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5.1 Textural Classification

»texture of soil: surface appearance

»|n most cases, natural soils are
mixtures of particles from several size
groups.

» USDA system in Table 2.3 ;
> Sand size: 2.0 to 0.05 mm in diameter
> Silt size: 0.05 to 0.002 mm in diameter

» Clay size: smaller than 0.002 mm in
diameter
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Figure 5.7 1.5, Department of Agriculture textural classification



5.2 Classification by Engineering Behavior

»>textural classification: based entirely on the particle-size distribution.

» It is necessary to consider plasticity, which results from the presence
of clay minerals, in order to interpret soil characteristics.

» Three Classification System :

1. AASHTO Classification System — Highways
2. Unified Classification System - Geotechnical Engineers

3. TS1500/2000 Turkish Soil Classification System



5.3 AASHTO Classification System

»Developed in 1929 as the Public Road Administration Classification
system.

» Proposed by the Committee on Classification of Materials for
Subgrades and Granular Type Roads of the Highway Research Board in
1945 (ASTM designation D-3282; AASHTO method M145).

»Incorporate a number called the group index(Gl): Particle size
analysis, Atterberg Limit using USCS classification.

»Soil is classified into seven major groups : A-1~A-7



5.3 AASHTO Classification System

»A-1, A-2, and A-3:

Granular materials where 35% or less of the particles pass
through the No. 200 sieve.

»A-4, A-5, A-6 and A-7 :
More than 35% pass through the No. 200 sieve.



5.3 AASHTO Classification System

»A-1, A-2, and A-3 :

Table 5.1 Classification of Highway Subgrade Materials

General Granular materials
classification [35% or less of total sample passing MNo. 200)
a-1 A-2
Group classification a-1-a A-1-b A-3 f-2-4 A-2-5 a-2-6 A-2-7
Sieve analysis
(percentage passing)
Mo, 10 50 max.
Mo, 40 30 s S0 e 51 min.
Mo, 200 15 mas. 25 max. I mas 35 max. 35 max. 35 max. 35 max.
Characteristics of fraction
passing Mo, 40
Liguid limit A P 41 min. Al P 41 min.
Plasticity index G ma. NP 100 e, 10 peax. 11 min. 11 min.
Usual iypes of significant Svone fragmenis, Fina Sily or clayey gravel and sand
conatitaent materials eravel, and sand s

Gemeral subgrade rating Excellent to good




5.3 AASHTO Classification System

»A-4, A-5, A-6 and A-7 :

General classification

Silt-clay materials
(more than 35% of total sample passing No. 200)

A-7
A-7-5°
Group classification A-4 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
General subgrade rating Fair to poor

“For A-7-5, PI = LL — 30
"For A-7-6, PI = LL — 30



5.3 AASHTO Classification System

»>A-2, A-4, A-5, A-6, and A-7:
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Figure 5.2 Range of lguid limit and plastacity index for soils in groups A-2, A-4. A-5,
A-G, and A-7



5.3 AASHTO Classification System

> To classify a soil according to the Table, one must apply the test data from left
to right. By process of elimination, the first group from the left into which the
test data fit is the correct classification.

» To evaluate the quality of a soil as a highway subgrade material, one must also
incorporate a number called the group index (Gl) with the groups and
subgroups of the soil.

>GI = (Fp90 — 35)[0.2 + 0.005(LL — 40)] + 0.01(Fyoo — 15)(PI — 10)

where F,,, = percentage passing through the No. 200 sieve
LL = liquid limit
Pl = plasticity index



5.3 AASHTO Classification System

»(Fy00 — 35)[0.2 + 0.005(LL — 40)]: the first term is the partial group index determined
from the liquid limit

» If the equation yields a negative value for Gl, it is taken as O.

»The group index calculated from the equation is rounded off to the nearest whole
number @or example, Gl = 3.4 is rounded off to 3; Gl = 3.5 is rounded off to 4).

»There is no upper limit for the group index.

>'Ol'he group index of soils belonging to groups A-1-a, A-1-b, A-2-4, A-2-5, and A-3 is always

»When calculating the group index for soils that belong to groups A-2-6 and A-2-7, use the
partial group index for PI, or



5.4 Unified Soil Classification System

»The most widely used system.
»Proposed by Casagrande in 1942 during World war Il for the US army.

» ASTM designation D-2487

»Soil classification system to determine the group symbols (symbol, letter).



5.4 Unified Soil Classification System

» For proper classification according to this system, some or all of the following need
to be known :

1. Percent of gravel —that is, the fraction passing the 76.2 mm opening sieve 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 No.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 No.40 sieve



Primary letter

Gravel G
< 50%
#4 S 50%
Sand S
< 50%
#200 > 50%
Silt M
Clay C

O (organic silts and clays)

P, (peat, muck and highly
organic soils)

5.4 Unified Soil Classification System

Secondary letter
1‘:" } #200 passing < 5%

54209, dual CGP-GMD
symbol SW-SM

M : Non plastic

C : Plastic ] #200

passing > 12%

L : Low plasticity (LL < 50%)

H : High plasticity (LL = 50%)



5.4 Unified Soil Classification System

1. Sieve analysis: — G,S _

or

M,C,0.

2. #4(4.76mm) passing or retained: (G, S)

—_

3. IfGW,C, > 4 1<C, <3 GP
— I not,

SW, C,, > 6 1<C. <3 SP




5.4 Unified Soil Classification System

* Proposed by Casagrande in 1942
e SM, GM; Below A line, IP <4
e SC, GC; Above Aline,IP >7
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Figure 5.3 Plasticity chart



Table 5.2 Unified Soil Classification System (Based on Material Passing 76.2-mm Sieve)

ASTM designation D-2487

Group
Criteria for assigning group symbols symbal
Gravels Clean Gravels Co=dand | = C_ =3 GwW
More than 50% Less than 5% fines® C,=<dandlor C_ < | oo C_ = 3° GPp
of coarse fraction Grayels with Fines PI < 4 or plots below “A”™ line (Figure 5.3) GM
Coarse-gralned solls  retained on No. 4 nfore than 12% fines®®  PJ > 7 and plots on or above “A™ line (Figure 5.3) GO
More than 506% of ajeve
R 50% or more of  Less than 5% fines” C,<Gandlor C. < lor C_ > ¥ sP
coarse fraction Sands with Fines PI < 4 or plots below “A” line (Figure 5.3) 5M
passes No. 4 More than 12% fines*®  PJ > 7 and plots on or above “A™ line (Figure 5.3) SC
SIEVE
Inorganic Pl = 7 and plots on or above “A™ line (Figure 5.3)° CL
Gl el chuys PI < 4 oe plots below “A” line (Figure 535 ML
Liquid limit less
than 50 . Liguid limit— oven dried
anic < (0.7 5; Fi 5.3:0L
Fine-gralned solls Ore Liquid limit— not dried wea Hgae e oL
50K oF more passes )
No. 200 sieve ) Pl plots on or above “A™ line {Figure 53) CH
Silts and clays Inorganic PI plots below “A™ line (Figure 5.3) MH )
E““'d limie 50 Ligudlimit—ovendried _ . R
. Organic Liqud limit—not died o Beo S oH ¢
Highly organic seils Primarily organic matter, dark in color, and organic odor Pt g
L]

“Gravels with 5 1o 12% fine require dual symbaols: GW-GM, GW-GC, GP-GM. GP-GC.
*Sands with 5 to 125 fines require dual symbols: SW-SM, SW-SC, SP-5M. SP-5C.

°iC

Dy,

Dy’

B (D)
Dy x Dy,

“If 4 = PI = 7 and plots in the haiched area in Figure 5.3, use dual symbol GC-GM or SC-SM.
Ud = Pl =T and plots in the hatched area in Figure 5.3, use dual symbsol CL-ML.



ASTM designation D-2487

Giroup symbal
GWT = 15% sand
=15% sand
G -Iq_.____—h‘_‘—:{lﬁ'}mrl:l
=15% sand
(i --..__—h_‘_: < 1 5% samd
=15% sand
GGl -l_H_H_\_P_‘-*{H'}II:IIIj
=15% sand
(aPCaibd -q:{lﬁ'}mrl:l
=15% sand
GlGC ?{H'}Iw
=15% sand
(b -l-._.___‘_‘—___: < 15% sand
=15% sand
e Tﬁlﬁ'ﬁb:mﬂ
=15% sand
GC-GM -T: < 15% sand
=15% sand
W T = 15% gravel
=15% gravel
sp -u..___—_‘_‘_h:{lﬁ'}gmel
=15% gravel
SW.EM -uTH_: <15% gravel
=15% gravel
=15% gravel
SP-SM -I._::{Iﬁ'}gm'cl
=15% gravel
SPAC -q:ﬁ'ﬁ':lrgﬂ'r'ﬂ
=15% gravel
SM Tﬁlﬁ'}gnﬂ:l
=15% gravel
sC T{IE'}EMI
=15% gravel
SCSM -q:{lﬁ'} gravel
=15% gravel

Giroup name

— Well-graded grmvel

— Well-graded graovel with sand
— PFooddy graded grovel

e [Foaly gradied grovel with sand

—* Wiell-graded grovel wiih silt

—— Well-graded grovel with silt and sand

—— Well-graded grovel wiih clay tor siliy clay)

—— Well-graded grovel with clay and sand {or siliy clay and sand)

e Pooaly gradied grovel with silt
e [Foaly gradied grovel with silt and sand
= Foodly graded grovel with clay tor silty clay)

—— Pooddy praded grovel with clay and sand (or silty clay and sand)

e Bilhy gravel
——— Siliy grovel with sand

—— Clayey gravel

———= Clayey gravel with sand
e Bty clayey gravel

— Siliy clayey gravel with sand

—— Well-graded sand

s Well- gradied sand with grovel
—— Poodly graded sand

= Poorly graded sand with grovel

—— Well- graded sand with slt

— Well- graded sand with silt and gravel

s Well-graded sand with clay (or silty clav)

iy Wl gradied sand with clay and grawvel {or silty clay and grovel

—* Poordy graded sand with sili

— Poordy graded sand with sili and gravel

— Poordy graded sand with clay (or silty clay)

— Poordy graded sand with clay and gravel {or silty clay and groved

— Siliy sand

—— Sily sand with grovel
i (Clayey sand

— Clayey sand with gravel
— Siliy clayey samd

== Silty clayey samd with gravel

Flgure 5.4 Flvwchart group names for gravelly and samdy soil (Soerce: From “Annual Beok of
ASTM Standarde, (kb 08" Copynghl ASTM INTERNATIONAL. Repninted wilh permmsaom._ )



ASTM designation D-2487

== 30% plus ey < 15% plus Mo, 20 Lean ¢lay
Mo, X 15-20% plus Mo, 200 "T,_: % sand = % gravel —— Lean clay with sand
Pl == 7 and —— CL o sand < % gravel ——s Lean clay wath gravel
plals an or o sand = & gravel -.q: < 15% gravel —————— Sandy lean clay
abinve =30% plus <: =15% gravel ————— Sandy lean elay with gravel
A-line Mo, 2 % sand < B gravel -lq: 1A sand e Ciravelly lean elay
=15% sand ——————— Cravelly lean clay wath sand
2 30% plus -l-..:: < 15% plus Mo, 200 = Silty clay
Mo, X 15-20% plus Mo, 200 - % sand = % grave| ——= Silry clay with sand
Inorganic 4=Pl=T7—+ CL-ML % sand = % grave| = Silry clay with gravel
and plots on o sand = % gravel -q; < 15% gravel =+ Sandy alty clay
o above =30% plus x.’_::- =15% gravel —— Sandy sty clay with gravel
A-line Mo, 3 % sand < % gravel -uq: < 15% sand ——* CGiravelly silty clay
=15% sand ——* Ciravelly silty clay wih sand
== 30% plus -q < 15% plus Mo, 200 = Silt
LE < 5i) Mo, M 1520 p]u:.Hu.lfI'.l-.T: % sand = % gravel —— Silt with sand
Pl < 4 o ———— ML % sand < % gravel —— Silt with gravel
plots below % sand = & gravel -T: < 15% gravel ————— Sandy sl
A-line =30% plus <: =15% gravel ————— Sandy sl with gravel
Mo, X % sand < % gravel -uq: <= 15% sand —————— Ciravelly sl

= 15% san = Ciravelly silt with zand

LL—wowen dried
Organic (m = u.?s]—- O ———= See Figure 5.6
—mal
== 30% plus L.T: < 15% plus Mo, 20 = Fal clay
Mo, 3 15-20% plus Mo, 200 % sand = % gravel — Far clay with sand
Pl plots on —— = CH :: o sand < % gravel — Fal clay wath gravel

e sand < & gravel -q: < 1 5% sany] ——te iravelly (0 clay
=15% sand ———————— Ciravelly @ clay with sand

ar above % sand = % gravel -'T.._: < 15% gravel —————= Sandy fa clay
Ac-line =30% plus {:: = 15% gravel ——— Sandy [ clay wath gravel
Mo, 2k
Inorganic

== 30% plus .T: < 15% plus Mo. 200 Elastic sl
Mo, X 15-20% plus Mo, 20 % sand = % gravel —— Elaste salt with sand

Fl pliots — MH :: o sand < % gravel - Elasbe silt with gravel
LI = 50 bl 'ﬁxanla'lgravd.q < 15% gravel = Sandy elastic sl
Ac-line =30% plus <: = 15% gravel ———— Sandy elastic sill with gravel
Mo, X

T sand < & gravel -q: < 15% sand ———— = Ciravelly elastic il
=15% sand ———— Ciravelly elastc il with sand
LL—oven dred

Organc ( < I:'L'u'ﬁ] = [}H =" See Figure 5.6
LL—mnit dried

Figure 5.5 Flowchart group names for inorganic silty and clayey soils {Source: From “Annual Book of ASTM Standards, (4.08." Copyright ASTM
INTERNATIOMAL. Reprinted with permission.)



ASTM designation D-2487

< 30% plus No. 200 <: < 15% plus No. 200

» Organic clay

15-29% plus No. 200 Y % sand = % gravel —— Organic clay with sand
% sand < % gravel ——— Organic clay with gravel

» Sandy oeganic clay

% sand = % gravel < 15% gravel
I>4andpbtsl>3ﬁ‘!plusl‘lo.2m< :Z:IS%gr:wel

» Sandy organsc clay with gravel

on or above % sand < % gravel T: << 15% sand
A-line =15% sand

» Gravelly organic clay

» Gravelly organic clay with sand

oL <30% phus No. 200 ——= <15% plus No. 200

* Organic silt

15-29% plusNo.lm<: % sand = % gravel —— Organic silt with sand
% sand < % gravel ——— Organic silt with gravel

* Sandy oegansc silt

% sand = % gravel < 15% gravel
n<4upml-:mpmuo.zm< ::anseegmen

+ Sandy organsc silt with gravel

below A-line % sand < % gravel -T: < 15% sand
=15% sand

* Gravelly organic silt

» Gravelly organic silt with sand
» Organic clay

<30% plus No. 200 ——» <15% plus No. 200

15-29% plus No. zoo<: % sand = % gravel ————» Organic clay with sand
% sand < % gravel —— Organic clay with gravel

» Sandy organic clay

% sand = % gravel < 15% gravel
Plotsonor4 =30% plus No. 2m< — =15% gravel

-+ Sandy organsc clay with gravel

above A-line % sand < % gravel qq: < 15% sand

» Gravelly orgamic clay

=15% sand

* Gravelly organic clay with sand

OH <30% plus No. 200<: < 15% plus No. 200

» Organic silt

15-29% plus No. zm.<: % sand = % gravel ————» Organic silt with sand
% sand < % gravel ———— Organic silt with gravel

» Sandy organic silt

% sand = % gravel <15% gravel
Plots below =30% plus No. 200 < ~ =15% gravel

» Sandy organic silt with gravel

A-line % sand < % gravel ? < 15% sand
=15% sand

» Gravelly organic silt

+ Gravelly organic silt with sand

Figure &6 Flowchart group names for orgamic silty and clayey souls (Seurce: From “Annual Book of AS IM Standards, 01,08,

Copyright ASTM INTERNATIONAL. Reprinted with permission.)



5.5 TS1500/2000 Turkish Soil Classification System

»Based on USCS classification system. However, some differences
includes.

e Transition between GRAVELS and SANDS: #10 sieve (2 mm) instead of #4 sieve
(4.76 mm).

* Medium plasticity on the Plasticity Chart for fine grained soils added (Cl and
MiI)

w < 35 -> Low plasticity
35 < w,; <50 -> Medium plasticity
w, > 50 -> High plasticity



5.5 TS1500/2000 Turkish Soil Classification System

 Medium plasticity on the Plasticity Chart for fine grained soils added (Cl and M)
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Summary&Essential Points

» AASHTO system :
» 35% passes through the No. 200 sieve

» No. 10 sieve is used to separate gravel from sand.
» Gravelly and sand soils are not clearly separated.
(The A-2 group, in particular, contains a large variety of soils)
» Unified system :
» 50% passes through the No. 200 sieve.
» No. 4 sieve is used to separate gravel from sand.

» Gravelly and sandy soils are clearly separated.



Summary&Essential Points

» Symbols like GW, SM, CH, and others that are used in the Unified system are more descriptive of
the soil properties than the A symbols used in the AASHTO system.

» The classification of organic soils as OL, OH, and Pt is provided in the Unified System. Under the
AASHTO system, there is no place for organic soils.

» The classification of coarse and fine soil based on the particle size distribution of the soil and the
amount of passing through #200 sieve is the same, but USCS uses 50%, AASHTO uses 35%.

» AASHTO and TS1500/2000 use sand and gravel as a standard of 2.0mm, but USCS uses a limit of
4.76mm.

» USCS classifies sand and gravel in detail, but AASHTO classifies it roughly.
» Organic soil is available in USCS, but AASHTO NOT



