Soil Classification

Chapter 4

AASHTO

Granuiar Materials
(35% or less passing No. 200)

Silt-Clay Materials

(More than 35% passing No. 200)

Group A-1 Group Group A-2 Group Group Group Group
A-7
A=1-a A=1-b A-3 A=2-4 A=2=5 | A-2-6%% | A-2-T74% A-l A-5 A-6 (A-7-5,
A=7-86)
Sieve Analysis
Percent Passing
No. 10 . . . . .. .| 50 max - - - - - - - - -
No. &0 . . . .. .. 30 max | 50 max | 51 min = - - - - - -
No. 200 . . . . . . .| 15 max | 25 max | 10 max | 35 max | 35 max | 35 max | 35 max 36 min | 36 min 36 min
Characteristics of
fraction passing No. LOD:
Liquid limit . . . - - 40 max 41 min 40 max 41 min 40 max 41 min 40 max 41 min
Plasticity index . 6 max N.P. 10 max 10 max 11 min 11 min 10 max 10 max 11 min | *11 min
Usual types of signi= Stone Fragments Fine Silty or clayey
ficant constituent gravel and sand sand gravel and sand Silty Soils Clayey soils

materials . . . . . . .

General rating
as subgrade. . . . . . .

Excellent to good

Fair to poor
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Group Index

Gl = (F — 35)[0.2 + 0.005(LL — 40)] + 0.01(F — 15)(PI — 10)

\ J
| v

% passing Partial Index for
No. 200 A-2-6 and A-2-7

Group index is always reported as a non-negative integer value
Group index is always zero for groups A-1, A-3, A-2-4, A-2-5

AASHTO

Granular Materials Silt-Clay Materials
(35% or less passing No. 200) (More than 35% passing No. 200)
Group A-1 Group Group A-2 Group Group Group Group
A-7
A=1-a A=1-b A-3 A=2-4 A=2=5 | A-2-6%% | A-2-T74% A-l A-5 A-6 (A-7-5,
A=7-86)
Sieve Analysis
Percent Passing
No. 10 . . .. ... | 50 max - - - - - - - - - -
No. &0 . . . .. .. 30 max | 50 max | 51 min - - - - - - - -
No. 200 . . . . . . . 15 max 25 max 10 max 35 max 35 max 35 max 35 max 36 min 36 min 36 min 36 min
Characteristics of
fraction passing No. LOD:
Liquid limit . . . . . - - 40 max 41 min 40 max 41 min 40 max 41 min 40 max 41 min
Plasticity index . . . 6 max N.P. 10 max 10 max 11 min 11 min 10 max 10 max 11 min | *11 min
Usual types of signi- Stone Fragments Fine Silty or clayey
ficant constituent gravel and sand sand gravel and sand Silty Soils Clayey soils
materials . . . . . . .
General rating
as subgrade. . . . . . . Excellent to good Fair to poor
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Example

 Classify the following soil using AASHTO:
— 98% passing the No. 10 sieve
— 80% passing the No. 40 sieve
—50% passing the No. 200 sieve
—LL =38
- PL=29

PI=38-9=9

AASHTO

Granular Materials Silt-Clay Materials
(35% or less passing No. 200) (More than 35% passing No. 200)
Group A-1 Group Group A-2 Group Group Group Group
A-7
A-1-a A=1-b A-3 A=2-4 A=2=5 | A-2-6%% | A-2-T74% A-b A-5 A-6 (A-7-5,
A=7-6)
Sieve Analysis
Percent Passing
No. 10 . . .. ... | 50 max - -
No. &0 . . . .. .. 30 max | 50 max | 51 min - - - - - - - -
No. 200 . . . . . . . 15 max 25 max 10 max 35 max 35 max 35 max 35 max 36 min 36 min 36 min 36 min
Characteristics of
fraction passing No. LOD:
Liquid limit . . . . . - - 40 max 41 min 40 max 41 min 40 max 41 min 40 max 41 min
Plasticity index . . . 6 max N.P. 10 max 10 max 11 min 11 min 10 max 10 max 11 min | *11 min
Usual types of signi- Stone Fragments Fine Silty or clayey
ficant constituent gravel and sand sand gravel and sand Silty Soils Clayey soils
materials . . . . . . .
General rating
as subgrade. . . . . . . Excellent to good Fair to poor
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Group Index

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

\ J
| ‘

% passing Partial Index for
No. 200 A-2-6 and A-2-7

Group index is always reported as a non-negative integer value
Group index is always zero for groups A-1, A-3, A-2-4, A-2-5

USCS

G =gravel W = well-graded
S =sand P = poorly graded
M = silt L = low plasticity
C =clay H = high plasticity

O = organic
Pt = peat




USCS

Percent gravel (retained on No. 4 sieve)
Percent sand

Percent fines (passing No. 200 sieve)

C, and C,

LL and PI of portion passing No. 40 sieve

USCS

lcation System (Bosed on Material Passi

Unified Soil Clas

5-mm Sieve)

Group
Broup Symbols Symbol
l{'.r"'“l’ — Clean Gravels C,=4and | = aGwW
. 1_““ than 50 . Less than 5% fines” 4 andfor 1 = GP
of coarse tion
et o Nu. 4 Giravels with F.iwf-\ ) PI < 4 or plods helow “A™ ling f:i:llf:‘ 4 ."I (EN.1
sieve More than 12% fines™ P12 T amd plots on or above “A™ line (Figure 4.2) (£l
ctained on No. 200 3
:'. ‘"" o i";‘l’_‘_‘i* ) Clean Sands L= Gand ]l <€, <3 SW
i AL X FEIONE Less than 3% fines* < 6 andfor 1 = C sp
coarse fraction
passes No. 4 Sands with Fines < 4 o plots below “A™ line (Figure 4.2 M
pr More than 12% fines™ Pr = T and plots on or above “A™ line (Figure 4.2) sC
Inwrganic PI = T and plots on or above “A™ line (Figure 4.2)° CL
Silts and Clays It < 4 or plods below “A” line (Figure 4.2)° MI.
]-"1“'11 limit less : ) Liguid limit-oven dried e - - y
Fine Grained Soils (140 50 e Liquid imit—nordried 05w Figue 4.2, OLzoas O
SU% or more passes . ] .
X Hore passe PI plots on or above “A™ line (Figure CH

Mo, 200 sieve 5

Highly Organic Svils Primarily o

“Gravels with 3 10 12% fine require dual symbaol

Inorganic
s and Clays I 1 plats below “A” line (Figure 4.2) MH
Liyuid limit 50

or mare Chrganic

Liguid limit—oven dried

P T— = i see Figure 4.2, OH zone o
Ligquid limit—not dried -

¢ matter, dark in color, and organic odor P

GW-GM. GW-GC. GP-GM. GP-GC.

“Sands with 5 to 12% fines require dual symbols: SW-5M, SW-50C, SP-5M, SP-5C.

(L
Dy % My
7 and plots

o=

the hatched area in F

use dual symbeol GC-GM or SC-SM.

“If 4 = Pl = 7 and plots in the hatehed arca in Figure 4.2, use dual symhol CL-MIL.
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Group Symbol Group Name
GW —— < 15% sand ——= Well-graded gravel

: == =}5% sand ———= Well-praded pravel with sand
GP e <i iy graded gravel

oty graced gravel with sand

GW-GM ~— <15% sand -+ Well-graded gravel with silt
N . T =15% sand ———— Well-graded gravel with silt and sand
GW-GC = <15% sand == Well-graded gravel with clay (or silty clay)
~ =15% sand Well-graded gravel with clay and sand {or silty clay and sand)
e sand = Poorly graded gravel with silt

GP-GM <
~— =15%aand — = Pooety graded gravel with silt and sand
GP-GC — <IS%and ety praded pravel with clay (or silty clay)

- 15% sand Poarty graded gravel with clay and sand (or silty clay and sand)
GM —=——= <5% sand = Silty gravel
—= =15% sand = Silty gravel with sand

GO = <15% sand —= Clayey gravel
= =15% sand ——= Clayey gravel with sand
GC-GM = 15% sand ——— Silty clayey gravel
15% sand = Silty clayey gravel with sand

EW = <15% pravel ——— Well-graded sand

= = praned = Well-gradesd sand with gravel
gravel ——= Poorly graded sand
gravel —= Poarly gradded sand with gravel

gravel ———= Weell-graded xand with silt
5% prave] — = Well-graded sand with silt and gravel

el Well-graded sand with clay (ar sty clay)

pravel ———= Well-graded sand with clay and gavel {or silty clay and gravel)

SP-SM —=—— - ey graded sand with sift
- e oty graded sand with silt and gravel
SP-3C === <15% pravel ~= Poorly graded sand with elay (or silty clay)

T 5% gravel —= Poorly graded sand with clay and gravel {or silty clay and gravel)

gravel ———= Silty sand
Silty sand with gravel

saned

sand with gravel

prancl

% gravel ——= Clay
d —— <I5% gravel ——
T =% grave] ———

Flowchan group names for gravelly and sandy soil (Reprinted with permission from
Annual Book of ASTM Susdards, 2010, copyright ASTM International, 100 Barr Harbor Drive,
West Conshohocken, PA, 194258}
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iraup Symbol Giroup Name
~30% plus = <15% pus No. 200 = Lean clay
Mo, 200 ™ 13-24% plus No. 00 <7 % sand = % gravel = Lean clay with sand
yPI=>Tand ——— % sand < % gravel —+ Lean clay with gravel
plulguu w o o s = % gravel ~_ 7 <15% 1l
l,'l =30 pilus < n clay with gravel
Wline o 200 % sand < % gravel =+ < <15% sand —+ Gravelly lean clay
=13% saml Canelly bean wlay with saimd
|| 3 1y
III' <300 st~ <15% plus No. 00— Silly lay
B, 200 13-29% plus Mo, 200, % samd = % gravel —= Silly dlay witls saim)
li[mmnx‘, =4=p=7 = CL-ML % sand < % gravel — Silly clay with gravel
and plots on % sand = % gravel ——= y elay
wr e =30% plus T lhay with gravel
Aine No, 200 ™ % sand < % gravel == <15% Ity clay
| \ v =15% eand Granally silty chay with cand
| .
| ll', <30% plus = <15% plus No. 200 Silt
L= 50/ Mo 200 15 29% plus No, M= % sand = % gravel — Sill with sand
| ' P dor MI o = gravel — Sill with gravel
| plits below ~ % sand = % gravel = <15% gravel —= Sandy silt
| A line =30% plus <‘ =15% gravel Sandy silt with gravel
o, 200 o sanel < % grivel =—= <13% sand ———= Gravelly sily
II = =15% sand = Granelly silt with sand
¥ Onganic (%« 0.75) —= OL—= Scx Figuic 4.3
. not dric

Fan clay

<. 30% plus T" y
% gravel — Fat clay with sand

% plus N0, 200
% plis No. Ml % sand
Pi plots on % sand < % gravel — Fas clay with gravel

No. 20
=
/or above L oS30 = % gravel = < 13% gravel — Sandy fa1 clay

Adline =30% s < =15% pravel ———» Sandy
Mo, 20 ¥ s

with gravel

5%, sand ———=

e gravel ¥
S 1 sand ——— namh far clay with sand

Inarganic
f <% plus .+ <18% plus No. 20— Elustic silt
o, 200 ~ 15-29% pius No. 2= % sand = % gravel == Elastic silt
PP plots MH %, cand < % gravel — Flactic ilt wi
| below "\u sand = % gravel \' < 5 i
LL = 50f A-line =30% pilis g\
N N S % cand < % gravel = <
T 15% sand = Gravelly clastic silt with sand

¥ Chegaric [’- ’-"'J‘;':l'rli‘:;‘ - n.—.s}——nH —+ See Figure 45

Flowchan group names lor inorganic silly and clayey soils (Reprinted with permission from Annual Book of ASTM Standards. 2010
wupyright ASTM latcrsational, 100 Ban Haibuos Drive, West Comsbolocken, PA, 19428.)

Group Symbal Group Nume

4 <30% plus No, 200 ~_» <15% plus No. 200 Organic elay
™ 15-29% plus No. 200> % sand 2= % gravel = Organic clay with sand
P sand - % gravel — Organic clay with gravel
15%, gravel Sanddy arganic clay

% sand = % gravel =—

P= 4 plots =30% plus Nu, 200 < 13% pravel 3au||J\ wnganic cay witl gravel
on or above "% % sand < % gravel % sand r.-llv arganic L]‘\‘
A-line =13% sand (.llm Cll\' organic c]a\' with sand
oL T plus No. 20 = << |5% plm N 2N [Irganic silt
15-29% plus MNo. "00‘ W sand = % gravel » Orgonic silt with sand
o sand < % gravel —- lllgamc silt mll\ gravel
o o sand = % gravel ~ ilt
PI < 4 ar plois =UN% plies N 2000 <7 with gravel
beluw A-li %o sand =2 % pravel % <15% s ¢ organis sill
* =15% sand Gravelly organie silt with sand
=2300% plus Mo, 200 T «15% plus Mo, 200 Organic clay
/ * 15-19% plus No. zll}‘ o sand = % gravel —= Organic clay with sand
/  sand < % gravel + Organic clay with gravel
e - o sand = % gravel =—- <13% gravel Sandy orgamic clay
Plots on or < = =3 plus No, 200 -< T Sandy organic clay with gravel
abave A-line 0 sand < ie clay
Gravelly urgamic clay with sand
oH L <30% plus No. 200 << <15% plus No. 200 Organic silt

"% 15-29% plus No, ZUU\ P eand = % gravel —= Organic silt with sand

o sand < % gravel — Organic sill with gravel
4 Sandy organie silt
Sandy orgame sit hllh gravel
~ Gravelly organic
Gievelly orpanic 6||l with sand

% sand = % gravel T
Flots below L . =30% plus No. 200 <
A-linc ™= % sand < % gravel .+ <
> =15% ﬂmlﬂ

Flowchart group names for organic silty and elayey soils (Reprinted with permission from Annual Book of ASTM
SBtandards, 2010, copyright ASTM International, 100 Barr Harbor Dirive, West Conshohocken, PA, 19428.)
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