1.
Soil Classification




We know more about the movement of celestial
bodies than about the soil underfoot.

Leonardo da Vinci

1. Purpose

*Soil  classification system is important in
geotechnical engineering because it provides
systematic method of categorizing soil according to
their probable engineering behavior.

* By knowing the classification of the soil, an engineer
will have a good idea on how to proceed with detailed
site investigation and laboratory testing and
subsequently with the design of foundation as well
as the engineering situation both during and after
construction .



— *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.

Communicate
between
engineers

: Classification Estimate Achieve

_, i system i engineering . anqi -

Simple indices

..............................

Use the
accumulated
experience

2. Classification Systems

1) USDA (US Department of Agriculture)
+ Based on texture (grain size) ———
» Used primarily for land use mapping

* 2) AASHTO (American Association of State
Highway and Transportation Officials) :
+ Used for roadways (subgrade) et
» Designation: A1-A8 with subgroups
« Sieve analysis and Atterbergs

* 3) USCS (Unified Soil Classification System)
+ Used for general geotechnical work
+ 2-Symbol designation (e.g., SP, ML)
+ Sieve analysis and Atterbergs



3. Unified Solil 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 |l . 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 applicable to dams, foundations, and other construction
(Holtz and Kovacs, 1981).

USCS is the most common soil classification system among
geotechnical engineers !

USCS (Major Division)

Soil

Fine
Fa00 %50

Gravel Sand Clay Silt
G S C M




1/ Percent of gravel —thatis, the fraction passing the 3 in. sieve
(76.2mm opening) and retained on the No. 4 sieve(4.75 mm opening)

2. Percent of sand —that is, the fraction passing the No. 4 sieve (4.75
mm opening) and retained on the No. 200 sieve (0.075 mm opening)

3. Percent of silt and clay —that is, the fraction finer than the
N0.200 sieve (0.075 mm opening)

4. Uniformity coefficient(Cu) and the coefficient of Gradation(Cc)

5. Liquid limit and plasticity index of the portion of soil passing the
No0.40 sieve

3.1 Definition of Grain Size

Coarse Fine

\
[ | : \

Gravel Sand Silt and Clay

Boulders Cobbles ’ ) . ] y \ \

| ICoarse Fine ICoarse Medium i Fine |

300 mm No. 4 No. 200
4.75 0.075
19mm mm No.10  No.40  mm
2.0 mm 0.425 No specific grain
mm size-use

Atterberg limits
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Soil Types, Descriptions, and Average Grain Sizes According to USCS
(ASTM D2487-93)

Peccam Resained by Weight

Soil type

Description

Average grain size

Gravel

Sand

Sit

Rounded and/or angular bulky hard rock

Rounded and for angular bulky hard rock

Particles smaflar than 0.075 mm, exhibit little
or no strength when dred

Particies smaber than 0.002 mm, exhibit
significant strength when dried; water reduces
strength

Coarse: 75 mm to 19 mm
Fine: 19 mm 10 475 mm

Coarse: 4.75 mm to 20 mm (No.10)
Medium: 2.0 mm to 0425 mm (No. 40)
Fine: 0.425 mm 10 0.076 mm (No. 200)

0.075 mm 10 0.002 mm

<0.002 mm
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3.2 General Guidance

Coarse-grained soils: Fine-grained soils:
Gravel | Sand Silt Clay
*Grain size distribution *PL, LL
C, *Plasticity chart
«C,
Required tests: Sieve
analysis
Atterberg limit 13

Coarse grained soil

* <50 % passing from No 200 sieve.

» other considerations in this classification are:
V The percentage of coarse fraction
(retained on No 40 sieve).
V Coefficient of uniformity (Cu) and coefficient of
curvature (Cc) for the soil with < 12 % passing No. 200
sieve,

* The symbol of the group
V G for gravel
V S for Sand



Fine grained soill
* >50% passing No. 200 sieve

* The symbol of the group
V M for inorganic silt
V C for inorganic clay
V O for silt and clay that contain organic materials.
V Pt for peat, muck and other highly organic soils

- 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.

- “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 symbolis O.

- The second symbol is obtained by locating the values of Pl and LL
(not ovendried) in the plasticity chart .

16



*H: High LL (LL>50)
*L: Low LL (LL<50)

*W: Well -graded
*P: Poorly-graded
" well- gradedsoil
1<C,<3and C,2 14
(for gravel3
1<C,<3and C,? 6
(forsand$

Use GSD curve to define gradation

\

USCS Designation Examples

* 2-symbol designation
»  First symbol is general soil type
* Second symbol is adjective describing that soil type

GC = Clayey gravel

SW = Well -graded sand

SC = Clayey sand

SM = Silty sand

CH = High plasticity clay (aka “fat ” clay)

CL = Low plasticity clay (aka “lean” clay)

GGML = Dual classification




3.3 Plasticity Chart

2

0

L

*The A-line
separates clays
from silts and the

50 organics from the
P inorganics

w0t i e e e .+ The U-line indicates
i | ] High plosticity 4 ! the upper bound for
> I 3 | o ; ! 1 general soils.
F g 0+ 1 1 n:-'-:-nn |
: v 30/ —

3 | Low plastic morgese ! siantic wiey, organic wits, | * LL=50 _S_eparates
R — P Liavs, ond gty clevs i low plasticity from
20} il ¢ ou i high plasticity .

! Siny clays | B i
tlayey iy ' ' o {
10 1and ynch ! InoTgae and organc 3Ny | Note: If the
! LML - andl sty chagt of ow | . Lo
d LML T ety rock Bour | measured limits of
1 + Wity of ey N sanih + i .
0 - =~ ey s aeeiatogpa apn ~! soils are on the left
0 0 P 20 A 1w “w n - L 0o .
vowdlima  LL of U -line, they
should be
grande "f; -m.r::.‘ Wrn oass 3 Lt oh i 8 W Gans rechecked.
(Holtz and Kovacs, 1981)
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(Santamarina et al., 2001)
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Unified Classification System (Based on Materials Passing 75 mm (3 in.) Sicve (Based on ASTM-2457)

Group
Major division symbol Criteria
Fa < 50 Gravels GW Fap<$C,2481sC. =3
GP Fup < 5; Not meeting the GW criteria of €, and €,
R os GM Fao > 12 P1 < 3 or plots below A-line
Rew ™ GC Fap > 12: P1 > 7 and plots on o7 abave A-line
GM-GO Fap > 12, PI plots in the hatched area
GW-GM 5 = Fyo = 12; satisfies €, and C, criterio of GW and meets the P/
criteria for GM
GW-GC 5 = Fyy = 12; satisfies €, and C, criterin of GW and meets the P/
eriteria for GC
GP-GM 5 = Fyg = 12: does not satisfy €, and C, criteria of GW and meets
the I criteria for GM
ap-Go 5= Fyp = 12 does not sitisfy C, and C, eriteria of GW and meets
the PJ criteria for GC
Sunds swW Fu<5C =61=C =3
sP Fa < St Not meeting the SW criterin of C,and C,
Ricos M Fyo > 12; PI < 4 or plots below A-line
Raw SC Fyy > 12, P1 > 7 and plots on or above A-line
SM-SC Fiw = 12, Pl plots in the hatched arca
SW.SM 55 Fag = 125 satasfios €, and C, crneria of SW and meets the P/
cniteria for SM
SW.SC 5= Fyg = 12; satisties C, and C, criteria of SW and meets the 2/
criteria for SC
SP-SM 5= Fuy = 12 does not satisly C,and C, criteria of SW and meets
the P eriterin for SM
SP-5C 5= Fyyy = 12, Joes not satisty C, and C, criteria of SW und meets
the PI eriteria for SC
Fa, == 50 Silts and ML Pl < 4 ot plots below A-line
Clays L F1 > 7 and plots on ar above A-line
LI < S0 CL-ML PI plots in the hatched arca
Llea
oL — el < 0.75: PIplots in the OL area
l‘LlM hved)
Silts and MH P plots below A-line .
Clays CcH PJ plots an or above A-line
L, =3 l‘lﬂ»w-
= oH Sl o 0.75: Pl plots in the OH area
Ll oy
Highly " Peat
organic
matter
70
60
50
S
g .
2 30}—»
£
20
10

=

01620 W 40 SO 6 0 s %0 W
Liquid lmit

11



23

Umﬁed Soil amﬁmon flowchart for coarse-gramed sofs.
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L st
Unified Soil Classification flowchart for fine-grained soils.
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Group ssmbal Goroup mmme

IO phay Now 200 < = < 15% plas Ne, 200 * Ovganic clay
. * 1320 plus N 200 o % sand = % grevel * Organk clay with sand
.0 oand < % grnel * Organic clay wib pravel
w Sl =% gl o » <159 gravel * Sandy coganic clay
P14 s phoes » = 10% plus No. 200 . = 15% gravel * Sandy erganic <lay with gravel
of of e =N e < % gl - - <155 unl » Ginnelly ooganic ¢lay
* Aline - 215% wnl * Urmelly organic clay with sand
ol <305 phas N 200 » < 155 plus N 200 * (vganx s
» *15-20% phus N 200 « % sand =% gravel * Ovganic it wah unl
~ W owanl <% grevel & Organk wi wah pravel
. o N oed > N gl » 1% gravel > Sandy coganic sl
I 4 i ol » 230% phus N 200 . =156 gravel + Sandy coganic ik with grave)
heliw A line = 5% il < % grawl - <18 sl * Ganelly organic sih
= 2N o = Cionelly oogsic silt Wik sand
IR plas N 200 - 1A% pluy Na_ 200 » Organic clay
®15:29% plus N 200, o W oanl =% pravel o Ovganic clay wih sand
* 0 sand < S grovel o Urganic clay with grave]
» % sad = % gravel - <154 gravel * Narndy organic clay
POt ot o * o M% phus No. 200 = 185 pavel & Sandy coganic clay winh grovel
. e Aline 0 sl <N prevel » <158 wnl * Granvelly organic clay
. =159 it * Crnelly snganis clay with wand
ol <M plus N 200 < = <155 plus No. 200 * Organe v
of - 15-20% phas No 20 » % sand =% grovel * Organic ot wah sand
6 osand <% gravel = Organk s wah gravel
. w5l = % gl - » <130 pave) = Sandy organic sih
oty Bt . = U plie Mo 200 = =15% gravel » Sandy onganic sl with pravel
Adine "5 and <% gl - » 1A% and » Ginnvelly « W ik
- =18 sl » Ciravelly ceganic silt wigh sand

Flowchan group names for orpamec silty and clayey sotls (Sewrce: From “Annual Book of ASTM Sianclants. 408" Cogynighe
NKIT Americen Socicry fir Testing aod Maerials )
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3.5 Borderline Cases (Dual Symbols)

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

- Coarse-grained soils with 5% - 12% 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 poorly
graded. The second symbol describe the contained fines. For example: SP  -SM,
poorly graded sand with silt.

- Fine-grained soils with limits within the shaded zone. (Pl between 4
and 7 and LL between about 12 and 25).
- Itis hard to distinguish between the silty and more claylike materials.
- CL-ML: Silty clay, SC -SM: Silty, clayed sand.
« Soil contain similar fines and coarse -grained fractions.
- possible dual symbols GM-ML

28
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3.6 Examples

CGravel Thess than 3. fines |, >4, 1<C <3
SIExampIe 1: COARSE | | mow hum 3% | ~ oW
More than courw frcticn | Not stalying GW - P
i e |seve s t::c{:u | Below “A line ~ oM
Abave “A' line . ae
Passing No. 200 sieve 30% P Lo thide P fooew | € > 6, €28 €8 o
less than Sry
Passing No. 4 sieve 70% conrm {£hition fisiouincid . se
retained on SR o H d
vieve 24 :l::mrthn H Below ‘A’ line ~ SM
1% e \
LL= 33 Ab et Aborve ‘A line | ey
: eso e ’
Pl= 12 FINE - ML
. han 9% L
Pl= 0.73 (LL- 20), A - iNe  rama “ Al
200 ‘i o oL
PI=0.73 (33- 20)=9.49 Lo £ > MM
m an
C " CH
SC L “ oL o ME
< ML OH
(2 15% grave|) "0 o 3 10w 0 e 0w W oiw
. i Saqand loret
Claye sanfj with Highly
rave ORGANIC SOILS - R

(Santamarina et al., 2001)

Example 2:

Figure  gives the grain-size distribution of two seils. The liquid and plastic lim-
its of minus No. 40 sieve fraction ol the soil are as follows:

{ SoilA  SoilB

|

Lagquid hmnt 30 26
Plastic limit 2 20

Determine the group symbols and group names according to the Unified Soil Clas-
sification System.

Na 20
1 Sou it v
| |
Soul A '
|
S0 - H
1)
V
'ﬁ ) e o o
= I
E ‘ |
- '
e 1
e M)'» D :
..... |
1
'
M- Dy :
rrrssosad i
) ETar— L2 1 i L i
n 0l 0ol amr

Particle diametes (imm)

Figure Particle-size distribution of two soils 20



Solution

Soil A

The grain-size distribution curve indicates that Fay, = 8. So this is a coarse-grained
soil, and

Rxo = 100 — Foy = 100 — 8 = 92
From Figure R, = 0; therefore,
R, 0

Ruo 02 =0
Hence, it is a sandy soil From Figure Dy, = 0.085 mm, Dy, =
0.12 m, and Dy, = 0.135 mm. Thus,
Dy,  0.135
=—=—=159<
G Dy, 0.085 ! 6
2 12 2
C. = Bl G 0N =125>1

Dy % Dy (0.135)(0.085)
With LL = 30 and PI = 30 — 22 = 8§ (which is greater than 7), it plots above the
A-line Hengce, the group symbol is SP-SC.

Percentage of gravel = R, = 0 (which is < 15%)
So, the group name is poorly graded sand with clay.

Soil B i
From the grain-size distribution curve, Fy, = 61. Hence, this is a fine-grained soil.
Given: LL =26and PI =26 —20=6.

the- group symbol is CL-ML

For gxoup name, assummg that the soil is inorganic
Plus No. 20()sxewe Rogg = 100 — F5y = 100 — 61 =39 (wh:ch Is greater than 30)
Percentage of gravel = R,, =0; percentage of sand = Rm = R, =

‘Thus, because the- percentage of sand is  greater than the perccntagc of gravel the
soil is sandy silty clay. .

16



3.7 Borderline Cases (Summary)

¥

- UNIFIED SOIL CLASSIFICATION SYSTEM

(Barderline Classifications)

Coarse Grained Soils -+ Fine Grained Soils

| | ML
GW | GM |
Gravel {GP ‘ § Gravel {Gcl § Silt g:
g | 2
\ § | = ‘
3 CL
sw | E sm
el {sp a | Sead {sc | 3 | - 1
|
: ——j—— ’1
0 5 112 45 50 55 100
:: ft;& m’q the (Holtz and Kovacs, 1981)

Note: Only two group symbols may be used to describe a soll.

Borderline classifications can exist within each of the above groups.

Engneering Use Chart (af tar Wagner, 1067)

33
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4. American Association of State
Highway and Transportation Officials
system (AASHTO)

This system was originally developed by Hogentogler and
Terzaghi in 1929 as the Public Roads Classification System.
Afterwards, there are several revisions. The present
AASHTO (1978) system is primarily based on the version in

1945. (Hoitz and Kovacs, 1981)

35

4.1 Definition of Grain Size

Coarse Fine

\
[ | : \

Gravel Sand Silt and Clay

Boulders Cobbles ’ ) . ] y \ \

| Coarse: Fine ICoarse Medium i Fine |
| | | |

300 mm No. 4 No. 200
4.75 0.075
19mm mm No.10  No.40  mm
2.0 mm 0.425 No specific grain
mm size-use

Atterberg limits

18
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_4.2 General Guidance

- 8 major groups: A 1~ A7 (with several subgroups) and
- The required tests are sieve analysis and Atterberg limits.

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

Al~A3 Ad ~ A7

Granular Materials Silt -clay Materials
¢ 35% pass No. 200 sieve 2 369 pass No. 200 sieve

Using LL and PI separates silty materials Using LL and PI separates silty materials
from clayey materials (only for A 2 group) from clayey materials

* The original purpose of this classification system is used for

road construction (subgrade rating).

38
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4.3 Group Index
|

The first term is determined by the LL

/
Gl = (F,g- 35)[0.2+0.005LL - 40)]

+0.01(F,, - 15)(PI - 10)
The second term is determined by the PI
For Group A-2-6 and A-2-7

Gl =O.OZI(F200- 15(PI- 10
Fappt percentage passing through the No. 200 sieve

use the second term only

U Good quality soil for sub grade has low Gl

4.4 Classification

J ‘ Genoral

classification

Growp classification

39

Granular materials

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

Al

Ala Ald

Sieve analysis
(percentage
passing)

No. 10

No. 40

No. 200
Characteristics of
fraction passing
No. ¥

Liquid Brmit

Plasticity index
Usual types of sig
nificant constituent
materials
General subgrade
rating

50 max
30 max.
15 max.

50 max.
25 miax

6 matx

Stone fragments,
gravel, and sand

A2

A-25

AJ A24

51 min

10 mux 5

S max. 35 max. 35max 35 max

40 max. 41 min 40 maoc 41 min.
NP 10 max 10 max 11 min 11 min

Silty or clayey gravel and sand

(Das, 1998)
40
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4.4 Classification (Cont.)

tit-clay matenals

Jl General classification (more than 35% of total sample passing No. 200)

Group classification A4 AS Ao

Sieve analysis (percentage passing)
Nl) 1"
No. 40
No. 200 36 min 36 min 36 min 36 min
Characteristics of fraction passing No. 40
Liquid Fmit 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

‘For A5 Pl < 1L - %0 e s se s e e o
*For ATE P> LL - 30

Note:

The first group  from the left  to fit the test data is (Das, 1998)

the correct AASHTO classification. "

4.4 Examples
Example 1:
j| Passing No200 86 % Gl = (Fy- 35)[0.2+0.005LL - 40)]
LL=70, PI=32 +0.01(F,,- 15)(P1- 10)
=3347@83 Roundoff | A-7-5(33)

tit-clay materials
(more than 35% of totyl sample passing No. 200)

General classification

A7
A-75
Group classification A4 AS A6 A-76"
Sieve analysis (percentage passing)
No. 10
No. 40 : :
No. 200 i 36 min. 36 min. 36 min. 36 min.;
Characteristics of fraction passing No. 40
Liquid Fmit 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 Fair to poor

“For A7-5, P = LL - 30
YFor NTE PN ST




Example 2:

Passind\o.10sieve -

jl Gl = (Fypp- 35[0.2+0.005LL - 40)]
+0.04(F,0- 15)(PI - 10)
=345@8

General classification

PassindNo40sieve 80 LL =30
PassindNo200sieve 58 PI=0

tit-clay matenials
(more than 35% of total sample passing No. 200)

-7
A-7-5¢
Group classification A4 AS AS A-76*
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 Fmit 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 Fair to poor

*For A7-5, M1 = LL - %0
*For AT6, Pl > LL - 30

43

PassingNo4 sieve m-

Example 3:
jl Gl =001(F,y,- 15(P! - 10) PassindNo.10sieve 76  LL =37
=0,38@0 PassindNo200sieve 34 PI=42

General
classification

Granular materials
% or less of total sample passing No. 200)

A24 A2S A-26 A-2-7

(percentage

passing)
No. 10 50
No, 40 30
No. 200

Characteristics of
fraction passing
No. ¥
Liquid Brmit
Plasticity index
Usual types of sig-
nificant constituent
materials
General subgrade
rating

o

6 max NP
Stone fragments. Fine
gravel, and sand sand

-
44

51 min.
10 max. 35 max.

40 max. 41 min 40 max. 41 min.
10 max. 10 max 11 min. 11 min

Silty or clayey gravel and sand
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5. Suggested Homework

1Please read Chapter 3 (Holtz 's Book).
2.Read ASTM D 2487 and D 2488 .
3.Please go over Examples.
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