendencytowardhigh compressibl.lityor
expansion. In general,the compressibilityof soils increaseswith
inereeaingliquld limit. This is not ccispletelytrue, es.c~ressibil$ty
is also influencedby soil structure,grain shepe,previousloadinghietory,
endother factorsthat are not evaluatedin the claasiflcati~ system.
Undesirablecmseibillty or expansioncharacteristicsmay be reducedby
distributionof load througha greaterthicknessof overlyingmaterial.
This, in general,la adequatelyhandledby the @It method of design for
flexiblepavements;however;rlgldpavementsmay requirethe additionof
en acceptablebase courseunder the pavement.

5.1.2.5 Drainagectmrecteristica.The drtinegecherecteristicsof Soiie
are a directreflectionof theix penneebillty. The evaluationof drainage
chaxeeterieticsof soils for use in roads and runwaysis shown in teblsv,
colwm 12. The presenceof wieture in base, subbase,end subgredematerials,
=* b m-~, co=se-sr- soils,meY cause the develqsesntof
pore-waterpresauma emd loea of etmngth. Yhe moisturew ccsse_ in-
filtrationof rain mkm, or by capillay rise fnm an mderw water
table ● while free-draining materiels mmait rapid drainix of water, tkey
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penuitrapidingressof water elsd,end if suchmaterialsare adjacentto
lesspervlouematerielsend have free accessto water theyx servees
reservoirsto saturatethe lessperviousmateriels. Therefore,in most
inataucesadequatedrainagesystemsshouldbe provided. The gravellyend
SSUdYSoileWith ~ttie or no fhes (SZ’OUPSW, GP, SW, and SP) haVS
excellent&elnege characteristics.The GM and SMd groupshave fair to
peer drainagecharacteristics,whereasthe Qiu, GC, SMu, end SC groups
~ be practicallyialpervloua. soilsof the ML, m, end Pt groupshave
fairto poor drainagecherecterlstics.All of the othergroupshavepoor
~ characteristicsor era practicallyimpervious.

9

5.1.2.6 CUSPactionS!qU@nellt. The caspsctionof soilsfor roadssad
ND-S Y e~cl~ for the latter,requiresthat a high degreaof density
os attainedat the the of constructionin orderthat detrimentalconsoli-
dationwill not takeplace undertraffic. In addition,the detrimental
effectsof water era lessenedin caseswhere saturationor ,mearsaturation
takesplace. Processedmateriels,suchas crushedrock, are oftenused es
a base courseand suchmaterialsrequirespecialtreatmentin ccsspaction.
Types of compactionequipmentthatwill normallyproducethe desiredden-
sitiesare shownin tableV, column1.3.Severaltypes of equlwent are
listedfor scsseof the soil groupsbecausevariationsin soiltype withina
givengroupmay requirethe use of differentequiprait. In scawcasesmore
than one type of equipsentmay be necesscu’yto producetha desireddensities.
Steel-wheeledrollersera reccavsendedfor angularmaterielswith limited
amountsof fines,crawler-typetractorsor rubber-tiredrollersfor gravels
aud send,end sheepsfootrollersfor coarse-greinedor fine-grainedsoils
havingthe saw cohesivequalities. Flubber-tiredrollersare also reccss- a
mendedfor finalcompactionoperationsfor most SOQ8 exceptthoseof
bi@ llquidlimit (group,H). Suggestedminimumweightsof the various
typesof equipmentfor eirfleldconstructionare shownin note 2 of tableV.
In column14 are shownrangesof uoit dry weightfor soilsccmpactedaccord-
ing to MIJAVrD-6~, method100, caspactioneffortCl!55. Thesevalws.are
includedprimarilyfor guidance;designor controlof constructionshould
be baaed on test resMs.

5.g characteristicsof unfrozensoil grOups~rtinent to asbenkmantsand
flxl!uhtions.

5.2.1 General. The majorpropertiesof a soilproposedfor use in au
‘~ankment or foundationthat ere of concernto the designor ccmatructicn
engineerera ita strength,permeability,consolidation,expeusion,d com-
pectiohcherecterist~cs. Other,featuresw be invimtigetwifor a specific
problqp,Wt M ““general “sc& of ~ of .’theproperties.~tioned aboveare
of p@ma+y “importancein’sh“eimthembtint or foundationprojectof say
@t- . It is ccessonpracticeto evaluatethe propertiesof the soilsin
qwstion by meaus of laboratoryor field.tistsend to use the resultsof

8
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e such tests 8s a beeis for desigsend construction.The factorsthat ln-
flwnce strength,consolidation,end other characteristicsare nIsnerouzend
some of them are not completelyunderstood;consequently,it is impractical
to evaluatethese featuresby means of a generalsoilsclassification.
However,the aoll group8 in a given classificationdo have reasonablyslm.i-
lar behetiorcbarecteriatica,aud vbi.lesuch infonzationia not sufficient
for dealgnpurposes,It till give the engineeren indicationof the behavior
of a soilwhen wed se a componentin construction. This is especiallytrw
in the prel.blneryexemlneticmfor a Prc@3ct when neithertime nor money
fora detailedsoilstestingprogramis available.

5.2.2 .Limitatione.only generalizedctiteristics Of the soil grOUFS
are includedin this standard,snd they shouldbe..ueedprlmerily8s a SU’.de
end not es the caepleteeneverto a problem.1 Po? example,it is possibleto
de8ign end constructen earth embankmentof @most w typo of soil ~. upon
practicallyany fouodetion;this ia in eccon+encewith the worthwhileprin-
ciple of utllizlngthe materielsavailablefor construction.However,when
a choiceof materialsis possible,certainof\theavailablesoilsx be
better suitedto the #ob then others. It is m this beeis that the ~ebavior
characteristicsof soils are presentedin the ‘follovingperagrapheendon
the classificationsheet. The use to vhich a structureis to be put is
no=@Y the priwipd .@citinsfectorh tm se~ion of SOfl tYI=S * ~
8s the type of protectivemeasuresthat vlll be utilised. Since each struc-
ture is a specialproblem vithln itself,it Is impossibleto ck all poe-

● siblisconsiderationsIn the descriptionof pertinentsoil cherecterlstics
Containedherein. ——_

5.2.3 Featuresshovn on SOILSclezslflcationsheet. Generalcharacter-
isticsof the soil groupspetiinentto awbenkments end foundationsare pre-
sentedIn table YI. The -,puz featuresare discussedIn the fdlovlng
~w~ .

5.2.3.1 Suiteblli@ of solle for embankments. Threemajor ret- that
influencethe aultebilityof-soilsfor use In embankmentsare permeebili~,
s-h, and ease of costpecticm.The gravallyand saudy soilsvlth little
or no fines,groups~, GP, SW, end SP, are stable,pervlQus,mui attain
good cqtion vlth crewler+pe tractorsaud rubber4irad rollers. The
pwrlY-sre@d ISS-elS w not be @te 8S desirable8s those vhich em veil
graded,but all of the materielsare sultsblefor use in the perviow see-
tione of earth -ankewnts. poorly-gradeds- (SP)MY be more diffiewlt
to utilizeand, * general,shouldhave flattere8benheentelopeathem the
Susoile. Thegravele ends* vith fines,groupe,m,m,sn,endsc,
lhm vsudablechareeterietlca@endlns Cslthenatum of the fine freotion
end tlm gradationof tha entire sample. These materielsera often ewffi-
Oielmpervlone amdetableto bewsedfor ~ouesectione of~-
nente. 7he soilsin these groups showldbe carefullyexeminedtoinawre

9
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thatt~byarecorrectlyzonedwith relationto othermaterialsin an e&@.nk- e
ment. Of the fine-greinedsoils,the CL group is be8t adaptedfor embankment
construction;the soilsare Impervious,fairlystable,end glvQ fairto gcod
C=’mdim tith a shaepsfootrolleror rubber-tiredro~er. TheMS soils,
whilenot desirablefOr rolled-fillconstruction,may be utilizedin the
core of hydraulic-fillstructures. Soilsof the ML groupmIW or mey not have
good crsspactioncharacteristics,.ndin gx$nerslmustbe closelycontrolled
in the fieldto securethe desiredstrength. (Xlsoilshave fair stability
when used on flat slopesbut have detrimentalshrhkege cherecterlstics
whichmay necessitateblanltatingthem or incorporatingthem in thin interior
coresof embemknmnts. Soilscontainingorgeuicmatter,groupsOL, OH, and
I%, are not comonly used for embankmentconstructionbecauseof the detri-
mentaleffectsof the organicmatterpresent. Such materialsmay oftenbe
utilizedto advantageIp blauketsand stabilityberms where strengthis not
of Importance.

5.2.3.2 Permeability and seepage control. Since the permeability (table
VI, column B) and requirements for seepage control (table VI, column 12) are
essentially functions of the same property of a soil, they will be discussed
Jointly. The subject of seepage in relation to embankments and foundations
may be roughly divided Into three categories: (1) aeepege through embank-
ments; (2) seepage through foundations; and (3) control of uplift pressures.
These are discussed in relation to the soil groups in the following paragraphs.

5.2.3.3 Seepeg e throughembankments. In thecontrol of seepagethrough
embankments,it is the relativepermeabilityof adjacentmaterialsrather
thanthe .Sctualpermeabilityof such soilsthat governstheir use in a sIven e

location. An earthembankmentIs not watertightaud the allowablequantity
of seepagethroughIt Is largelygovernedby the use to whichthe structure
Is put; for.example,In .aflood-controlprojectccemiderableseepage~. be
allowedand the structurewill stillfulfillthe StOXVA@zwquiramants,
whereasfor an irrigationprojectmuch less seepageis allowablebecause
pool levelsmustbe maintained. The more impervioussoils (Q4,Gc, w, SC>
CL, ME, end CE) may be used In core sectionsor in homogeneousembankments
to retardthe flow,of water. Where it is importantthat seepagenot emerge
on the downstreamS1OPSor the ~ssibility of drawdownexistson upetream
slopes,more perviousmaterielsare usuallyplacedon the outer slopes. The
coarse-gralned,free-drabingsoile (H, GP, SW, 9P) are best suitedfor
this pyrpose. Where a varietyof materialsis available,tlwy are usually
gradedfhYU leastpervlouato more pe~ouz fruu the center.of the ~enk-
ment outunrd. Cave shouldbe used in the arrSngementor Mterlals in the
mbnkment to preventpipingWithinthe section. The foregoingStateelente

\ do not precludethe use of otherermngamants of mstarialsin embankments.
Dema havebeen constructedsuccessfullyentirely~f ‘saud(SW,SP, S@ or
of silt (MJ with the sectionmade large enoughto reduceseepageto au
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● dlowsb.e valuewithoutthe use of an imperviouscore. .ofarse-grainedsoils
areoftenwed in &sins andtoe sectionsto collectseepagewater in down-
streamsectionsof embankments. The soilsused will dependlerselyupon
the materielthat they drain; in general,free-drainagesauds (SW,SP) or
~vela (@J,GP) are preferred,but a silty send (S@ nap effectivelydrain
a Olay (CL, C@ and be entirely satisfactory.

5.2.3.b Seerm8athreugb foundations. As in the case of eabau10mnt8,the
use of the structureinvolvednormalXfdetenmineathe amountof saelwute
controlnecessaryin foundations. C&es couldbe citedwhere the % of
water througha perviousfound&tionwould not constituteen excessivewater
loss and no seepsgeccntrelmeasureswouldbe necess~ if sdaqueteproti-
aicllewere ma$e e@nat piping in criticalareas. If see- controlis
desired,then the mozw pervioussoils are the soils in which necesearymea-
suresmust be taken. Pree-draininggravels,(~, GP) era capableof cerry-
ing considerablequantitiesof water, and scmemeans of pot3itivecoqtrol
such as a cutofftrench~ be necessary. clean sends (SW,SP) q be con-
trolledby a cutoffor by sn upetreemimperviousblanket. While a drahage.
trench at the downstreamtoe or a line of reliefwells vill not reducethe
saiouutof s~, eitherwill serveto control”seepese.- ~~ tw ~
into collectorsys~ where it can be led awsy harmlessly. Slightly18.Ss
pavioue matetiel,such as silty gravels(Qf),silty saodi (S@, or”silts
(~), x requirea minor amountof seepagecontrols~h - t~t “affotiw
by a toe trench,or if they are sufficientlyimperviousno ccatrolW be

●
necess~. Tha relctivalyimpervioussoils (GC,SC, CL, OL; ME; C& qml 01$
w- -s such 8 smellvolume of water that seapesecontrolmeesvresare
not neceasery.

5.2.3.5 Ccatiolof @ift preisuree. The problemof controlQf uplift
pmsaureg is directlyassociatedwith p%~oue foundationsoile. ?pli~
pres6ures~ be reducedti ~unS t~ peth of SK+@ (by a mtqft
or,~ream blenkst) or by measures for presaurcreliefin the fom of
wllc, drainagetrenches,&aimx3e blcukets,or perviouedownstreamsliel18i
x-drdning &’&ale (Gu~GP) may be treatedby q of the cforsmenti~
preceduree; ~, to obtainthe dSSi?Cd@l’WSUM relief, t@ uS~ of “’a.
poaitimccutoff~, be preferred,as blanket,well, w trssIc@Inatallat$q
Wuuld pr@ab3y have to be too ~im for economicalaec%
dasired“i’esum!. Free—dminhg muds (SW,6P) ere gemmlly
- ~ ~ d, saqI&?snt&, * mmmm of water that Rw3t:bkYcom-”
&alldi for prgmsurereliefin usuallyLsen: flssreforea pocithm mtgf%’
~xwtberequiredandan~ blaaket;wlls, ora Vastre@hm@. ba
QntirolyOffectiva. In Scs?@C&wa a cosMEstion of bled!t Q@ ‘krsinoq,e<
lmllsl%wbadadmbleo siM&y4?oilo- S$iatygramla (G@, aiLty 81@aS(S&&
WA‘Qin13(ML)‘- UcLmllydo Mb miqlaim-i%! ‘dlTeE4tiqept;13’toe”%
tr%nchor,wu L3yata~ M Qufmcie=% to reducaQ@ift Ps@3mre’o. .- Smra
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Irspstioue silty materialsmy not be pexmeableenou@ to petit dengeroue
upliftpresinwssto dswelopnodin suchcasesw trashent is imdicated. o

In general,thelesspervioussoils(GC,SC,CL,OL,MH, CH,andOH) ~u.ire
no treatmentforcontrolof upliftpresmrea. However,theydo eseumeh-
portencewhentheyoccures a mleti-ly thintop stratumoverWre Pe-oue
materiele.In suchcaeee,upklftpreesuresin the lowerlayersactingon
thebase of the hpervioue top stratum can cause heaving end formationof
boils;treatamntof the lowerlmr by se of the methodsmentionedabove
is usunllyindicatedin theee cases. Controlof upliftpreesureeshouldnot
be a@ied indiscAm.%atelyjustbecausecertrxktypesof soilsare encou!i-
tered. %thex, the use of controln.easuresAould be based up-cma careful
e.,-alustionm.-soutitionsthatdo or can exist,snd 9n eccriomica.1sOlut.iOM
that “wIllecccr?ish the desiredresultsshouldbe reecbed.

5.2.3.6Cmapxtioncharacteristics. The general ccmrpacticmchere&eris -
$iiJesGf ‘We TrariOue soi.1grows are shown in iable VI, column g. The eval-
w&has #@n amd the equi-t listec7are based cm averagefieldconditions
<Wre correrM moisturecontroland thiz?kmssof lift are att.tinedand a
i%%sc?wbzenumber of pasbs of the cem%acbkm equipm?akis requiredte secure
~,;~f.Aa#-%+ ,&~~**.&y:&..“ ~or lift comrtmc%ion of mh~;o ~ t!!esbeepsfeet
~w.&+LL,~5~m.d*K* ar-ti~d ro~er &W cmzawl Wed piaw S. . of ,.ouipmrlt . Seem

@n??nr%@s w l)c chiued f02 the sW-6~sf@Ytrc)llaria that it h8V0S a
mz~.hstifsc?sthat &.=forclsbetter‘be%&bq,b::w+nIiFts, sadi% kmeedsthe soil,
Flm s.ttforiing%t%er ~i sturedj.stfi~~+plen.Fmbbcm=-tiresi~ti~~t referred
to h the tablz is conzicieredto be heavilylosdedc~ac%ozw or eaz%h-notiag
r@,G@ml% Wi..zbz :.&i?&l=*A-A-2kid 9f 3-5,Coo13. If o?%”- w~~~~~.><%ze~
rsllarsareuwd forccmpact.ion,the thicknessof cczm~actedlift,is ysuelJ.y @
re~ucad~ about2 incline.&anuhr soilewithlittleor no finesgenerally
c~T:7 gc26 txi@a42~~on ehmsetaristics? +.ththewell-~admimatariels,(M and
S%,W- fwnishi~q.betterresults%hsntbspoorly-gradedsoils,GP wd 9P.
~,e s.~&ys~i~~fi ~~ CaSM ~ best capwted by crawler-$~-pe trSCtOrS;

on CM g?avelly materials, rubber-tiredequipmentsnd sometimesSb@btheSl

rcuers we .sho effecti7e. Coarsa-grainedsailswithfinesof lcs~plasticity,
~k.~s GM &d =, SW good compactionchmrecteristicswith eithershaep@ot
rollers“orkubber-tinedmcydipmant;Imwever,the remgo of moisturecontents
for efi’ectivaCcispecthnmay be very narrow,end closemoisterecontrolie
@eirmb2e. This is also generallytrue of the eiltysoilein the ML group.
Soilsof tneML groupw be compactedwithrubber-%iredeq~mt or titb
shsepefodrollers.Gravelsendsendswithplasticfines,groupsGC end
Sc, s~ f~r c~pwti~ c~ecteristics,titbousht~s q~ty w ~
somewhetwith the characterend amountof fines;rubber-tiredor sheepsfoot
rollersw be used. Sheepefootrollersaregenerallyusedforcaspacting
f%ie-grainedsoils. The compactioncheraeteris.ticsof suchmaterielsare
variable- leaaclaysend candyclays(m) being the best; fatc@fs and
leanorganicclnysor eilts(OLandC@ fairto poor; and organicor mica-
ceoue soils (ME and OH) usuallypoor. For most constructionprojects of
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. w.wit~e,iti. ~gWaesir.ble t.inwstig.te the.qactim.ma.-
teristicsof the soilby ne.?msof a fieldtest section. Rangesof unit
dry weight of the soilgroupsforthe standerdAASHO(Proctor)compactlve
effort(MLS-STD-621,method100,ccmpactiveeffortCE 12) are shown in
table VI, column10. It is emphasizedthat these values are for guidance
O- and design cw c~structi~ control.hotidbe based on laboratorytest
results.

5.2.3.7 Suitabilityof soils for foundations. Suitabilityof soils for
foundationsof embankmentsor structuresis primarilydependenton the
strength,expansion,and consolidationcharacteristicsof the subsoils. Here
againthe type of structureand its use will largelygwem the adaptability
of a soil as an acceptablefoundation. For emlwinnents,large settlements
may be e.llowedsad ccmpansatedfor by werbuilding; whereasthe allowable
settlementof structuressuch as controltowers,etc., may be small in order
to preventoverstressingthe concreteor steel of which th& are built, or
because of the necessityfor adheringto establishedgrades, Thereforen
soilmAY be entirelyacceptablefor one type of constructionbut ~ ~qulre
specialtreatmentfor other types. Strengthand settlementcharacteristic
of soils are dependentupon a number of variables,such as structure,in-
place density,moisturecontent,cyclesof loadingin their geologichist~,
etc., which cannotbe easily evaluatedby a classificationeystdmsuch es
used herein. For these reasons,only generelstatementscan be made se to
the suitabilityof the various soil typee as foundations;this is especially

In general,the gravelsand gravallysoils
● t% a %~~~~ Yti;earing capacityand undergolittleconsolidation

under load. Well-gradedsands (SW)usuallyhave a good bearingvalue.
Poorlygraded sends and silty sands (SP,S24)may exhibitvariablebearing
capacitydependingon their density;this ie true to some extent for all
the coarse-grainedsoilsbut is especiallycritical’for ‘uniformlygreded
soilsof tbe SP endSM groups. Suchsoilswhen saturatedway become“quick”
andpresentan additionalconstructionproblem. Soilsof theML group~
be subjectto liquefactionandmay havepoorbearingc~pacity,particuhrly
whereheavystructureloadsera involved.Of the fine-grainedsoils,the
CL group is probably the best from a foundationstandpoint,but in sass
casesthe soilsmay be soft and wet end exhibitpoor bearingcapacityand
fairlylarge settlementsunder load. Soils of the ME groups end normally
consolidatedCR soilsmay chow poor bearingcapacityand large settlement.
Orgaoicsoils,CJLand OH, have poor bearingcapacityand uswdly exhibit
large‘settlementunder load. For meet of tae fine-greinedsoils discussed
above,the t~ of structurefoinhiationselected18 g.nwnmedby such fectore
as the bearing capacityof the coil end the magnitudeof the load. It ia
possiblethat simple spread f60tingsmight be adequateto carrythaload
withoutexcessivesettlementin many cases. If the soilsarepoor nnd
structureloadQ are relativalgheavy,then alternatemethods are indicated.

u
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Pile foundationsmay be necessaryin same cases,and in apacialtistances, e
particularlyin the case of some C!Eend OH soils,it may be desirableand
eccmamicallyfeasibleto ranovasuch soils frcmthe foundation.Highly
organicsoils,Pt, generallyare poor foundationmaterials. Thesemay be
capableof carryingvezy lightloadsbut in generalare unsuitedfor moat
conets’ucticnpurposes. If highlyorganicsoilsoccurin the foundation,
theymW be removedif limitedin extent,they~ be displacedby dumping
finaersoilson top, or piling~ be driventhroughthem to .sstronger
Iwr. l’rea~t will dependupon the 8tructureinvolved.

5.3 mwhi cal presentationof unfrozensoilsdata. Normallythe results
of soilsexpl,??atias are presentedon dravingsas schematicrepresentations
of the boringsor teat pits, or on soilprofileswith the varioussoilsen-
counteredshownby appropriatezymbola. As one approach,the groupletter
symbol(CL,etc.) suw be writtenin the appropriatesecticaof the log. As
as alternative,hatchingsymbolsshownin tableV and tableVI, col~ 4
may be used. In addition,the naturalwater contentof fine-gradedsoils
shouldbe shownalongtbe sidesof the log. Other descriptiveabbrevia-
tionsmay be used as deemedappropriate. In certainspecialinstancesthe
use of colorto delineatesoiltypeson maps and drawingsis desirable.A
SUSSOE~ Color sch=m to ~h~ the major soil group is describedin tableV
and tableVI, colunm5.

5.k Features of the frozensoil claasiflcatiasystem.

5.4.1 Partsof the system. The systemfor describingand claaei~ a
frozensoil is showo in tableVII. As indicatedin tableVII, colusm1, the
frozensoil is identifiedIn three stepsdenotedss perta I, II, and III.
Underpart I the soil phaae Is identifiedindependentlyof the frozenstate
in accordancewith the UnifiedSoil ClaasiflcaticmSystem,a smmary of
ubichis shownin tableS. Underpart11,the soilcharacteristicsre-
sultingfromthe frozenstateof thematerielareaddedto the soildescrip-
tion. Under part III importaotice stratafoundin the SOI+’- described.

5.4.1.1 Claesiflcaticaof frozensoil,~ groups. As shownin table
VII, columua2 and 3, underpart II, frozens%z are divlded\+ntotwo ma$or
-*S : Soils in uhioh segregatedice ie not visibleto the maidsd ‘@ye
@as.l@ationS$),and soilsin which segregatedice is visible(i@signationV).
Stnce,as till be described,ice ~rs exceeding1 inch in thicknessare
Mentifled separately,tha lattermajor groupingis applied0111.Yto soil
containingice lwrs 1 inchor leas in thickness. Frozen.s011sin tim E
srouPWU C~3 ou i~-ti~ by t- ~~ -, ~~ th prns=ce
of ice withinthe soilvoidsby cmstalline reflectionsor by a absen,on
fracturedor trinssedsurfaces;however,the appearanceis giventhat the
water has frozenwithinthe.originalvoidr?in the Sti, withoutsegregation.
Frozensoilsin the V groupgive the oppositeImpressl!xhand segregatedice
is visiblenot merelyas pinpointcrystallinereflectionsor a diffusesheen
but es’separateice inoluzioneof meezureblkdimensions.

14
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● 5.4.1.2 Frozen aoila In which segregated ice ie not vlslble. Az showo in
table VII, columne4 and 5 materialsIn which segregatedice is not tisible
to the unaided~ (deSi@18ti011~) are dividedinto two -s:

!K (icenonvisible;friable). This is poorlybowled or friable
materialin which s~aated Ice Is not vlaibleto tba mnidd
eye. This condition-ti-stawhen the _ Orsaturationi8
low. Thi8 type of frozensoil la illustratedla the lower por-
tioilofphotographslsllld20f flgumcl.
nb (icenonvisible;bonded). 5!hisie well-bondedfrozenaoll
la which tlm ice cm%e tbe rnteflalInto a bard ml.idmass,
but aesregatedIce 5.snot visibleto the unaidedeye. Soile
8bowlnsthis characteristicsue @neraUy at 4 moderateto bLgh
degreeof saturation. When at high degreeof mturat+n, they
may or may not containsubstantialquamtitieaof mlcros$-tic
a~@ed ice. 00 the baci$ Of &tailed examiaatiollaand teats,
this Subgrom m be furtbr ditided* the foUowhl ‘sub-
categorlia:

(1) Rbn (wlthoub axcesa ice). Ho segregatedice lapre82\
eithervisibleto the uueidedw or microacoplc. TMe ~
of frozenadl is Illustrated ii photograph i and 3, flgGe 1.

(2) Bbe (containaexceesice, microscopic). ‘Ibiscondition~
ooour in very fine sfityeands or coaraesiltsvbera excess Ice
18 ~sent but in ao miformly d+stributadthat it 18 not eaaily
~t to tha -dad eye. Amiable ~ may occur
in such soilsqon tbawlng. ‘FhiOtype of frozensoil la lllua-
trated In photograph4, figure1.\

5.4.1.3 Frozenmile In which ice ie vlaible. The soile in which slgoi-
ficautsegregatedice i8 visibleto the U dad eye (deaigmatlcclv) em di-
tidedlntotM follahg aubgrcape,6urengedapproximately in aeqaenoe of
iacreMlllg ice Coatent82 Camoxllyencomtor@

I
- icevisible;indltidumlice ~tala or Iaclualoos).
Vc ice vllllble;%Ce coatings Oa pa’ticlea) .

Vr ice Vlaible; raada or Irrc@arly Ori- ica formatlolw).
Va ica wlaible;●tratifiador clicpetly mlentad %08 fomatioaa).

Shavctype of froaaamoaiaaowll in ‘ 5, figure 2,vrtypeaof
frosealsoilaere iuuatrated in@wkgm@uW’7, fQmre3,audVatm aa
tipMosm@a 8,9, eadIo, figcra3.
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5.4.1.4 l@@cri@ion of substantialice strata. In tableVII, columns2 @
end 3,.underPert III, stubstantid ice stratagreaterthen 1 inch in thick-
ness are designatedsepsiratelyas ICE. In tableVII, columnsk end 5, the
identificationmay fell into eitherof the followingtwo broad categories:

Ice Plus SoilType (icewith soil inclusions).
Ice (icewithoutsoil lnclusiam).—

5.4.1.5 Identiflcaticaend descriptionof frosensoils. Fieldidentifi-
cationguidanceis presentedin tableVII,COIWZO6. - additionto deternsi-
naticnof majorgroupend subgroupIn accordancewithtableVII,columns2
through5, additionaldescriptivetermsenddatamaybe usedes indicated
therein.Someof the soilsfoundin penuefrostregionsmay .Ar.be described
in explorationlogsby specialterms(suchas “muskeg”) foradd$tionelchari-
flcation.Whenmorethanonesubgroupcharacteristicis presentin the same
materiel,multiplesubgroupdesignationsmay be used, as Vs, r. Pwtograph 2,
figure1, showsen exampleof frozensoil of the lattertype. When greater
detailend mere specific infonmstionis desiredthen is obtainablefrcm
visti inspection,physicalteats end szeaaurementsmay be performedon the
frozensoil as indicatedIn tableVII, column7. A camera,a smell-pwer
handmagnifyinglens, and pint-sizegraduatedjars shouldbe stenderditems
of fieldaquipnt for soil end surveycrews. To obtaina roughesthete of
the possiblepresenceof excessice, a simplefieldtestcanbe madeby
placinga lumpof frozensoilin a jar,allowingit to melt end visually
obse+ng the relativevolumeof supemataot or freewster standingabove
the soil af%erthe lmp was melted. ~ initiallyperformingthis testwith
specimensof knownice content,a basis for fieldjudgmentcan be established. e

Sinceproportionsof ice and soil~ vary widely,it may smMAmes be diffi-
cultto decidewithoutsuch a test whethera givenmaterialfells,for example,
in the categoryof frozensoilor of $ce with soil inclusions.MaterlQ c~-
teiningas muchas & percent(byvolume)iceendonlyZU percentsoilcan
scnmttisgivetbe appearanceof beingmostlysoil. Whenmoreexacte~u-
ationof presenceof excessiceis required,specimensmaybe thawedin the
laboratoryin conaolidometeraor rubbermembranes,or materielmaybe
thawedin placein the field. Onlyneededportionsof thedetailendda-
scriptfvematerialoutlinedin tableVII,columns4 end7 shouldbe used.
In many of the simplerengineeringapplications,only a few of the most lm-
portentalemantsneed be recorded. For some investigationsit mW be suffi-
cientto use the Sb desigo@ioa withoutbswdcdom intolibnor Hbe C8teg0fieS.
In otherapplicationsit might evenbe sufficientto use cmly the 1!end V
majorgroupdeaignatio~”,to indicatewhetheror not segregatedice is vlsi-
bla. On the ot~r hand,in many scientificstudiesvery detailedrecords
meF be nacessary.

ti
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5.4.1.6 TIMW characteristics. For engineeringpurposes,it is n9ceBmry
to know @athsr oigaifi~$mtsettlementwilltake place upon thawiagof Who
fkozen soil. If the zmountof icepresentwillproducemorewaterupoa
smltlugthencanbe heldin the voidsof the soil,thematerialis “the.w-
unsteble”to a degreethatis dependentuponthe amountof the excessice
endthe soildensity. If sllthemeltwatercanbe absorbedby the soil
~oids withouteigniflcentsettlement,the coil can be considered“thaw-
ateble.” TableVII, colusns8 end 9 presentguides for constructionon
soils subJectto freezingend thawing. R’ozen soilsdeelgnatedse Rf end
ItbrIare nornall.ythaw-stable;that is, no detrimentalsettlementof s%”uc-
twres would normallybe anticipatedif thawingoccurred. Frozen soils in
all other subgroupsare potentiallythaw-unstableend significant3ettle-
nent of structurm foundedthereonmey occur. lkozen op2sworkgra-el is *
specialtype of..materlalwhich often proves difficultto evaluateae to its
thsw-eettlozi+tp&ent:al. Althougheubatantialsmounteof pure ice are
apparentin the voide of such material,efficient point contactsbetween
~aticles ssw+exist to limit settlementon thaw to ~ninormounts. b
criticalcases,fieldthaw-settlement.tasts,usin3 loadedplates and S.3WA
kkr.wiog,my be %ecezeary. Frozenbedrock does not a2?Iayaprtrridea t>bcw-
safe foundatioa. Tbe?efore, when bedrockis encomter.edia s,pbfreszing
temrati=ee Y carQfuIObsemrationsShouldbe tie +-o&@tezmin$tk qv.ati%?
end.cxxleof occuzzrenceof all ice formationsin beddingple.iies,fissures,or
o-thorspeces.

5.k.1.7 Ice 0? water contentof frozensaturate~80%18. In ccmsideraticns
ip+~~!fi~~.zzn ~~i~s,-&e gener~~ >Ta.vtitics COS-WLIOXX2 .inciwk~ m3zttfiA.e

sfiturfa%bzl of the soil pbese end all of the wat~r frozen. For these coixU-

tione,and eesuminga epecificgravityof the coil particlesof 2.70,the
relationshipsbetweenthe unit dqy weighi-of-soil,‘a-kezCcr?kent,and ice
.~o~~e - sh~ in ta~leWI. This chartprcwttisan ~dien% me~aod
for the esthation of tha relationshipsbetweenthese Variabhs. Use of
the chart is indicatedby the followingexamplennd illustratedby linee
and arrowsin table VIII. Assume a spachen of frozensilt with exceseice
estimatedat a~-proximately60 percent. Baaed on the appe+nnce of the eilt
Is@re in the cored it is estimatedthat the normal dry unSt+@ght of the
siltIe 95 poundsper cubic foot. The chart is then enteredat..95pounds
per cubic fcd on the left end a horizontalline is eoctendedto tbq intersec-
tion of the sloping60 percent excess ice line. The totalporosityn, which
In this caee equalsthe proportionof ice volume of the total epcimen, is
then observed on the scale at the bottom of the plot (77 percent)1 The
Intersectionof the verticalline (77percentporoelty)with the/lCOpercent
saturationline Indicateson the left scalethe equivalentover~ dry unit
weight of the frozenepecizmn,i.e. ~ poundsper cubic foot. The curve in
table VIII marked “PercentVolume of Ice vs. Water Content”chows the
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relationshipbetweenthe water contentof a frozenspecimenend totalvolume a
of ice or porosity,n. For a porosityof w percentin the abovaexample,
the water contentindicate&by the rightscalewouldbe approximatelyllk
percent.

5.4.1.8@aphieal pre 13entationof men aoiledate. lronnellythe results
ofsoilaex@ Oretims are presentedon drawings as achazaticrepresentations
Of the ~ Or t88t pitS, with tbe ~OUZ SOi.lS811COUOte~ ShOWllby
appropriate-s. The reeoamendedproeeaurefor graphicalpresentation
of frozensoilclaasiflcationconsistsof showingthe applicablelettersym-
bols for t~ soilpbeee in accordancewith the UnifiedSoil Claasiflcatia
Wetem for unfroaensoils,follfmedby tbe frozensoil designation.An
illustrativeexampleof the use of the frozensoil cleesiflcetitmzystemin
a typl-m -ration I.osis diownin tableIX. For the purposeof easily
Identifyingthe frozensoil zones,a wide line is drawn down the left of the
-c los of the -loretim *thin the rensethat tbe frozenmaterial
occurs.

Custodiena:

Am&-m
Navy - XII

Army-m

Air Force - 01

Reviawactivities: Pro,jectno.HISC-0493

Amy-m
Air Force S

User activities:

navy - m
Air Yorce -11
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DESCMPTION AND CLASSIFICATIONOF FROZEN SOIIS

FmJRS 1. Illustration of frozen soil terminology.

DC~ONS OT sOIL AND OTNCR TZRMS ~ELATINO IO ?ROZCN GROUND ARXAS ●
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w-f-t -hi.. ..P*wr=-f-.C -d **
annual iro.t ..iu *r. 1d8.Ucal.

Xx... k.. 1.. im .xc..* d the tmcticaWIIM
~ r.tairud . . . . . . . lo th. ●il voids

w- ~*.

Fr..8 tibl.. ?tm .urfm.....mllr irr.wkr.
which,.p,,m.lau lh. l*VA ●t ..7 Uln. tri
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m.... .OIN. A rams. of d.#h .ithlm whichW
sO1lis1— Tb. frosam Wln -7 b

bwmddmb topamdba-bvd~ AL

., ●t tk MS * the m’awd ●rfae..
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-1’rK 1 N \l \l\l” II II
300

\

I ‘liquid sot.raiion” ~h \ N \ NIA \ 1
-.. +oftor thawing

++

120

100

ao

SOII assumed soturatad
011 water fromn.

I / \
t

Assumed 8p*cific gravity
oil, 2.70.
Heavy barsat loft side of

I indicofe nonnql mnqes of
~ty unit ~e,qhts without
,eqroqol ton.

I PERCENT VOLUME OF ICE

10 20 30 40 so 60

POROSITY, n.or
VOLUME OF ICE }

p.rcontogc of total volumo

SOIL ORY UNIT WEIGHT, ICE VOLUME, AND
WATER CONTENT RELATIONSHIPS

Tans VIII.
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10 20 30 40 so 60 70. #o

POROSITY. n,Or
vOLUME OF ICE }

~rcontage of total wolumo

— Soo

a– 200

— 2C0

— 240

— 220

z

— 200 g
s

— 180

— 460

--i

00

9

SOIL DRY UNIT WEIGHT, ICE VOLUME, ANO
WATER CONTENT RELATIONSHIPS

Tab VIII.
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DESCRIPTION AND CLASSIPTCAnON OF PROZEN !401M

Daptl
o.(

o.!

1.[

3.7

504

7.7

9.1

10.!

14.3

16. {

20. (

OL

ICE

MN
v?

=%=

SOILDZSG3UP710N I ICE TEATUR=

Orgcnic, sandy SfLT,not frOSOZI None

Brow% we31-graded.scndy
G~VEL, medfum compcct.
Iaoio%notfroscn

Brown we33-graded, ready
G+VEL, frosen.poorlykonded

None

‘No vhible se~regifioab OWllsl=
k3e * ice fikn on gravd ●1s0s

&d within lcrger voids
\

BTowm -eU-graded,ecady
GRAVEL, frmtm, well bonded

No\vlsiblesegregation

\
Stratifiedhorisontc3Icalances

Bbc% micaceous.scndySfLT. averaging4 inchesinhoricontd
froccn Z:j riE&:Az.’vc:’

kleexcessle..-Z*% oftoti
volume.&e lcaaeakcrh 03*ar,

I c010rle88. /
Ncr& dight3y cloudy, Colohma,

fcw scatterediaclusionaofsilty

DcrkkrownPEAT, froscn.
WC31koaded.highdegreeof
camcation

3As31Ckr-, S3LT,fiosca

nodrock. LualactOd mu
hp k footWOaacrcd

M 5% visikleice

hregulcrlyori.at.dkm lcMO*
cnd3cycrs +co*imcktklck0n
rcndom Pcttcm Crld q)pw 3
to 4 lack ●puing. Visikh lc*
- 104%of total v03mm0.xc.
moderately00f4poroao,
gray-wkltc.

1/16 imcb tkfckicolmcosh
5*curamt01&o& 3ki0bc&u

*~ okvadco 963. z ft

Tckla =. Example oftheuseof the fm=cm soil clcsdfication eycte

b twlod eaploratfon.

m
343-217 (A-S)

-—
*US wVrcNMcm mmna O?ncc: wv440a4n/7@,
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