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Infroducao

Os sistemas de classificacdo foram desenvolvidos para fornecerem a
engenheiros e técnicos informacdes gerais sobre a natureza do solo de
um local especifico.

De modo geral, ambientes que possuam caracteristicas semelhantes
produzem tipos de solos similares. E isto que permite o sucesso de
sistemas de classificacdo.

Por que existem tantos sistemas de
classificacao?

Aplicagoes

Linguagens

Cultura



Por que Classificar?

e "O propodsito da classificacdo € organizar 0 Nosso conhecimento de
forma que as propriedades dos ‘objetos’ possam ser lembradas e
suas relacoes entendidas visando um determinado objetivo.”

e “O processo envolve a formacdo de classes por meio do
agrupamento dos ‘objetos’ com base nas suas propriedades
comuns.”

e “Em qualquer sistema de classificacdo os grupos sao formados
tomando-se os aspectos dos quais se tem o maior nuUmero, as mais
precisas e mais importantes informacoes.”

Marlin G. Cline, "Basic Principles of Soil Classification”, Soil Science 67, 1949:81-91.
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Modos de Classificar os Solos

Procedimento:
Natural
Técnico
« Natural: Agrupa os solos por meio de alguma propriedade intrinseca,

comportamento ou génese do solo, sem fazer referéncia ao
Uso.

» Técnico: Agrupa os solos com base em alguma propriedade ou
funcdo que se relaciona diretfamente ao uso do solo.



Como é possivel “traduzir” uma classificagdo em
outra?

 Um relacdo direta entre classificacoes € rara.

e No entanto, muitos conceitos dos diferentes sistemas sdo semelhantes, e
algumas idéias de um sistema podem ser correlacionadas com outro.

Traduzir uma parte
na outra parte

— que é uma questdo
de vida ou morte —

serd arte?

Traduzir-se de Ferreira Gullar



O Relativo e o Absoluto

Quase absoluto

Relativo



Tamanho relativo das parficulas de solo

Barril Prato Moeda

Areia Silte Argila
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Tamanho relativo das particulas de solo

Pedregulho

Areia

Argila

Invisivel nesta escala

mm 1 = 4




Classificacdo por tamanho das parficulas

ABNT,DIN

£ £
E £
S 3 E : £
= < = © -
g o (=] [=] od
Fine Med Coarse
Clay
{Silﬁ':l Gravel
(Colloids) Silt(Size) Sand
MIT, BSI
= z
E = £
TR € : : E ;
= ] o — N w0 o
p =) =) o© o =] o
Fine Med Coarse Fine Med Coarse
Clay
{Si!ﬁ':l Gravel

(Colloids) Silt(Size) Sand

N\



Termos e Qualificacoes

Main terms Qualifying terms
GRAVEL G Well graded W
SAND S Poorly graded P
Uniform Pu
Gap-graded Pg
FINE SOIL, FINES F Of low plasticity (wy < 35) L
SILT (M-SOIL) M Of intermediate plasticity (wy 35-50) I
CLAY C Of high plasticity (w; 50-70) H
Of very high plasticity (wy 70—90) Vv
Of extremely high plasticity (wy > 90) E
Of upper plasticity range (wy, > 35) U
PEAT Pt Organic (may be a suffix to any group) O

Craig (1997)




O solo como um material de engenharia

O solo significa coisas diferentes dependendo de quem defina:

Para um gedlogo — Solo € o produto de um processo pregresso
ocorrido na superficie.

Para o peddlogo — Solo representa a conseqUéncia de processos
fisico-quimicos que estdo acontecendo.

Para o engenheiro — é uma material onde se pode: /
« Construir sobre e dentro dele
« Constfruircom ele



Papel do sistema de classificacdo na engenharia

Propriedades

(w, e, p, S, wl, wp,granulometria, etc)

l

Sistema de Classificacdo

(linguagem)

Propriedades de Engenharia
(permeabilidade, compressibilidade, resisténcia, etc.)
Aplicacao
(Estradas, barragens, fundacoes, aterros, etc.)

Modificado de Holtz & Kovacs (1981)
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Distribuicdo granulomeéetrica

S-eve analysis
(LS. Standard sieve)
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UNIFIED SOIL CLASSIFICATION SYSTEM

Solls are visually classified for engineering purposes by the Unified Solt Classification System. Grain-size analyses and
Attarberg Limits tasts often are performed on selected samples to aid in classification. The classification system is briefly
outlined on this chart. Graphic symbols are used on boring logs presanted in this report. For a more detalied description of
m:ystmn.m'smdecﬁoebeewbﬁonmdIdenﬂﬁaﬁonofsdls(\lxsnlwmrm o
2488-84 and "Standard Test Mathod for Classification of Soils for Engineering Purposes” ASTM Designation: 2487-85.

MAJOR DIVISIONS ) reniieg W] TYPICAL NAMES
=§ e Well graded gravels, gravel-sand
g 2 CLEAN GRAVELS Zv;‘;‘: GwW mixtures, or sand-gravel-cobble mixtures
A3 i .t
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= | ==
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oz | 3 |  ctavsorLowpLasTicTY ’// oL |tmorganic ciays of low to medium
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S8 |33 CLAYS OF HIGH PLASTICITY 7/ CH _|Imommanic clays of high plasticity, fat
Co Ezs (Liquid Limit S0 or more) A clays, sandy clays of high plasticity
wo
ZE |,o | ORGANIC SILTS AND CLAYS OF LOW oL |Organic sits and clays of low to medium
; g Z P | PLASTICITY (Liquid Limit less than 50) plasticity, sandy organic silts and clays
8 | 21253 [ORGANIC SILTS AND CLAYS OF HIGH Organic sifts and clays of high
o5 PLASTICITY (Liquid Limit 50 or more) plasticity, sandy organic silts and clays
ORGANIC PRIMARILY ORGANIC MATTER PT |Peat
SOILs (dark in color and organic odor)
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= : ML orOL Fines (sitt and clay) | Less than No. 200 sieve
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Classificacao Unificada para Solos

Name

Group
Symbols

Laboratory criteria

Fines (%)

Grading

Plasticity

Notes

Coarse
grained
(more than
50% larger
than 63 um
BS or No.
200US
sieve size)

Gravels (more
than 50%
of coarse
fraction of
gravel size)

Well graded
gravels, sandy
gravels, with
little or no fines

GW

0-5

Cy>4
1<C,<3

Poorly graded
gravels, sandy
gravels, with
little or no fines

GP

0-5

Not satisfying
GW requirements

Silty gravels, silty
sandy gravels

GM

>12

Below A-line
orlp <4

Clayey gravels,
clayey sandy
gravels

GC

>12

Above A-line
and [, P >17

Sands (more
than 50%
of coarse
fraction of
sand size)

Well graded
sands, gravelly
sands, with
little or no fines

Sw

0-5

Cu>6
1<Cz<3

Poorly graded
sands, gravelly
sands, with
little or no fines

SP

0-5

Not satisfying
SW requirements

Silty sands

SM

>12

Below A-line
orlp <4

Clayey sands

>12

Above A-line
andIp > 7

Dual symbols if
5~12% fines.
Dual symbols if
above A-line
and4 < Ip <7

Creffg (1997)




Classificacao Unificada para Solos

Name

Group
Symbols

Laboratory criteria

Fine grained
(more than
50%
smaller
than 63 pm
BS or No.
200US
sieve size)

Silts and clays
(liquid limit
less than 50)

Inorganic silts,
silty or clayey
fine sands, with
slight plasticity

ML

Use plasticity chart

Inorganic clays,
silty clays,
sandy clays of
low plasticity

CL

Use plasticity chart

Organic silts and
organic silty
clays of low
plasticity

OL

Use plasticity chart

Silts and clays
(liquid limit
greater than
50)

Inorganic silts of
high plasticity

MH

Use plasticity chart

Inorganic clays of
high plasticity

CH

Use plasticity chart

Organic clays of
high plasticity

OH

Use plasticity chart

Highly organic soils

Peat and other
highly organic
soils

Pt

Craig (19




Carta de Plasticidade

Plasticity Index (PI)
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Exemplo

U5, Srandard sieve openiag {in,)

U5 Srandard sieve numbers
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e 9 . (more than of coarse gravels, with Dual symbols if
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5 1 O > ﬁ'ac(;iqn c;f little or no fines
sand size —
Temen S —— Poorl; ded Sp 0-5 N isfyi
n -k CL‘“L. . / os(:ll;lésg,rgl[zsl\lrelly S\(?:\./t :s?(l]liiflyeurl(%ents
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and Ip > 7
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Table B-3. Characteristics of soil groups pertaining to roads and airfields

Fine-
Grained
Soils

Silts
and
Clays
LL = 50

Silts
and
Clays
LL = 50

Highly Organic
Soils

Inorganic silts and very fine sands,

Value As
Symbols Value As Subbase
SSRRC [ o bt
(1) (2) | (3) (4) (5) (6) to Frost Action (7)
L Well-graded gravels or gravel- llant =
GW E sand mixtures little or no fines Excellent Excellent
Gravlel GP Poorly graded gravels or gravel- | Good to excellent | Good
Grgnglly sand mixtures, little or no fines
Soils d Silty gravels, gravel-sand-silt Good to excellent | Good
GM - g mikures o freee e B
u = Good Fair
Coarse. e EJE‘ fL?ri- grafels. gravel-sand-clay Good Fair
Grained —
Soils =ok Well-graded sands or gravelly i
sW 288 v | sands, litfie or no fines Good Fair to good
[ Poorly graded sands or gravelly ) )
Sand SP sands, little or no fines Fair to good Fair
and
Sandy id ; Fair d
i [ Fair to good alr 10 Qoo
Soils gy . z | Silty sands, sand-silt mixtures B e
u k=] Fair Poar to fair
o
sC Clayey sands, sand-silt mixtures Foor to fair Poor

ML |:|:|I[ rock flour, silty or clayey fine sands | Poor to fair Mot suitable
e clayey silts with slight plasticity
- -
7 o Incrganic clays of low to medium ) ]
CL ? o plasticity, gra{v'ell'-,- clays, sandy Foor to fair Mot suitable
4 clays, silty clays, lean clays
oL |IEI Crganic silts and organic silt- So0r Nt suitable

clays of low plasticity

Inorganic silts, micaceous or

MH |]]] diatomaceous fine sandy or silty Poor Mot suitable
o soils, elastic silts

CH 7 7 o }QDE?:?PSIE clays of hign piasticiy, Foor o fair Maoit suitable

OH 7 Qrganic clays of mediumto high | poor to very poor | Mot suitable

Pt

Orange

plasticity, organic silts

Peat and other highly-organic
s0ils

Mot suitable

Mot suitable

NOTES: 1. Divisions of the GM and SM groups {column 3) into subdivisions of d and u are applicable to roads and
airfields only. Subdivision is based on the LL and Pl; suffix d (for example, GMd) will be used when the LL
is 25 or less and the Pl is 5 or less; the suffix u will be used otherwise.

hitp://www.aretorum.org/guest/General7205iruciure

s/USCS.pdf



Table B-4. Terzaghi classification

Unconfined Compressive
Strength (Tons/Sq Ft)

Consistency

<025 Very soft
0.25 to 0.50 Soft
0.50 to 1.00 Medium
1.00 to 2.00 Stiff
2.00 to 4.00 Very stiff
> 4.00 Hard

http://www.areforum.org/guest/General%20Structures/

USCS.pdf




Table B-2. Characteristics of soil groups pertaining to embankments and foundations

Fine-
Grained
Soils

Silts
and
Clays
LL = 50

Highlg Organic

oils

sanrgs. rock flour, silty or clayey

. Symbols Permeability
Major Divisions || etter[Fatchi Name Value for
atchingl Colon cm per sec
(1) (2) {3) (4) 9 (5) (6) Embankments (7) I 8

Well-graded gravels or gravel- | Very stable, pervious shells of - 10 -2

GW 3 sandlg'niﬂureg. little or |1% fines | dikes and dams k>10
G\;ﬂ"gﬁ' GP & Poarly graded gravels or gravel-| Reasonably stable, pervious k> 102

Gravelly sand mixtures, Tittle or noTines | shells of dikes and dams
Soils GM = Silty gravels, gravel-sand-silt Rgr%%ﬂrlwgr '-!-ysaﬁ?getbnsﬂells, k=10-3
£ | muxtures ut may be used for to 10-°
E |mperu'f'c:u3 cores or blanksts

Clayey gravels, gravel-sand- Fairly stable, may be usad f k=10-F%
Efgirnsei-l GC clay mixiures g i o eﬁiomecorrn: y o e to 10-F
Soil o vell-graded sands or gravelly | Wery stable, [ ti -3

o= sW §?§ - sandg, little or no ﬁnesg ! SEBESE?G& imfr'gaﬁifﬁ = k=10
4 " Reasonably stable, may be 3

Sand | SP ?ﬁ% - g%:,rgr?rs‘aﬁ!%%f’ﬁmgsoﬁm fines | used in dike section with flat k=10

and slopes

Sfc',}fg" 7 . o Fairly stable, not particularly am—3
SM % = | Silty sands, sand-silt mixtures | suited to shells, but may be used k=10 5

4 s for impervious cores or dikes to 10
> |a /ey sands, sand-silt Fairly stable, use for _1n-6
sC mixtures erd:%:s core or flood-control tﬁo— 1% S

- norganic sl ES i]l1:i wany ine Poar 3ti3|3i|it§,-': may be used for

i 10~
ML m fine sands or clayey silts with Egrﬁ%rkmer‘ms with proper to 10~
. = slight plasticity
& | Inorganic clays of low to mediun i ; — 4n -8
g : y Stable, impervicus cores and k=10
CL % |SS%CI1Z' ¢/, gravelly clays, sandy 2
| © Ela'-,-s, Si tygda';.-'szrleaﬁ clays ~ blankets to 10
i Crganic silts and organic silt- ; —
oL d a%- s of low plast cir‘g' Mot suitable for embankments ‘lt‘c: 1% f;

norganic silts, micaceous or oor stability, core of hydraulic- k=104
MH diatomaceous fine sandy or fill dam, not desirable in rolled- to 105
silty soils, elastic silts fill construction 0
2 Inorganic clays of high Fair stability with flat slopes, >
CH ol plasficity, fat:rda-\,ls d thin cores, f:lankets and%?ke tkc:_ %]H -5
- sections
OH % Organic clays of medium to Mot suitable for k=10
i hi lasticity, organic silts embankments to 10—
[+T] B .
pt | B2 | 2 |Peatandother highly organic | Not used for construction
e & s0ils
— O

MNOTES: 1. Values in columns 7 and 11 are for guidance only. Design should be based on actual test results.

2. The equipment listed in column 9 will usually produce the desired densities with a reasonable number of passes

when moisture conditions and thickness of lift are properly controlled.
3. The range of dry unit weights listed in column 10 are for compacted soil at OMC when using the Standard
Proctor Test (ASTM 1557-91).

http://www.areforum.org/guest/General%20Structures/USCS.pdf




Table B-2. Characteristics of soil groups pertaining to embankments and foundations

{continued)

Compaction
Characteristics
(9]

Max Dry Unit Weight
Std Proctor (pcf)

(10)

Value for
Foundations (11)

Requirements
for Seepage
Control (12)

Good; tractor, rubber-tired, ar
steel-wheeled roller

125 -135

Good hearing value

FPositive cutoff

Good; tractor, rubber-tired, or
steel-wheeled roller

115 -12

(&)}

Good hearing value

Fositive cutoff

Good; with close control; rubber-
tired or sheepsfoot roller

120 -135

Good bearing value

Toe trench to none

Fair; rubber-tired or sheepsfoot
roller

Good; tractor

115 -130

110 -130

Good hearing value

Good hearing value

Mone

Upstream blanket and
toe drainage or wells

Good; tractor

100 -120

Good to poor bear-
ing value depending on
density

pstream blanket and
toe drainage or wells

Good with close control; rubber-
tired or sheepsfoot roller

110 -125

Good to poor bearing
value depending on
density

pstream blanket and
toe drainage or wells

Fair; sheepsfoot or rubber-tired
roller

Good to poor; close control

105 -125

Good to poor bear-
ing value

Very poor, susceptible

Mone

Compaction not practical

value

essential: rubber-tired or 85 -120 to liquefaction Toe french to none

sheepsfoot roller

Fair to poor; sheepsfoot or c Good to poor bear- '

rubber-tired roller 95-120 ing value None

Fair to poor; sheepsfoot Fair to poor bearing

roller P a0 -100 value, may have ex- | None
cessive settlements

fnclllnerr to very poar; sheepsfoot 70 - 05 Poor bearing value None

Fair to poor; sheepsfoot 75 105 Fair to poor bearing Mone

roller value

Foor to very poor; sheepsfoot 65 -100 Wery poor bearing N

roller o ong

FRemove from foundations

V

hﬁp://www.oreforum.org/guesT/Generol‘%205fructures/USCS.pdf



Caracterizacao das Argilas e Areias

V



Comportamento das Argilas

Estrutura indice de vazios
| |
|
Sensibilidade das argilas
(Indice de estrutura) Consisténcia
Ensaio de compressédo indice de I_Ens?lo de~comp]rfsszo
simples (ndo confinada) consisténcia simples (ndo confinada)
[
[ |
Indeformado Remoldado
— — Consisténcia Resisténcia (kPa) AC
LL —W Muito mole <25
R, Rg C = Mole 25a50 <05
| | LL _ LP Média 50 a 100 0,5a0,75
| Rija 100 a 200 0,75a1,0
R Muito rija 200 a 400 >1,0
Sensibilidade(S) = —- Dura > 400
RR
indice de
liquidez
S Classificacao
1 Insensivel Il = w-LP
la2 Baixa sensibilidade LL=LP
2a4 Média sensibilidade
4a8 Sensivel
>8 Ultra-sensivel




Formacao das Argilas

sucessivas posicoes da
superficie do solo

erosqo
""""""""" (sobre-adensado)
"""" o 7
s===csoodsoscsoo:
Gh 4’.

deposicao
(hormalmente adensado)



. . Drenado
. foiclesonananc > O
aixa permeabilida Nd&o drenado

7

* Variabilidade natural dos solos
* Variabilidades nos procedimentos (detalhes) dos ensdiés



Sensibilidade das Argilas

Dispersed clay mineral structure

=
e

Flocculated clay mineral structurs

Matural clay deposit structure

After Dissolution of Salts
& Compaction

House of Cards Structure
theld together by salts)

http://www.tulane.edu/~sanelson/geol204/slopest

abilitv htm




hitp://www.ngi.no/en/Areas-of-research-and-
development/Soil-and-rock-slides/The-Quick-Clay-

Landslide-at-Rissa---1978/



PLASTICITY INDE %

Atividade de uma Argila

Indice de plasticidade (1)

Indice de Atividade=

Fracao Argila (< 0.002mm)

70
{1 N E— ‘ T
very hlgh

Flasticity Index. Ip (%)

0 0 20 30 40 50 60 70

120 ‘
r—” SHELLHAV EN
O ,(1-33)
gOl————— ©F THE cLavs . LF/
o) LONDON CLAY
/ fo-95)
o .
[Ye! s ]
/A
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Limites de Aterberg
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Estados do solo e sua relacdo tensdo deformacado
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Comportamento das Areias

Forma dos Graos

Compacidade

indice de vazios

Distribuicdo granulométrica

Méaximo Minimo
Areia uniforme de gréos angulares 1,1 0,70
Areia bem graduada de grdos angulares 0,75 0,45
Areia uniforme de gréos arredondados 0,75 0,45
Areia bem graduada de grads arredondados 0,65 0,35

indice de Compacidade Relativa
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Indice de Vazios Maximo e Minimo de Areias
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