53:030 Class Notes; C.C. Svan, University of lowa

Period #3: Particle Characteristics and Size Effects

A. Motivation;

* |n the presence of water, some clay soilsin pure form can greatly increase
in volume (expand, or swell).

* When water is removed from a clay soil (by drying), the volume can be
significantly reduced due to shrinkage. Thisleads to widespread cracking
in the soil.

*|n pure form, the most active clay soils can increase or decreasein
volume by afactor of over 15! But since pure claysrarely exist naturally,
most soils are not nearly that expansive or active.

* Nevertheless, active clay soils can potentially wreak havoc on engineered
structures by expanding and shrinking somewhat.
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Visual zation: .
Isualizatio Note the expansion

of the clay soil with
the introduction of
water.

dry clay soil saturated clay soil

In the laboratory:

In this class period, we will begin to explore why clays expand and shrink.
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The expansivand contractive @racteristics of ely soils raise
some fundaaental questions:

( 1) Whais the nature oflay particles?

(1) Whydo clay soils expad when exposed water?

(i) Wha simple tests cahe used to identiffhe mostctive
or expansive soils?

B. Grain Size ahSpecific Surfacérea

From previas discussions arréadings you knowhtat clay soils are
thoseantaining grains wh D< 2um.

As soil grm sizes decreasthe specific surfaz area (SSA) of thsoill,
whichs simply the totasurface area of thedividual graingper dry
mass ahe grains, increses exponentially.

This can bdemonstrated quitgramatically by cosidering the follaving
concdpal experiment:

We taf a gravel sizedsgle grain of soilnd successively baking it
up into smaller andmaller grains oéqual size, until @ achieve
clay-sized grains.
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Gravel-sized grain
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*Thus, it is shownhat for a given masof soil grains, sithe individual gain
become smallethe collective sdace area of the nsa of soils incre&s

dramatically!

* As the total surfae area of soils ameasured by SSA inegases, the surface
propertiesahcharacteristicsfdhe individual gains becomes incrsigly

significant.

* In fact, the higl5SA of clay soilsdgether with the stace properties
of clay grans, can help to gotain most all ofhe observed engineeg
behaviorsfahese soils.

Most Active (Expanise) Types of Claysoils

] O @)

Type SSA (nf/g) thickness (A lateral dimensiongA)
Kaolinite 15 100-1,00C 1,000-20,00(
Illite 80 50-500 1,000-5,00(
Montmorillonitel 800 10-50 1,000-5,00(
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To better understand the surface properties of clay soils, we switch
here to usage of afew diagrams from Section 2.3 of the textbook.
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Summary of ImportanPoints About Claysoils
1. Fine—grained sl have much higheSSA’s than coarsgrained soils.

2. As SSA’s increse, the surface pperties of individal soil grains
assume gager importance.

3. Clay soils havelectrical surfaceharges:
a. predominantly egative;
b. dipolar water mlecules are attréed to charged claparticles;

c. when water isddled to clay soilgyrains spread owtlowing
more waternto the expanded b space.

explains expansioaf clays in goingfom dry to
saturated state.

d. when water leas clay soils, spatgy between graindecreases.

explains shrinkagand cracking.
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4. There are amy different typesf clay soils.

The primary differace among clays has do with the migrals
and/or elementgresent in the sbi

high aluminum cotent —> kaoliniteclays
high potassiumantent —> illite cays
high iron and mgnesium contents —montmorillonite cays.

5. As we shaltee later on, clagoils can be verynsound choices fanany
construction and @ineering applicatins:

Their significant &pansion/contractio with appreciablehanges in water
content can lehto lifting and dopping of structuridevels.

This can be very daaging to structuie
6. Because wat molecules are @aacted to clay sbgrains, and becae of the

very high SSA of @y soils, it is dificult for water toflow through clay
soils. Thus clayals have very lovhydraulic permeabhiies.



