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Where ¢ is the applied stress, F; is a material constant called Young's modulus, and & is the resulting strain
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e 1alie] 5.8 Caa s d obial Jsaall aladiul (Say g Loml 4 il 558 i L] i gy

LA sl Jalas a8
Values of LI Description of soil strength
LI<0 Semisolid state—high strength, brittle, (sudden) fracture is expected
0<Ll<T Plastic state—intermediate strength, soil deforms like a plastic material
LI>1 Liquid state—low strength, soil deforms like a viscous fluid

Description of the Strength of Fine-Grained Soils Based on Liquidity
Index LI

s Je Jly S Soil Consistency Index (Cl) 4l ol 8 Jals asdiug 48 jlall bl
e payy idha gae Julhy PL Asalll aa (e (Alall Wl gl i 0 Bl 8
EREIEENRIRICNE
LL—w
PL,

die 4y 5l Lain Soft b Wi &S Jliddy 0 ?ih}a\ﬁ i L LL A gl 2 i 4, il
o Adea 408 450 o688 Wiy Firm 4?;3 05851 sty ol Qo L) PL A5salll aa
Jaa 4 8 4g ) 3l 5851 e plsall Jila ala By Leie 4ila

Oladll o st all o305 4K o Al Atterberg Limits ad S dsaadl (o
38 e Lgilla Hle @M@\'quu JSA 3 ) ol LgasS 55 4 Sl
LS Aalall Uyl Y L iydall (polaad) CaSGAL Apaldll 34 Cilinty colall aliaial 5
dmia yal b e Montmorillonite O G JEall Jasw e 5 o Ul J<a) 4
A el Kaolinite e oSl e aile) g b elall iy e il 4S5
Aol Galeal)l 28 (e el Montmorillonite (2=l Atterberg Limits

Cl =

Soil type LL (%) PL (%) Pl (%)
Sand Nonplastic

Silt 30-40 20-25 10-15
Clay 40-150 25-50 15—-100
Minerals

Kaolinite 50-60 3040 10-25
Illite 95—-120 50-60 50-70
Montmorillonite 290-710 50-100 200-660

Typical Atterberg Limits for Soils
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Silica sheet

Alumina sheet +— Silica sheet “+—— Alumina sheet
T Silica sheet ¢ Alumina sheet Silica sheel
Silica sheet <+— Layers held
~——— Hydrogen bonds Potassium ions together by van
der Waals
forces and
exchangeable
ions; easily
infiltrated by
water
() (b) (c)

Clay minerals structure (a) Kaolinite (b) lllite, and (c) Montmorillonite
:Soil Activity 4l bldd g) 43ld

Clay ¢phll 4o Loyl caalsyy P& salll Julaw b Skempton, 1953 4wl )y iy adl
daw Ll caa sl Soil Activity (A) 2ol bl o) Alad 4 i aa gl Fraction
A Asbeal) o 4350l Jebea 3 ()

Pl

A=
Clay fraction (%)
> .5
Ll Lgilaii ) Lpabimial Sie aaall 8 S GRG lia bl ddladll ey a
4aaS Galall 40aSy a5 masaa (Sl 53 TS Al Allady Hliad LS dlle dplalaaail
’

LS5 ey e U L 70 gl doail dage A5 2 pm e JB) sl
Leidlas e Talaie) 4 il Cim g U0 d50al) cpn Al ciliial a3 i
5 A : :

2\7- :Activity (A)
Description Activity, A
Inactive <0.75
Normal 0.75-1.25
Active 1.25-2
Minerals
Kaolinite 0.3-0.5
Ilite 0.5-1.3
MNa-montmorillonite a4-7

Activity (A) of Clay-Rich Soils
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Question:
A fine-grained soil has a liquid limit of 300% and a plastic limit of 55%. The natural
water content of the soil in the field is 80% and the clay fraction is 60%.
a) Calculate: the plasticity index, the liquidity index, and the activity A
b) What is the soil state in the field?
c) What is the predominant mineral in this soil?
a) Pl= LL-PL= 300-55= 245%

w — PL
LI = Bl

= 80-55/245

=0.1

PI
™ Clay fraction (%)
=245/60
=4.1
b) Based on Liquidity Index (LI) Table, the soil with LI= 0.1 is at the plastic state.
c) Based on Activity Table, the soil is very active and the predominant mineral is
Montmorillonite.

Question: Two Clays have the following characteris& Calculate their Activity
Values. Compare their engineering behaviour < ‘v

N

ClayA | ClayB y\’
LL 60 so ~T Ut
PL 25 30 7
Clay fraction % 25 4 )Wi

o
PI 5

A=
Clay fraction (%)

A (Clay A) = (60-25)/25=35/25=1.4 (active)

A2 (Clay B) = (50-30)/40=0.5 (Inactive)

Question: Two Clays have the following characteristics. Which of the soil is more
plastic? Which of them is softer in consistency?

Clay A Clay B
LL 44 55
PL 20 35
W 25 50
w — PL
LI = Pl

LI (Clay A) = (25-20)/(44-20)=0.23 (More plastic)
LI (Clay B)= (50-35)/(55-35)= 0.75 (Softer)
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