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Period #5: Soll Casistency and Strtiare

A. Motivation:

In geotechnil engineering, waeed to determindné range of poterdi
behaviors o given soil typdased on only few simple tests. Typical
concerns arnhe following:

) soils myht shrink or expand excessively in an uncontrollednanner after
they’'vdbeen placed in géechnical structure(roadway subgrade
damsglvees, foundatiomaterials, etc).

1) soils mght lose their shear strength, andability to cary loads safely.

Tests used tetect potential mblems for coarse+gined soils (gravs &
sands) ardifferent than thos used to detect pential problems fo
fine—graied soils (silts & @ays).

Coarse—-Grainefoils:
water contd is generally noad major factor
major factoleading tosfrinkage is thestructure of the soil skelatn.

Fine—Grained @Is:
water comnt is amajor factor, especially wherhie soil contains secalledactive clays.

soilshrink ~ _ . @ils expand
gaintsength los strength
watecontent
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B. Structure of Clesionless, GranulaCoarse—Graineddis
When speakingf cohesionless,rgnular soils, ther are many possiltikes:

Soils wih angular grains:

=7 3

Looseangular soill Dense, angar soll

Soils wth uniform, roundedjrains:

£ 1383 Sooat

Haey—combed soil Square—packiegrains Heagonally packed gnas
vey loose (e > 0.90) loos€e = 0.90) densé = 0.35)
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» Soils in loose ohoneycombed stat@ese avoided, or copacted before
being beinguilt upon, sincehltey are prone to dsification when
subjectedotvibratory or shacloading (as fronearthquakes or
vibrating maadinery).

AH

e, .~—e ~
Ho 0 “max b ‘Hf

AH=H,e,~&) /(1 +¢)

» The relative looggess of a soil int$ natural, in—sittate is determimkeby
measuring/ coputing its relativedensity, D

[Recall thab = (e _~¢€)/(e .~ €.)]
* The smaller Dis for a given graular soll depositthe more prone thaoil deposit
will be to dendication and setdment.

 For uniform (poorlygraded) sphericgrained soils, théheoretical rangef void
ratios is 0.3% e < 0.90.
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 For nonuniform, wédtgraded soils, thpossible range ofoid ratios is muclsmaller.
well-gradd, subangular sand).35 <e < 0.75
well-gradd, silty sand: 0.25<e <65

* Thus the range oford ratios for welkgraded soils is ks than that for uform soils.

» This is why it isgenerally preferretb use well-gradedoils in geotechoal
applicationa as opposed to darm soils.

C. Consistency dfine—Grained Soils

*In Period#3, it wasliscussed that fer-grained soils havhigh SSA’s, andlectrical
charges otineir grains. Beause of this, finegrained soils, andlays in particular
can changgheir consistencyuite dramaticallyith changes in wat content.

* With increasing wadr content, fine—@ined soils tend texpand and losersihgth
as showm the diagram orhee following page.

« Each soil type willgenerally have diérent water contds at which it behaes like
asolid, semi—solid, plastic, and liquid. For a given sgithe water contdan that mark
the bound&s between thesmil consistencieare the so—calledtterbery Limits.

*In Lab experiment8 and 4, we will masure the Atterberimits of a given
fine—graird soil type. In geeral, thedtterberg Limits of fine—grained sits provide
a good deéaf information onthe range of potential behaviors a given soil mighshow
in the fi&d with variationsof water content.
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Volume, V

Soil Consistence

| Solid ‘ Semi-Solid ‘ Plastic ‘Liquid
‘ > W(%)
0 Shrinkage Plastic Liquid
Limit (SL) Limit (PL) Limit (LL)

1

€

e

Solid: soil is harcand brittle

Semi-Solid: soil has combinefrittle/ductile belavior (like stiff heese)
Plastic: soil has verductile, malleal® behavior (like Rly—Doh)
Liquid: soil behavelke a thick or thin viscous fluid
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1. The Plasticityndex or PI.

——> Plasticity hdex (PI) = LL — PL

——> This measueethe range of wate&ontents over wish a given soil can
pull wéer into its micro-structure, assimita it, and still atlike a solid.

——> Clay soils wth high SSA’s ana@harged particles M/be able to holda large
amounof water between gins due to theirlarge field and thpolar nature

of wadr molecules
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Charged soil grainwith polar water mlecules
between. Clay salwith high SSA’s ad charged
surfaces are able bind/ assimilatevater molecule
and the overall sbwill still behaveas a plastic
solid. Such soilsvill have high plascity indexes.

Soils with comparately lower SSA’s vll not be
able to bind/assintate water molecukand thus
will have much smédr Pl values.
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*The PI of a soll ishus a measure e activity 4 of the soil grais.
A =Pl / (% chy-sized fractionfosoil) , or alteriatively,
A =PIl / (% chy-sized fraction €’), where C~ 9.

*The activity A of afine—grained soitan be useful in ehtifying the typeof clay
contained in a $lo For example:

A
Montmorillonite 1-7
llite 05-1
Kaolinite 0.5

2. The Liquidity hdex: |:
» This is a usefulndex which can indiate potentially ustable fine—grainedoil deposits

|=(w-PL)/(LL-PL) =(w-PL) /Pl
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* In the field, an I<<1, indicates thahe soil has a viar content
much smallethan LL. Therefee the danger ofduefaction is notmhmediate.

* In the field as | => 1 the soil's \ater content is appaching LL. Whilesoils
with | => 1 could appeastable., they arenidanger of poteral liquifaction
if they ae perturbed by digtbances they coulgasily liquify and'muddy".

——> Clay sibs are often thixtropic. They canset" and appear sike.
Hwever, if they argerturbed, as by l@ driving, or by onstruction
egipment, or earthaqake loading, theyamn liquify.

. Conclusions

*For coarse—grainesbils, low D values indicate gentially unstablesoils.
*For fine—-grained sts, high | values indicate gentially unstablesoils.

* Note the similarityof purpose betweethese indices.



