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1. Purpose

Classifying soils into groups with similar behavior, In
terms of simple indices, can provide geotechnical
engineers a general guidance about engineering properties

of the soils through the accumulated experience.

Simple indices gClassificationé Estimate Achieve
-> Systtm  :— engineering => engineering
GSD, LL, Pl (Language) :  properties purposes
Use the

accumulated
experience



2. Classification Systems

Two commonly used systems:

« Unified Soil Classification System (1 5 % ).

« American Association of State Highway and
Transportation Officials (/A /4 S i1 | ) System

% Additional:: Texural Soil Classification



3. Unified Soil Classification System (USCS)

Origin of USCS:
This system was first developed by Professor A. Casagrande (1948)

for the purpose of airfield construction during World War Il.
Afterwards, it was modified by Professor Casagrande, the U.S.
Bureau of Reclamation, and the U.S. Army Corps of Engineers to
enable the system to be

(Holtz and Kovacs, 1981).

Four major divisions:
(1) Coarse-grained
(2) Fine-grained
(3) Organic soils
(4) Peat




3.1 Definition of Grain Size

No specific
grain size-use
 Atterberg limits

__________________________

Gravel Sand Silt and

Boulders Cobbles Clay

Coarse: Fine Coarse : Medium : Fine

| | |
| | |
300mm 75 mm No.4 No0.200
: 475mm ‘ 0.075
19 mm No.10 No0.40 mm

20mm  0.425 mm



3.2 General Guidance

50 %
Coarse-grained soils: Fine-grained soils:
Gravel | Sand Y Silt Clay
5004 NO. 4 NO.200
475 mm 0.075 mm
-Grain size distribution PL, LL LL>50
o LL <50
C, *Plasticity chart
oot

Required tests:
Sieve analysis Atterberg limit :




3.3 Symbols

Soil symbols:
. Gravel
Sand
. Silt
Clay
Organic
Pt. Peat

O % w

Example: SW, Well-graded sand
SC, Clayey sand
SM, Silty sand,
MH, Elastic silt

Liquid limit symbols:
H: High LL (LL>50)
L: Low LL (LL<50)

Gradation symbols:
W: Well-graded
P. Poorly-graded

Well — graded soil
1<C.,<3 and C, >4
(for gravels)
1<C,<3 and C, =6

( for sands)



3.4 Plasticity Chart

* The A-line generally
separates the more
Pl clay like materials
5 from silty materials,
(V] -
2 : and the organics
> Micaceous or diatomaceous - - .
5 e — fine sandy and silty soils; from the inorganics.
_8 — Low plastic inorganic ——— g i elastic silts; organic silts, __ |
& clays;sandy and |7 | organigh?”—|———clys and sty clays ————
N me— nllty clays 7--Wj.clays R -~—OH SR BESR—
&iit lf o /Z - 1
| Siltyclays;, | \/ | | | |7 = . . .
[ clayey silts X B A — MH—f—— | <The U-line indicates
10 (—and sands A1 %5, 1"~ Inorganic and organicsis— 11 the upper bound for
7 :_—EEME—— ML _and silty clays of low o I .
- 7 T8 T plasticity; rock flour; — T/ generalsoils.
;:O A ML— +—t+—silty or clayey fine sands +————+——— B
D 10 20 30 40 50 60 70 80 90 100
Liquid limit LL

Fig. 3.2 Casagrande's plasticity chart, showing several representative soil types (developed from Casa-
grande, 1948, and Howard, 1977).

(Holtz and Kovacs, 1981)

\ Note: If the measured limits of soils are on the left of U-line, they should be rechecked.




3.5 Procedures for Classification

Coarse-grained
material

Grain size
distribution

Fine-grained
material

LL, Pl

Gravel:

more than 50%
coarse fraction
retained on
sieve #4

COARSE

More than
50% retained
sieve #200

Sand:

less than 50%
coarse fraction
retained on
sieve #4

Less than 50%
retained sieve
#200

LL > 50

Highly
ORGANIC SOILS

Less than 5% fines

More than
12% fines

Less than 5% fines

More than
12% fines

Ci>4,1<C<3
Not satisfying GW
Below “A’ line
Above ‘A’ line
C,>6,1<C. <3
Not satisfying SW
Below ‘A’ line

Above ‘A’ line

60

50 A line
»”
%é 40
= CH
.-g 30
g 20 OH
o CL or

10 CL OL or MH

CL-
1/ ML

0
0 10 20 30 40 50 60 70 80 90 100

liquid limit

—

—

-

—

—_

—

—

GW
GP
GM
GC
SW
SP
SM

ML
CL
OL
MH
CH
OH

Pt

(Santamarina et al., 2001)



3.6 Example

Passing N0.200 sieve 30%
Passing No.4 sieve 70%

LL =33

Pl =12

P1= 0.73(LL-20), A-line

P1=0.73(33-20)=9.49
SC

(215% gravel)

Clayey san
with grave

Passing No0.200 sieve 30 %
Passing No.4 sieve 70 %

LL=33
Pl=12

i 'COARSE

i More than
50% retainedg
: sieve #200

FINE
Less than 50%

retained sieve
#200

Highly

Gravel:

more than 50%
coarse fraction
retained on
sieve #4

less than 50% |
coarse fraction:
retained on

i sieve #4

LL > 50

ORGANIC SOILS

Less than 5% fines
More than
12% fines

Less than 5% fines

iMore than

12% fines

G>4,1<G <)
Not satisfying GW
Below ‘A’ line
Above ‘A’ line

Ci>6,1<C.<3

Not satisfying SW

Below ‘A’ line
i Above ‘A’ line

Lasssssmsssssnsnsannannnny

60
50 A line
>
< 40
£ CH
2 30
2
2 2 OH
o CL or
10 o) O L yo OL or MH
0 .4 ML

0O 10 20 30 40 50 60 70 80 90 100

liquid limit

—

GW
GP

GM

MH
CH
OH

Pt

(Santamarina et al., 2001)



3.7 Organic Solls

- Highly organic solls- Peat (Group symbol Pr)

— A sample composed primarily of vegetable tissue in various stages
of decomposition and has a fibrous to amorphous texture, a dark-
brown to black color, and an organic odor should be designated as

a highly organic soil and shall be classified as peat, PT.

« Organic clay or silt( group symbol OL or OH):
— “The soil’s liquid limit (LL) after oven drying is less than 75 % of its
liquid limit before oven drying.” If the above statement is true, then

the first symbol is O.

— The second symbol is obtained by locating the values of Pl and LL

(not oven dried) in the plasticity chart.

12



3.8 Borderline Cases (Dual Symbols)

For the following three conditions, a dual symbol should be used.

« Coarse-grained soils with 5% - 129% fines.

— About 7 % fines can change the hydraulic conductivity of the coarse-grained
media by orders of magnitude.

— The first symbol indicates whether the coarse fraction is well or pooFly graded. The
second symbol describe he contained fines. For example: SP-SM, poorly graded
sand with silt.

e Fine-grained soils with limits within the shaded zone. (PI
between 4 and 7 and LL between about 12 and 25).

— It is hard to distinguish between the silty and more claylike materials.
— CL-ML.: Silty clay, SC-SM: Silty, clayey sand.

o Soil contain similar fines and coarse-grained fractions.
— possible dual symbols GM-ML

13



3.8 Borderline Cases (Summary)

UNIFIED SOIL CLASSIFICATION SYSTEM
(Borderline Classifications)

Coarse-Grained Soils <=—+— Fine-Grained Soils

|
| | s
! ML
Gravel Gw | % * Gravel GM % Silt < MH
P o OH
' S 3 rCL
SW | = sm| T
Sand {SP cg | Sand {SC K Clay 4 CH
.- OL
* ﬁ Jd
| I L i
0 5 12 45 50 55 100

Percent passing the
No. 200 sieve

Note: Only two group symbols may be used to describe a soil.
Borderline classifications can exist within each of the above groups.

(Holtz and Kovacs, 1981)

14



Are 50% of particles > 0.075 mm?

| Mo

Yes

30ll 15 coarse-grained

Is gravel fraction > sand fraction?

3ol 1s fine—grained
Proceed to flowchart of Fig. £.9b

[

>0ll |s gravel
First letter s G

Soll s sand
First lettar Is 5

Is clay + silt fraction

= 12%7 < b%?

Betwean 5% and 12%7 —

| |
Yas Yas

Is clay fraction = silt fraction?

|— Yes J— Mo —l

Plastic clayey fines | Nonplastic silty
second letter C fines
second letter M

Yes

Is clay fraction = silt fraction?

Mo

Yes

I first letter Is G,
Cuzd and 1=Cc=3
Classification I1s: GW-GC
Ctharwise,
Classification is: GP-GC

If first letter is G,
Cuzd and1=Cc=3
Classification 1s: GW-GM
Otherwisa,
Classification 1s: GP-GM

If first letter s G, Cuz4 and 1=Cc<3

sacond letter is W, otherwise second letter s P

If first letter s S, Cu=6 and 1<=Cc=3

second letter is W, otherwise second letter (s P

If first letter is 5,
Cuzb and 1l=Cc=3
Classification is: SW-5C

Ctharwise,
Classification is: SP-5C

If first letter is 5,
Cuz6 andl=Cc=3
Classification 15: SW-5M

Otherwisa,
Classification Is: SP-5M

FIGURE 4.9a Unified Soil Classification System flowchart for coarse-grained soils.

15



Are 50% of particles 0.075% mm?

Yes | Mo

aodl |5 fine-grained

S0il Is coarse-grained
I Proceed to flowchart of Fig. 4.9a

LL {oven-driaed)
LL {mot dried)

0.757

Yes | Mo

Soll Is organic Is clay fraction = silt fraction?
First letter is O |

Yes

Nao

soll Is clay soll Is sllt
First letter is C First letter is M

Is liguid limit = 50%7

Yes Mo
Plasticity 1s high Plasticity is low
second letter is H second lefter Is L
=01l Is fat clay or =0ll Is lean clay or
elastic silt silt

FIGURE 4.9b Unified Soil Classification System flowchart

for 'fInE-I;I rained soils. Muni Budhu, Soil mechanics & Foundations, 3dr edition



Table 4.2 Unified Classification Svstem (Based on Materials Passing 75 mm (3 in.) Sieve (Based on ASTM-2487)

- =  USCS
Major division symbol Criteria
Fao <50  Gravels GW Fap<5C,=41=C,=3 :

GP Fop < 5; Not meeting the GW criteria of C,and C, ~ *reseessssssscsscsssssssnesesesnee
R 05 GM Fa > 12; PI < 4 or plots below A-line (Fig. 4.2)
Roy GC Fap > 12; PI > 7 and plots on or above A-line (Fig. 4.2)
GM-GC Fog > 12; PI plots in the hatched area (Fig. 4.2)
GW-GM 5 = Fop = 12; satisfies C, and C, criteria of GW and meets the Pl
criteria for GM
GW-GC 5 = Fy = 12; satisfies C, and C, criteria of GW and meets the P/
criteria for GC
GP-GM 5 = Fpp = 12; does not satisfy C, and C, criteria of GW and meets
the PI criteria for GM
GP-GC 5 = Fop = 12; does not satisfy C, and C, criteria of GW and meets
the PI criteria for GC
Sands SwW Fo<5C,z61=C.=3
SP Fag < 5; Not meeting the SW criteria of C, and C.
Re _0s SM Fa > 12; PI < 4 or plots below A-line (Fig. 4.2)
200 SC Foy > 12; PI > 7 and plots on or above A-line (Fig. 4.2)
SM-SC Fyp > 12; PI plots in the hatched area (Fig. 4.2)
SW-SM 5 = Fyp = 12; satisfies C, and C, criteria of SW and meets the PI
criteria for SM i
SW-SC 5 = Fyy = 12:satisfies C, and C. criteria of SW and meets the PI
criteria for SC
SP-SM 5 = Fyp = 12; does not satisfy C, and C, criteria of SW and meets
the P/ criteria for SM
SP-SC 5 = Fyy = 12; does not satisfy C, and C, criteria of SW and meets
the PI criteria for SC
Fan =50 Silts and ML PI < 4 or plots below A-line (Fig. 4.2)
Clavs CL PI'> 7 and plots on or above A-line (Fig. 4.2)
LL <50 CL-ML PIplots in the hatched area (Fig. 4.2)
;LL(oven dried) , . .
OL —— < 0.75; P! plots in the OL area in Fig. 4.2
L L(nm dried)
Silts and MH PIplots below A-line (Fig. 4.2)
Clays CH PI plots on or above A-line (Fig. 4.2)
LL =50 LL(oven dried) .
OH ———— < 0.75: P/ plots in the OH area in Fig. 4.2
LLLnoi dried)
Highly Pt Peat
organic

matter

17



Group Symbol Group Name

GW
GP

<15% sand — Well-graded gravel

=15% sand Well-graded gravel with sand
<15% sand —— Poorly graded gravel

=15% sand —— Poorly graded gravel with sand

<15%
=15%
<15%
=15%

(}\RJ“(}TVI<:::::
GW-GC ~

<15%
=15%
<15%
=15%

<15%
=15%
<15%
=15%
<153%
=15%

M ——
GC e
GC-GM

Sw-t:
SP ?
<15%

SW-SM -
=15%

SW-SC—— <15%
T =359,

%

thoth
o

7
(]
.

0

wh
© .0

V AN A

1
1
1
1

ol

<Y /0

A VA
I
n L e Lh
0 aO_‘

v

(AN

o

~0 .0 .0 .0
o~ o~ o~

w
S~

A A
—_ b e e
wn

o

n
0 0
o~ o

sand —— Well-graded sand with silt

sand ——— Well-graded gravel with silt and sand

sand — Well-graded gravel with clay (or silty clay)

sand ———+ Well-graded gravel with clay and sand (or silty clay and sand)

sand —— Poorly graded gravel with silt

sand —— Poorly graded gravel with silt and sand

sand —— Poorly graded gravel] with clay (or silty clay)

sand —— Poorly graded gravel with clay and sand (or silty clay and sand)

sand —— Silty gravel

sand — Silty gravel with sand

sand — Clayey gravel

sand ——— Clayey grave] with sand
sand —— Silty clayey gravel

sand ——— Silty clayey gravel with sand

rave] —— Well-graded sand

rave] —— Well-graded sand with gravel
ravel — Poorly graded sand

rave] ———= Poorly graded sand with gravel

o nQ

fr 19

grave]l —— Well-graded sand with silt

grave]l —— Well-graded sand with silt and gravel

grave] —— Well-graded sand with clay (or silty clay)

gravel —— Well-graded sand with clay and gravel (or silty clay and gravel)

gravel —— Poorly graded sand with silt

gravel —— Poorly graded sand with silt and gravel

grave] —— Poorly graded sand with clay (or silty clay)

gravel — Poorly graded sand with clay and gravel (or silty clay and gravel)

grave] —— Silty sand

gravel —— Silty sand with gravel
gravel —— Clavey sand

gravel —— Clayey sand with gravel
gravel —— Silty clayey sand

gravel ——- Silty clayey sand with gravel

C
7.
O
7

Figure 4.3 Flowchart group names for gravelly and sandy soil. Source: From “Annual Bpok
of ASTM Standards, 04.08.” Copyright © 1999 American Society for Testing and Materials.
Reprinted with permission.



L1 = 50

Inorganic

()rgzmic(

Inorganic

Group Symbol

Pl>7and—— CL

plots on or
above
A-line

4=pPl=7—CL2ML

and plots on
or above
A-line

Pl <4or
plots below
A-line

[.1.—oven d'ricd <075
L1 —not dried

1 plots on
or above
A-line

I plots
below
A-line

I.L—not dried

% Organic (LL—oven dricd _ 75

—— =ML

<30% plus
No. 200

=30% plus <
No. 200

<30% plus ~—»
No.200 =

=30% plus <
No. 200 -

<30% plus <—» -

No. 200 T

L
=30% plus <

No. 200 ~

) - OL

CH

MH

)i-—OL

NN NN

/\

Sce Figure 4.2

<30% plus -
No. 200 ~

=30% plus <

No. 200 -~

<30% plus <—» -

No. 200 -~

v
=230% plus <T_
No. 200 -

Sec Figure 4.2

Group Name

15% plus No. 200

15-29% plus No. 200 i:

— Lean clay
% sand = % gravel — Lean clay with sand
% sand < % gravel —— Lean clay with grave!

Y sand = % gravel _— <15% gravel ——— Sandy lean clay

o

~ = [5% pravel ————— Sandy lean clay with gravel

Yo sand L% gravel ~— <15% sand

Gravelly lean clay

= 15% sand —————— Gravelly lean clay with sand

< 15% plus No. 200

15-29% plus No. 200 ~

= Silty clay
% sand = % gravel — Silty clay with sand
9% sand < % gravel = Silty clay with gravel

% sand = % gravel — <15% gravel ———— Sandy silty clay
S = 15% gravel ———— Sandy silty clay with gravel

Vi siand < Y gravel —————

r

15% plus No. 200

<15% sand —————— Gravelly silty clay
= 15% sand ——————— Gravelly silty clay with sanc

15 -29% plus No. 200 ~

Y sand = % pravel i:

Ly . , 0, -
Yo sand < Y% gravel e
s

<2 18% plus No. 200

= Silt

Y% sand = % gravel ——= Silt with sand

o sand < % gravel —= Silt with gravel

“T15% gravel ————— = Sandy silt

=15% pravel —————— Sandy silt with gravel
<15% sand ————— Gravelly silt

=15% sand ———— Gravelly silt with sand

15 29% |71llN No. ZUUT
-~

[S7 . O, -
e Y sand = % gravel s
~h

Yo sand < % pravel <—~

——a

— [Fat clay
= [at clay with sand

Yo sand = % gravel

Yo sand — % pravel ———= Fat clay with gravel
< 15% pravel ————— Sandy lat clay
2 15% pravel —————— Sandy [at clay with pravel

<7 15% sand ————— Gravelly fat clay
A 15% sand —————— Gravelly [at clay with sand

-+ [lastic silt

5% plus Nao. 200
15-29% plus No. 200 ~—

(1) ] \_\\’L
Yo sand = % gravel <o

. -

Yo sand < % gravel \: l

Y% sund = Y gravel ———= Elastic silt with sand

% sand < % gravel —— Elastic silt with gravel

5% pravel ———— Sandy clastic silt

IS pravel —————-—= Sandy clastic silt with grave
15% sand ——————» Gravelly elastic silt .

=15% sand —————— Gravelly clastic silt witlr sar

Figure 4.4 Flowchart group names for inorganic silty and clayey soils. Source: From *Annual Book of ASTM Standards, 04.08.”
Copyright © 1999 American Society for Testing and Materials. Reprinted with permission.
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Group Symbol Group Name

<30% plus No. 200 e 15% plus No.200 » Organic clay
* 15-29% plus No. 2()0<: % sand = % gravel —— Organic clay with sand
% sand < % gravel —— Organic clay with gravel

% sand 2 % ravel i: <15% gravel ——- Sandy organic clay
>30% plus No. 200 < 23% gravel —————> Sandy organic clay wilh grave!
% sand < % gravel <: <15% sand —————— Gravelly organic clay

>15% sand ————— Gravelly organic clay with sand

L

PI=4and plots
onar above

A linc
OL <30% plus No, 20()‘ < [5% plus No, 200 — + Qrganicssill
15-29% plus No. 200<: % sand > % gravel —— Organic silt with sand
% sand < % gravel ——» Organic sill with gravel

% sand = % gravel i: <15% gravel ——— Sandy orgamc sil
230% plus No. 200 < 15% gravel ———— Sandy organic silt with gravel

% sand < % gravel < <15% sand —————Gravelly organicsill
213% sand ——— Gravelly organic silt with sand

|

PI< 4o plots
below A-lin

<30% plus No. 200 i: <15% plus No. 200 » Organic clay
g 15-29% plus No. ZOOY % sand > % gravel — Organic clay with sand
"o sand < % gravel ——— Organic clay wilh pravcl

N

v osand = % gmvcl » <15% gravel ——— Sandy organic clay
Plots on or >30% plus No. 200 < >l5% gravel ——— Sandy organic clay wilh gravel
above A-line % sand < % gravel i: <15% sand —————Gravelly organic clay
2{3% sand ————— Gravelly organic clay wilh sand
OH <30% lus No. 200 < <15% plus No.20 » Qrganic il

* 15-29% plus No. 200 << % sand > % gravel ~——> Organic silt with sand
% sand < % gravel ——> Organic silt with gravel

% sand = % pravel i: <15% gravel ————— Sandy organicssilt
3% plus No. 200 < 215% gravel —————Sandy organic silt with gravel

% sand < % gravel i: <1§% sand ———— Gravelly organic silt
215% sand —————> Gravelly organicsilt with sand

NN

Plots below
A-line

Figure 4.5 Flowchart group names for organic silty and clayey soils. Source: From “Annual Book of ASTM Standards, 04.08.”
Copyright © 1999 American Society for Testing and Materials. Reprinted with permission.
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USCS

GROUF
SYMBOL GROUF NAWE

3% ples No. EJD-::-:'.E% phes Mo, 200 Lean clay
15"-'55'4"'1?:‘3"33'1-:: % sand 2% gravel —— Lean clay with sand
Pb7 and olots = L % =2nd <% gravel —— Lean clay with grael
=1 5% grave] ———— Sandy l=an clay

o o abowe % sand =% Eml-—-ﬁ
"B in= 230% plus No. m< 21 5% grave] s Sandy lean clay with gravel

% =nd <% gn:l-q: 1 5% sand ————— Gravelly lean day
»15% mand ———— - Grawelly lean day with sand

<315 ples No. 200 -;: <1 5% ples Mo, 200 = Silty clay
15%e Mo, 200 <20% % =2nd % grave] — Silty clay with s2nd
4=PIT and ::

nkc plots o or aboe CLML % sand <% gravel ——— Silty clay with grave|

“B"_lin= % =and 2% gml-qi =1 5% grave| s Sandy silty clay
230% plus No. m< =15% gravel ————— Zandy silty clay with grael
% =2nd <% gravel -uq:- <1 5% sand ———— Grawvelly silty clay
»15% sand —————— Grawelly silty clay with =and

<31% ples No. Eﬂl:l-:: <15% ples No. 200 - Silt
15% 0 Mo, 200 <20% -..:: % mand 2% grave] ——p Silt with sand
Plect or plots ML % mnd <5 grave] st Silwith gravel
=1 5% gravel ———— Sandy silt

belmw “A" dine % sand 2% EMI-—:,:
230% plus No. ?DD<: 21 5% gravel ———— Sandy silt with gravel

% =nd <% gn:l-q: 1 5% 530t m— Gravelly sil

»15% =and —————— Grawelly silt with sand

LL<B0%

LL—oven-dried -
—_— = - 41
:urgam|: L—awendred g 78 oL See Figure 2,10k
<30% ples No. Eﬂl:l-q:- <1 5% ples Mo, 200 - Fat clay
15% Mo, 200 <20% -:: % sand 2% gravel ——e- Fat clay with s2nd
P piots on o = CH % m2nd <5 grave| s Fat clay with gravel
above “A"_line % =2nd =% Eml-q: <1 5% gravel ———— Sandy fat clay
230% plus No. zm< »15% gravel ————— Sandy {1 clay with gravel
% =and <% gravel _-? 1 5% mand —————p Grawelly fat clay
| »15% o — Gravelly fat clay with sand
nofgaTic

<315% ples No. Eﬂl:l-f: <1 5% ples Mo, 200 # Elastic silt
15% 0 M. 200 <30% 1'““-_-.: % sand 2% gravel ——— Elastic silt with sand

P phots: bel MU % mnd 5 grave| s Elastic silt with graeel

LR A i % zand =% Eml-:‘: <1 5% gravel ——— Sandy elastic sil
230% plus No. ZJD<:

»15% grave]l ———— Sandy elastic silt with grasel
% =nd <% gn:l-q: 5% sl e—— Gravelly elastic silt
»15% mnd ———— Grawelly elastic silt with s2nd

LL—ove=n-driad :
Organ it m{ﬁ.?ﬁl—p 04— 4 Se= Figure 4.10c

FIGURE 4.10b Flowchart for classifying inorganic fine-grained soils (50% or more fines). (Source: Reprinted with permissicn from ASTM
D 245710 Standard Practice for Classification of Soils for Engineering Purposes, copyright ASTM International, 100 Barr Harbor Drive, West
Conshohocken, PA 12428 )

Muni Budhu,

Soil mechanics
& Foundations,

3dr edition
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GRIUP
ETMBIL SROUP MAME

«3[% phua Mo S00— <13% phu Ko, 200 - Jrpane cay
15%o=lin HI0 -ﬂ:ll-qql wrel *% pevel —s Orpane ey wth amnd
% wre <% provel —p Trpane g weh pravel
Fid a=d o on 4 amed ;-llrmlll =l 5% pwvel ——3 Carcy opanz diy
or s " K" —ire J:ﬂ.#-lhn:ﬂ:-ii: z‘|a£.-....|_|...5...-.|,-.=.-u.-.==|.-|..-=|-.ﬂ.-.-..|
:‘llrﬂﬂ'iﬂﬂ'ﬂl—l_._l_l_l__-_‘:l:lﬁl-d_hhl meE =
2% e ——— hn::ﬂl :::ml':.rd
o <30% pla Mo :-:-:-..q: =15% phue R 200 w Trpar 1
15%5=n. 210 -ﬂ:ﬂ.-::l wrel 2% pevel — Orpane it wih e
% wrel <% pwvel =——t Jrganc ot wth el

FHd or gl i:.rd;-l;wnl =l 5% pavel ——p Carcy opanic ult
230K chen B :-n:{i:

belom TH L= =~|+1|. ot | e Sarely orpunic it with geevel

11rd:'iﬁ='m|-q e] 5% wnd —— Grmly panic wk
E155% mnd ——— Grealy cpanc vk with ansd

=I0% phua Mo 200 Z] 2% chun Ko 3000 + rpane cayp
15%=:fin 0 Iﬂ:ﬂ..-q_l_l_l—_-h:l wrel 2% pevel —p- Orpgane clry wth amnd
% mrd =% provel == Jrganc clay with pral
Foaomor % amed E‘.;ﬂlT =] 5% el —— Candy orpaniz diy
v "N i Em#_'l'l-ﬂ. :ﬂ:t< 2150 prave| . Sarcdy arparez dpweh preel
% aard <% pel =l 5% aared —— Crovelly cepane iy
: 5% mrel —— & Crovely opane clay et aeed

e <3(F% pha Ma :-:-:-.q: <15% phes Mo, 200 . Orgarsc adt
155 5bin. 200 Iﬂ:ﬂ..-q & mrd 2% pavel st Jrpsrec 2t wth esed
% mnd <% prwvel e Jrganc it wih guevel

=I:!:|.|:|l-:lr % aned :-l;ml el 5 ] — Eardly arpenic it
"W i 230% plex Ko :ﬂ:{ i."l?l- grovve| ——— Earcly apenic wit with pavel
1:.r:|l:|..='rn|-=-_l—_l-: <l 5% aared —— Crowlly opane wk .
2% mre] —— Crevly pne ok wth aesd Muni Budhu,
FIGURE 5.10¢ Flowdhant for dlassifying organic fine-grained soils (B0 or monre fines|. ([Source: Reprinted with Soil mechanics
permission from ASTM D 2487-10 Standand Practios for Classification of Soils for Engineenng Purposes, copyright & Foundations,
ASTM Intermational. 108 Barmr Harbor Drive, West Conshohocken, PA 18428 ) 3dr edition
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Teble 23 Brish Sod Clessitication Sysiem for angunesning sursoses  [BF[EISH Classification System

Sodl groups (see note 1)

Sub groups and lebocslory adentdalon

GRAVEL and SAND may be qualised Group Subgroup Fines L rgumet Mame
sandy GRAVEL snd gravelly SAND, symbol symbol (% dess ot
2 and 3) note 2 ) Q.06 mwm )
Shghtly salty or GW  GW 0 Well gracded GRAVEL
o  Cliyey GRAVEL G 1o
I GP GPu GPg § Poorty grided undorm | gap graded
if GRAVEL
s
i Sity GRAVEL G-M  GWM GPM § Wil graded/ poorty graded sty GRAVEL
G-F "
3! Clayey GRAVEL G-C GwWC GPC 15 Wiell geaded pooety graded clayvey GRAVEL
§-- Very silty GRAVEL GM  GML #ic
3 5 GF 15 Very silty GRAVEL. subdwide as for GC
J 35 Veyclayey GRAVEL GC  GCL o Very clayey GRAVEL (clay of fow.
! > E GCI £ ntermediate.
1e 58 aew man
£ L GCV vary hagh.
53! GCE watramaly hagh plasbicaty |
=#g
Eﬂ! Staghtly silty or SW 5w 0 Well graded SAND
Hi T clayey SAND s o
E!! i___ P SPy SPg 5 Pooily graded  uniloem gap geaded SAND
e
E Ssry SAND E-M SwM SPM 8 Well graded ' pocrty graded sty SAND
5-F w0
EE Clayey SAND S-C SWC SPC 18 Wil raded /poorly graded clayey SAND
T
;! Viery sty SAND Sm SML. weic Very silty SAND . subdevsded as lor SC
!! Very clayey SAND ¢ SCL 0 Very clayey SAND (cloy of low,
E-g 5C1 35 snterrad.ate
i:’ SCH ragh,
B SCv very high,
SCE axtrernaly hugh plasticity |



Grawelly SILT MG MLG. e Gravelly SILT . subdivide as for CG

H "
5,. Grawally CLAY CG CLG <35 Grawadly CLAY of low plashicity
!lg {noe note 4 ) CIG 35 10 50 ol ntermadiate plasticily
g CHG &0 10 0 of hagh plasticity
E;r CVG 70 10 80 ol wary hagh plesbicity
a8 CEG > 90 of extremety high plasticity
i i Sandy SILT M5 MLS, @i Sandy SILT, subdivide as for CG
,.1! (wom note 4 ) FS
.ﬁﬂ; ;'.'! Sandy CLAY Cs  CLS. e Sandy CLAY, subdnide a4 for CG
§i' Eﬁ SILT (M-SOIL) Mo ML e SILT. subdwide as for C
uig E_ F
! g ﬁ! CLAY c CL <35 CLAY of low plasteity
S#  (see notes 5 and 6) ci 35 10 50 of intermediate plasticity
w8 CH 50 10 70 of high plasticaty
cv 70 1o 80 ol very high plasisiy
CE >80 ol entremaly hagh plashicity
CRGANIC Descriptive letier 0 suffied 10 Oirgansc matier suspecied 10 be & sgnificant constiivent Example MHO
SDILS Bhy group oF subgroup symbol Organic SILT of high plastcity
PEAT Pr Peat soils consst predominantly of plant remaing wheth may be hibrous o amoephous

MNaote T m“dmﬂmMMHmmmﬂmm i reguired. by the group symbol, although for some addmonal
applscations (8gQ langetudingl sections ) it Mmay be convenient 1o use the group symbol slone

Note 2 mwrwﬂwmnﬂmu be placed in brackets if laborsiory methods have not been used for identihcaton, e g (GC)
Note 3. Tha desspration FINE SOIL or FINES, F, may be used in place of SILT, M, or CLAY, C, when il it not possible of ot required 10 distinguish between them
Note 4 GRAVELLY i more than S0% of cosrss matenial i of gravel sre. SAMDY il mons than 50% of cosrse material is of sand sre

Note 5 SILT (M-S0IL), lnl.-mﬂmHﬂlhblmmhﬂiwﬂﬂwnmﬂnnmmlmmmmm low cohasson Fine
soils ol this type include clean m.mmmﬂm.mmmm m.m#mmnmmmm
The alternative term  M.soil’ avosds confusson weith materials of predominantly st size, whch form anly & pan of the group.

Owganic sosls aiso usually plot below the A-line on the plasticity chart, when lThey &fe desspnated ORGANIC SILT, MO
MNate 8 CLAY, C. i matenial plotting sbowe The &-lins. mnd i fully plasiic 0 relahon 10 TS Isgquined Hemsit
Aeproduced from BS $830 1981 Site Irvestigations with permession of the Bretih Standards |nstitution

British Classification System®



4. American Association of State Highway and
Transportation Officials system (AASHTO)

Origin of AASHTO: (For road construction)

This system was originally developed by

as the Public Roads Classification System.
Afterwards, there are several revisions. The present AASHTO
(1978) system is primarily based on the version in 1945. (Holtz and
Kovacs, 1981)
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4.1 Definition of Grain Size

Boulders

No specific
grain size-use
Atterberg
limits
Silt-Clay

Gravel Sand

| | Coarse Fine I

| |
N0.200

No.4
4.75 mm 0.075
mm

75 mm

No0.40
0.425 mm
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4.2 General Guidance

« 8 major groups: Al~ A7 (with several subgroups) and organic soils A8

o The required tests are

e The group index, an empirical formula, Is used to further evaluate
soils within a group (subgroups).

Al~A3 . A4-~AT

Granular Materials Silt-clay Materials

< 35% pass No. 200sieve > 369 pass No. 200 sieve
Using LL and PI separates silty materials Using LL and PI separates silty materials
from clayey materials (only for A2 group) from clayey materials

e The original purpose of this classification system is used for road construction

(subgrade rating).
27



4.3 Group Index

The first term is determined by the LL

/
Gl = (F,y, — 35)[0.2+0.005(LL —40)]

+0.01(F,,, —15)(PI -10)

The second term is determined by the Pl

For Group A-2-6 and A-2-7
Gl =0.01(F,,,—15)(P1-10) use the second term only

F200: percentage passing through the No.200 sieve

In general,
, G
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4.4 Classification

General

classification

A-1

Group classification A-1-a A-1-b

Granular maternials

A-3

(35% or less of total sample passing No. 200)

A-2

A-24 A-2-5 A-2-6 A-2-7

Sieve analysis
(percentage
passing)
No. 10
No. 40
No. 200

Characteristics of
fraction passing
No. 40

Liquid limit

Plasticity index
Usual types of sig-
nificant constituent
materials

General subgrade
rating

50 max.
30 max.
15 max.

6 max.

Stone fragments,
gravel, and sand

50 max.
25 max.

51 min.
10 max.

NP

Fine
sand

ooooo

35max. 35max. 35 max. 35 max.

41 min.
11 min.

40 max.
11 min.

40 max. 41 min.
10 max. 10 max.

Silty or clayey gravel and sand

oooooooooooooooooooooooooo

oooooooooooooooooooooooooo

Das, 1998



4.4 Classification (Cont.)

ilt-clay materials

General classification (more than 35% of total sample passing No. 200)
A-7
A-7-5*
Group classification A4 A-5 A-6 A-7-6"°
Sieve analysis (percentage passing)
No. 10
No. 40
No. 200 36 min. 36 min. 36 min. 36 min.
Characteristics of fraction passing No. 40
Liquid limit 40 max. 41 min. 40 max. 41 min.
Plasticity index 10 max. 10 max. 11 min. 11 min.
Usual types of significant constituent materials Silty soils Clayey soils

_ | Far &poor:

General subgrade rating

*For A-7-5, Pl = LL — 30
*For A-76, Pl > LL — 30

.
ooooooooooooooooooooooooooooo

Note: The first group from the left to fit the test data is the correct
AASHTO classification. Das, 1998



44 Example Passing N0.200 = 86%
' LL=70, PI=32

LL-30=40 > P|=32
Passing N0.200= 86% Gl = (F,,,—35)[0.2+0.005(LL —40)]

LL=70, PI=32 +0.01(Fypo—15)(PI-10) . |
LL-30=40 > PI=32 ~3347=33 Roundoff  A-7-5(33)
' ilt-clay materials

General classification (more than 35% of total sample passing No. 200)
A-7
A-7-5*
Group classification A4 A-5 A-6 A-7-6"
Sieve analysis (percentage passing)
No. 10
No. 40
No. 200 i 36 min. 36 min. 36 min. 36 mm
Characteristics of fraction passing No. 40
Liquid limit 40 max. 41 min. 40 max. 41 min.|
Plasticity index 10 max. 10 max. 11 min. : 11 min.
Usual types of significant constituent materials Silty soils Clayey soils
General subgrade rating | __ Fartopoor

“For A7-5, PI < LL — 30
il ot b
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TEXTURAL SOIL CLASSIFICATION

»U.S. Department of Agriculture System (USDA)
» By making use of the grain size limits mentioned in the table for
a triangular classification chart has been
developed for classifying mixed soils.
»the percentages of sand, silt and clay-size materials ina given
sample by mechanical analysis.
»With the given relative percentages of the sand, silt and clay, a point

IS located on the triangular chart as shown in Fig
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5. TEXTURAL SOIL CLASSIFICATION

Soil fraction

Cirave] =2
Sand 2-0.105
51l (h.O5-(0K12
Clay <[},(M)2

Dram&m Tildid ; ;

L
éﬁﬂ 50 Silty
& Clay 6l
= o
. s
Silty =
_ Clay lowm 70
M Sand Fi
l:lil';'{tlitm M \,_// %0
. L .
Loam SNy loam ,‘_ a0
14 ¥
Silt
~—¢
[} 0

1040 G &0 70 G40 ) 4l 3 20
Percentage of sand

Figure 3.20 U.5, Department of Agriculture textural classification
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» This method of classification does not reveal any properties of the
soil other than grain-size distribution.
» Because of its simplicity, it is widely used by workers in the field of

agriculture.

»disadvantage of this method Is that the textural name as derived
from the chart does not always correctly express the physical

characteristics of the soill.
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In this system , the term LLO@M used to describe a mixture of sand,

silt and clay particles in verious proportions. The term LOAM
originated in agricultural engineering where the suitability of a soil
IS judged for crops. This term is not used in soil engineering. In
order to eliminate the term loam the Mississipi River Commission
proposed a modified Triangular system. The term Loam is replaced

by silty Clay.
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Mississipi River Commission ( modified triangular system)

Important observations
from figure are that
any soil containing
more than 50% of clay
sized particles would be
classified as a clay,
whereas sand and silt
require 80% of the
particles to be In that
size range. Also any
soil having more than
20% clay would have
some clay like
properties.

Sandy Clay Silty Clay 40

Clay-Sand Clay-Silt

Sandy Silt

0O 10 20 30 40 50 60 70 80 90 100
Silt Sizes (%)

LOWER MISSISSIPPI VALLEY DIVISION,
U. S. ENGINEER DEPT.



The chart i1s based only on the fraction of soil that passes through
the no. 10 sieve. Otherwise a correction will be necessary if a
certain percentage of the soil particles are larger than 2 mm in
diameter, as shown below-

The modified textural composition are-

Yosand

Modifled % Sand = x100%
100 —%gravel

o
Modified % Silt =— 2% 100%

100 —%gravel

%Yclay

Modified % Clay =
100 —%gravel

x100%
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6. Suggested Homework

1. Please read Book
2. Read ASTM D2487 and D 2488.
3. Please go over Examples
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