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University Tennessee at Chattanooga
ENCE 3610 Soil Mechanics

Lecture 2

Size Gradation of Solil Particles
Soil Classification



Importance of Particle Size and
Gradation

e Of all of the characteristics of
soils, particle size is the single
most important one

e Soils respond differently to loads
and many other actions
(compaction, addition of water,
etc.) based on their particle size

e Unfortunately virtually any soil
sample is a composite of different
particle sizes, and the proportion
of the different particle sizes is
also important in determining soil
properties

Figure 2-2. Example of laboratory sieves for mechanical analysis for grain size

® \We must be able to determine the distributions. Shown (right to left) are sieve nos. 3/8-in (9.5-mm), No. 10 (2.0-mm), No. 40

(0.425 mm) and No. 200 (0.075 mm). Example soil particle sizes shown at the bottom of the

d IStrI but|0n Of d Iﬁe rent parthle photo include (right to left): medium gravel, fine gravel, medium-coarse sand, silt, and clay
sizes in a given soil sample (Kaolin) (FHWA, 2002b).



Gradation Tests

— ASTM # Description Sample Size

D6913

D7928

Particle-Size Distribution 50 g — 70 kg

(Gradation) of Soils (depends upon
Using Sieve Analysis particle size)
Particle- Size 50 g (dry)

Distribution (Gradation)
of Fine-Grained Soils
Using the Sedimentation
(Hydrometer) Analysis

Comments

For maximum particle size
(99% passing):

0.425 mm: 50 g required
2mm: 50g

50 g —70 kg

4.75mm: 759

9.5 mm: 165 g

19 mm: 1.3 kg

25.4 mm: 3 kg

38.1 mm: 10 kg

50.8 mm: 25 kg

76.2 mm: 70 kg

Passing No. 10 sieve and
retained on No. 200 sieve



Sieve Analysis

‘ Primarily applied to granular (cohesionless)

solls

‘ Passes soil sample through a series of

sieves of varying mesh fineness

‘ Different portions of soil with different grain

size pass through each mesh

‘ Distribution of grain sizes constructed and

plotted

Number 200

Figure 4-3. Dry sieve analysis.



Table 2-3

U.S. standard sieve sizes and corresponding opening dimension

U.S. Standard
Sieve Sizes

U.S. Sieve Sieve Comment
Standard | Opening | Opening | (Baged on the Unified Soil Classification System
Sieve No." (in) (mm) (USCS) discussed in Chapter 4)
3 0.2500 6.35
¢ Breakpoint between fine gravels and coarse sands
4 0.1870 4.75
¢ Soil passing this sieve is used for compaction test
0.1320 3.35
0.0937 2.36
10 0.0787 2.00 ¢ Breakpoint between coarse and medium sands
12 0.0661 1.70
16 0.0469 1.18
20 0.0331 0.850
30 0.0234 0.600
40 0.0165 0.425 * Breakpoint between medium and fine sands
¢ Soil passing this sieve is used for Atterberg limits
50 0.0117 0.300
60 0.0098 0.250
70 0.0083 0.212
100 0.0059 0.150
140 0.0041 0.106
200 0.0029 0.075 ¢ Breakpoint between fine sand and silt or clay
270 0.0021 0.053
400 0.0015 0.038
Note:

1. The sieve opening sizes for various sieve numbers listed above are based on Table 1
from ASTM E 11. Sieves with opening size greater than No. 3 are identified by their
opening size. Some of these sieves are as follows:

4.01in
3.0in
2-1/2 in
2.01in
1-3/4 in

(101.6 mm) 1-1/2in  (38.1 mm) Y2 in (12.7 mm)
(76.1 mm)* 1-1/4in  (32.0 mm) 3/8in (9.5 mm)
(64.0 mm) 1.0 in (25.4 mm) 5/16in (8.0 mm)
(50.8 mm) ¥ in (19.0 mm)**

(45.3 mm) 5/8 in (16.0 mm)

* The 3 in (76.1 mm) sieve size differentiates between cobbles and coarse gravels.
**The % in (19 mm) sieve differentiates between coarse and fine gravels.




Sieve Analysis for

Cohesionless Soils




Results of Sieve Analysis

.8, ) Retained on Cumulative Cumulative
smn.durd Total dry weight of sieve refained passing
Shie soil sample sieved
%
Nos 2000 g g Ye g % g
1 2 3 4 ) & 7 8
G
i 0.00| 000 000 | 0.00
200,00 10000
0 z8a| 142 | 284| 142
19T .16 | 2B.58
ke 566| 2.83 B50| 425
191 50 [ 95.75
0 46,04 | 23.02 | 5459 | 2TET
14546 | 7272
60
44002200 | 9854 | 4927
101 .46 | 50.73
e 2364|1182 (12218 | B1.08
77.82 | 3891
140 11.26| 5.63 | 13344 | 6672
©6.56 | 33.28
200 63.16| 31,58 |19660 | 98.30
-__ﬁ___.-—a._a 1170
-200 | 1
s 3401170920000 | 100,00
200.009|10000%|

Figure 5-2. Example grain size distribution based

on sieve analysis (Jumikis, 1962).
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PERCENT PASSING

Blank Gradation Chart from DC

(the best to use)

-1207

SIEVE ANALYSIS - US STANDARD SIEVE SIZES

——SIZE (nches) > « SIEVE NUMBER > HYDROMETER ANALYSIS
3 2 1 112 114 16 30 50 80 140
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Sample Results of Sieve Analysis

GRAIN-SIZE ANALYSIS (SIEVE METHOD}

1. PROJECT

GRAIN SIZE DISTRIBUTION GRAPH - AGGREGATE GRADATION CHART

1. PROJECT

Edginleer. LenTer. EXPANSION

[e-P-T

2. DATE

L Deeqq

2. DATE
Elanlecr. cenTeER EXPAaniSion \ Dec 99
3. JOB NUMBER | 4. EXCAVATION 5. DATE COMPLETED
[C-P-T S -C < Deeq9
6. NOTES ABOUT SAMPLE/DESCRIPTION 7. SAMPLE NUMBER
Rep 1N co Lor, very Frd e SrUDS 8. omemm.‘g;mpclf;vJELr’sHT
9. PREWASHED 10. + #200 SAMPLE WEIGHT, WASHED 11. - #200 SAMPLE WEI.GHT. WASHED
T ¥] ves [ Ino I o A K ey | 569.7
12, 13. 14, 15, . . 18.
SIEVE SIZE SIEVE WEIGHT SIEVE-SAMPLE WEIGHT CUMULATIVE PERCENT PERCENT
WEIGHT RETAINED WEIGHT RETAINED RETAINED PASSING
2 5845 5g4.5 & o o (oo
12" EIENA 197.3 231 421 (.9 a9,
3y 1.2 | 928.2 | Jelo 244.7 3.7 g o
VAN Sdo.4 | l1efY Lzgo | ¥72.7 /4.3 g6 |
4 200 L24.8 111. % 495.5 z.-7 7.4
el T Yot R 226.9 YA /<£88. ] 4.5 1.9
#20 3950 R26.6 224 ¢ [LR2.5 5.1 L2.7
o Yo2.0 =343 232.% /364 8 5.% 57.4
*lots 523.5 k. 422.9| zz97.7 4.9 476
6 3514 (552 3638 | Zeor.s5 c.9 HYo.b
et loYe) 265.2 %28.9 3.7 | 26e5.2 L.5 39. 2
=260 34§ 460.1 13 . 2118, % 2.6 ET A
19, TOTAL WEIGHT RETAINED IN SIEVES (Sum of column 15) 24. ERROR (8.2 25. ERROR IN PERCENTAGE
' 2171%.8
20. WEIGHT SIEVED THROUGH #200 weight in pan) RZ. q ( 28_4 ) X 100=
Udodt. T
21. WASHING LOSS (8-[10+ 11}
26.% ’_ﬂg’_&- ————-—2'3'3 X160 = D.S%
22. TOTAL WEIGHT PASSING #200 SIEVE 20+ 11) /LO P G 2% . 3 4404-.7
23. TOTAL WEIGHT OF FRACTIONS 19+ 22) 4 3?,. 4

SIEVE ANALYSIS - US STANDARD SIEVE SIZES

————SIZE (taches) —_—p ————— SEVE NUMBER —————————————

HYDROMETER ANALYSIS

26. PERCENT GRAVEL (% G/

22.6%

27. PERCENT SAND (% S/

Yo.%%

28. PERCENT FINES (% F)

26.L%

29. DECIMAL FINES (% F+ 100}

30. REMARKS
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3. TECHNICIAN (Signature)
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PREVIOUS EDITION IS OBSOLETE.

DD FORM 1207, DEC 1999
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(Gradation

4.2.1.1 Classification of Coarse-Grained Soils

Coarse-grained soils are defined as those in which 50 percent or more by weight are retained
on the Ne. 200 sieve (0.075 mm). The flow chart to determine the group symbol and group
name for coarse-grained soils is given in Figure 4-1. This figure is identical to Figure 3 in
ASTM D 2487 except for the recommendation to capitalize the primary soil type; e.g.,
GRAVEL.

¢ The shape of the grain-size distribution (GSD) curve or “gradation curve” as it
is frequently called, is one of the more important aspects in a soil classification
system for coarse-grained soils. The shape of the gradation curve can be
characterized by a pair of “shape™ parameters called the coefficient of uniformity, C,,
and the coefficient of curvature, C,, to which numerical values may be assigned. By
assigning numerical values to such shape parameters it becomes possible to compare
grain-size distribution curves for different soils without having to plot them on the
same diagram. In order to define shape parameters certain characteristic particle sizes
must be identified that are common to all soils. Since the openings of a sieve are
square, particles of many different shapes are able to pass through a sieve of given
size even though the abscissa on the gradation curve is expressed in terms of particle
“diameter,” which implies a spherical-shaped particle. Therefore, the “diameter”
shown on the gradation curve is an effective diameter so that the characteristic
particle sizes that must be identified to define the shape parameters are in reality
effective grain sizes (EGS).

A useful EGS for the characterizing the shape of the gradation curve is the grain size
for which 10 percent of the soil by weight is finer. This EGS is labeled Dyo. This
size is convenient because Hazen (1911) found that the ease with which water flows
through a soil is a function of the Dyp. In other words, Hazen found that the sizes
smaller than the Dy, affected the permeability more than the remaining 90 percent of
the sizes. Therefore, the Dy is a logical choice as a characteristic particle size. Other
convenient sizes were found to be the Dy and the Dy, which pertain to the grain size
for which thirty and sixty percent, respectively, of the soil by weight is finer. These
EGSs are used as follows in the Unified Soil Classification System (USCS} for the
classification of coarse grained soils.

¢ Slope of the gradation curve: The shape of the curve could be defined relative to an
arbitrary slope of a portion of the gradation curve. Since one EGS has already been
identified as the Dy, the slope of the gradation curve could be described by
identifying another convenient point (EGS) that is “higher” on the curve. Hazen

selected this other convenient size as the Dy that indicates the particle size for which
60 percent of the soil by weight is finer. The slope between the Dgo and the Dy can
then be related to the degree of uniformity of the sample through a parameter called
the “Coefficient of Uniformity” or the “Uniformity Coefficient,” C,, which is
expressed as follows:

D
c, == 4-1
I

¢ Curvature of the gradation curve: The second “shape” parameter is used to
evaluate the curvature of the gradation curve between the two arbitrary points, Dy
and Dyg. A third EGS, Dy, that indicates the particle size for which 30 percent of the
soil by weight is finer, is chosen for this purpose. The curvature of the slope between
the Dgo and the Dy can then be related to the three EGS’ through a parameter called
the “Coefficient of Curvature” or the “Coefficient of Concavity” or the “Coefficient
of Gradation,” C,, which is expressed as follows:

2
o= _Ds 42
Dgo xDip
By use of the two “shape” parameters, C, and C,, the uniformity of the coarse-grained soil
(gravel and sand) can now be classified as well-graded (non-uniform), poorly graded
(uniform), or gap graded (uniform or non-uniform). Table 4-10 presents criteria for such
classifications.

Table 4-10

Gradation based on C, and C. parameters
Gradation Gravels Sands
Well-graded Cy>4and 1<Cc<3 Cy>6and1<Cc<3
Poorly graded Cy<dand 1 <C.<3 Cp<band 1 <C.<3
Gap graded* C, not between 1 and 3 C, not between 1 and 3
*Gap-graded soils may be well-graded or poorly graded. In addition to the C. value it is
recommended that the shape of the GSD be the basis for definition of gap-graded.




Soil Gradation

a. Well graded

o ¥ i
i, O
T I g A

c. Gap graded

b. Uniformly or poorly graded

Figure E-2. (Concluded) Figure E-2. Photographs of several soils to aid in selecting terms for describing the gradations of
coarse-grained soils (Continued)



" Angularity
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b. Subrounded

d. Angular
Angular particled soils generally exhibit better engineering properties; also can frequently pass larger

Figure E-3. Photographs of several soils to aid in selecting terms for descr %gr ggrlﬁssh%!el;?ugh a glven sieve size

coarse-grained soils (Continued) Figure E-3. (Concluded)



Example of
(Gradation

U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS I HYDROMETER
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0 : \ s 3 dl
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GRAIN SIZE IN MILLIMETERS
GRAVEL SAND
’\ Sorets } coarse |  fine ‘coarsel medium | fine ‘ SILTIOR GLAY l
Curve Dio D3 Deo Cy Cs Gradation
(mm) (mm) (mm)
A 0.075 0.2 0.6 8.0 0.9 Well graded (1)
B 1 1.5 2 2.0 1.12 Poorly graded - Gap graded (2)
C 19 25 27 1.4 1.2 Poorly graded
(1) Soil does not meet C, and C, criteria for well-graded soil but GSD curve clearly
indicates a well-graded soil
2) The C, and C, parameters indicate a uniform (or poorly) graded material, but the

GSD curve clearly indicates a gap-graded soil.

Note: For clarity only the Dy, D3, and Dgg sizes for Curve A are shown on the figure.

Figure 4-2. Evaluation of type of gradation for coarse-grained soils.




Hydrometer Test (for fraction
smaller than #200 sieve)

For particles smaller than about 0.05 mm the grain size can not be determined by sieving. because the size of the holes in the mesh would
become unrealistically small, and also because during shaking the small particles might flv up in the air, as dust. The amount of particles of a
particular size can then be determined much better by measuring the velocity of deposition in a glass of water. This method is based upon a

formula derived by Stokes. This formula expresses that the force on a small sphere, sinking in a viscous fluid. depends upon the viscosity of the
fluid, the size of the sphere and the velocity., Because the force acting upon the particle is determined by the weight of the particle under water,

the velocity of sinking of a particle in a fluid can be derived. The formula is
- (A.’JJ' B “-r_i'r:“[_)2 I:
18 "

]
]

where -, is the volumetric weight of the particle, 5 is the volumetric weight of the fluid, D is the grain size, and p is the dynamic viscosity of
the fluid. Because for very small particles the velocity may be very small, the test may take rather long.
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Properties of Clay Soils

Plasticcly Sl
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States of Clay Soils

Velume; V Shrinkage Plastic Liquid
A Limit (SL) Limi'l:I (PL) LimitI (LL) A
I [
: 3 l'-azizé:'}
ZqWater
¢« Solid | Semi-solid Plastic |  Liquid OMentWw

Phase ’ Phase | Phase ‘ Phase 7~

Figure 2-5S. Conceptual changes in soil phases as a function of water content.



Atterberg Limits

Shrinkage Limit (SL)

Plastic Limit (PL)

Liquid Limit (LL)

Plasticity Index PI=LL — PL
Liquidity Index LI =
(w-PL)/PI

Consistency Index Cl or I, =
(LL-w)/PI

The more plastic a soil, 1t will:

O Be more compressible

O Have higher shrink-swell
potential

O Be less permeable

Help identify and classify the soil.

PI (plasticity index) is an indicator
of soil compressibility and
potential for volume change.

PL (plastic limit) can indicate 1f
clay has been preconsolidated.
Most soils are deposited at or near
their liquid limit. If the in situ
natural water content (w) is near
the plastic limit (PL), then the soil
1s probably preconsolidated. Some
stress has been applied in the past
to squeeze that water out.

PL, LL, PI, LI and CI are always
expressed as percentages



Liquid Limit Test

Several samples are
prepared with varying
moisture contents
Specimens placed in

bottom of cup and split
with grooving tool

Crank turned and cup 1s
impacted until groove is
closed

LL is moisture content at

which groove closes with
25 blows




Plastic Limit Test

Samples prepared at
varying moisture contents

Sample rolled out on glass

plate to 4.2 mm (1/8”)
diameter
PL 1s defined as the - L. o
. . o T
moisture content at which P g
rolled sample crumbles »! S
ol N - ’
& . -_' I s P w
L W y 4 ‘ -



DATE
ATTERBERG LIMITS DETERMINATION 2 npe 1970
PROJECT EXCAVATION NUMBER SAMPLE NUMBER
BriTr AirrFieLo 248/ B-P3-/
LIQUID LIMIT, Wy
RUN NUMBER 1 z 3 &
TARE NUMBER o/ 42 <3 L
A WEIGHT OF WET SOIL + TARE Yoy H4.87 di1.07 H§H7.27
8. WEIGHT OF DRY SOIL + TARE /.08 o/ 52 28.16 38 39
C. WEIGHT OF WATER, W,, (A.-8.) 3.33 327 2.9/ 2.88
D WEIGHT OF TARE 3d.04 34.29 3/.88 32.C06
E WEIGHT OF ORY SOIL, W, (B.-D.J| 7.0% 7.23 .28 633
x
WATERCOM“'ENT,W-(w‘1 x 100) 473 9‘66 (7/63) 5.5
NUMBER OF 8LOWS /5-77-/& 23-24 29-28-30 33-33
W We Ip fwr - wpl
LL=46 FPe=/8 PI=28
Liquid and N
iquid a H ~
A
T ¢ 2
| | | n E -
Plastic Limi L i
c . #5
O o
N
T E t)
esStl oadmpie !
T,
v L}o
Results :
M|
5 6 7 8 9 10 15 20 25 30 40 50
NUMBER OF BLOWS
PLASTIC LIMIT, W, NATURAL
RUN NUMBER ; Z 3 CoaTEnT
TARE NUMBER o 5 46 o7 48
P WEIGHT OF WET SOIL + TARE 56.21/ 56.15 60.60 58.72
G. WEIGHT OF DRY SOIL + TARE 5530 54.89 Go. /0 57 82
H WEIGHT OF WATER, W (F.-G.) 0.3/ o.26 0.50 ©.90
| WEIGHT OF TARE 54,10 $3.40 572,43 §£5.02
1 WEIGHT OF DRY SOIL. W(G. -1.) /. 80 1.49 2.67 2.80
WV,
WATER CONTENT. w = ( == 100) )72 1.4 /8.7 32./
-1
PLASTIC LIMIT, Ip(Average w)
REMARKS _ , o .
~Gsagran e Qroceing 7oo! wsed /’zr,w/a’ fomits (t) test.
~ /

TECHNICIAN (Signature)

2(/244,.%9* —

COMPUTED BY (Signature)

o Lot

CHECKED BY (Signature)

DD Form 1209, AUG 57




Atterberg Limit Example

Given soil with following Solution

Atterberg Limits: PI=LL - PL
LL =46 PI=46 - 18
PL=18 PI =28

Find Holtz and Kovacs
Plasticity Index Methgd for SL in
Shrinkage Limit Using eq;llg .t}&ano_nzé_ 5P]
Holtz and Kovacs’ SL ~ PT + 6.4
“Quick and Dirty '
Method”

ST~ 46.4 x 46 — 43.5 x 28
28 + 46.4

SL ~ 12



Consistency

Refers to the texture and strength of a cohesive soil

Can be measured 1n the field with pocket penetrometers,
vane shear or torvane testers

TABLE 4-7 EMPIRICAL VALUES FOR UNCONFINED COMPRESSIVE STRENGTH (qu)
AND CONSISTENCY OF COHESIVE SOILS BASED ON UNCORRECTED N

(after Bowles, 1977)

Consistency Very Soft Soft Medium Stiff Very Stiff Hard
qu, kPa 0-24 24 — 48 48 -96 | 96-192 | 192 - 384 384+
(ksf) (0—0.5) [(0.5-1.0)]{(1.0-2.0)|(2.0—4.0) | (4.0—8.0) (8.0+)
Standard
Penetration
N value 0-2 2-4 4-8 8-16 16 - 32 32+
vy (saturated),
kN/m? 15.8-18.8/15.8-18.8({17.3-20.4(18.8-22.0{18.8-22.0{18.8-22.0
(Ib/ft%) (100 — 120)|{(100 — 120)|(110 — 130)|(120 — 140)|{(120 — 140)|(120 — 140)

The undrained shear strength is 1/2 of the unconfined compressive strength.

Correlations are unreliable. Use for preliminary estimates only.




Methods of Classifying Soils

USDA Method

Developed primarily for
agricultural and surface soil
purposes

Not used often in soil
mechanics

Unified Classification System

Developed by Arthur
Casagrande during World War
IT for the U.S. Army Corps of
Engineers

Most widely used
classification system

AASHTO System

Originally developed in the
1920’s as the Bureau of Public
Roads system

Primarily aimed at
classification for pavement
purposes
All methods similar, but
differences are significant
enough that they should be
understood



USDA System
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Figure 5-10. US Department of Agriculture textural classification chart.



Unified Classification System

Primary Characteristics

G 1 Secondary Characteristics
: gravels .
3 sands W: well graded
C: clays P: poorly graded
M:silts S M M: silty (as opposed to a
O: organic soils predominant silt in the
13 ToeEl left column)
o Gp- Poor ;r?'::‘* C: clayey (as opposed to
o 5;{;”’” a predominant clay in the
. 3 ﬁi’?;ﬁjﬂ left column)
S0 Ciagey L: lean (LL < 50)

C{ay = CL

St (o) L] towpt H: fat (LL > 50)

ﬂrgﬂn:f - oL ""i <50

' - MH
?{j; (m2) i He .3!-: Jp.!'aj‘ﬂrafﬂfff
Organcc - OH t, =350
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First Decision for Unified System:
Coarse or Fine Grained?

Table 4-8
Basic USCS soil designations based on percent passing No. 200 sieve (0.075 mm) (after
ASTM D 2487; Holtz and Kovacs, 1981)

Coarse-Grained Soils Fine-Grained Soils
ﬁf—\ ~_~ -
?: [ A
3l E |
& % = ML
{g]\:iv é"f; vGrave[ {G Silt MH
ol 1S OH
L
swo |.E SM CL
= Sand
SP 3 sSC Clay <{CH
5 OL
m
05 12 S50 100 %
percent passing the 200 sieve
Soil Type: G = Gravel S = Sand M = Silt
C = Clay O = Organics




Soil Classification Chart (Laboratory
Method)

Table 4-9

Soil classification chart (Iaboratory method) (after ASTM D 2487)

Criteria for Assigning Group Symbols and Group Names
Using Laboratory Tests"

COARSE-GRAINED SOILS (Sands and Gravels) - more than

Sail Classification

Table 4-9 (Continued)
Soil classification chart (laboratory method) (after ASTM D 2487)

— =gy R

50% retained on No. 200 (0.075 mm) sieve E?’mﬁpl Emul?}
FINE-GRATNED (Silts and Clays) - 30% or more passes Lhe ymho ame
No. 200 (0.075 mm) sicve
GRAVELS |CLEAN .. . e Well-graded
- - =244 g e W -3
GRAVELs ~ |C2dmdlsCesd W loravel
Morc than . . e Poorly-graded
30% of < 3% fincs Co<dandior > C.> 3 GP gravel’
;(:"?Siim GRAVELS Tines classify as ML or MIT GM__|Silty aravel™®®
1‘e£1iued on WITITTINES Cl
H - - - - davev
) T'mes classity as CL or CII GC ) ‘a}_ey{m
No 4 oAb g oravel'*
g; > 12% of fines
Sieve
SANDS CLCAN o e - |Well-graded
SANDS Cy6and | <C, <3 SW Qo
50% or more T ot e qE o Poorly-graded
ol coarsc < 5% fines®t Co=Gandior 1> C. > 3 Sl sand'
fraction SANDS WITH |Fines classify as MI. or MH SM|Silty sand®™
passes No. 4 [FINES
Siev. O .~ |Clayey
Steve I'mes classity as CL or CII 5C cndei
> 12% fines' sand
PI= 7 and plots on or above . T 1Y
SILTS AND | Inorganic "A" ling Cl.|lean clay
CLAYS PI<4or plots below "A" line' | ML [Sil"™
Organic
Liquid linut Oraan Liguid limit - overdried 0.75 or ol qlon
- '0q - = AL -
less than 50 gante Liguid limit -not dricd " |Organic
i PLA R )
silt
SILTS AND N PT plots on or above "A" line CH  [Fat clay®™
., Inorganic —_— ——rT
CLAYS Pl plots below "A" line MH  |Elastic silt
e Organic
Liquid limit . Ll{.lluth.nll. oven d.ru,d 075 clayta
50 or more Organic Liquid limit - not dried OH Oreaic
silfma
Highly A SR S T S SN
fibrous Primary organic matter, dark in color, and Pt |peat

organic soils

organic odor

NOTES:

a

b

o

p
|

Based on the material passing the 3 in (75 mm) sieve.
If field sample contained cobbles and/or boulders, add “with cobbles and/or boulders”
to group name.
Gravels with 5 to 12% fines require dual symbols:
GW-GM, well-graded gravel with silt
GW-GC, well-graded gravel with clay
GP-GM, poorly graded gravel with silt
GP-GC, poorly graded gravel with clay
Sands with 5 to 12% fines require dual symbols:
SW-SM, well-graded sand with silt
SW-SC, well-graded sand with clay
SP-SM, poorly graded sand with silt
SP-SC, poorly graded sand with clay
Ds o _(Do)
D (Do) (Do)
[Cy: Uniformity Coefficient; C.: Coefficient of Curvature]
If soil contains > 15% sand, add “with sand” to group name.
If fines classify as CL-ML, use dual symbol GC-GM, SC-SM.
If fines are organic, add “with organic fines” to group name.
If soil contains > 15% gravel, add “with gravel” to group name.
If the liquid limit and plasticity index plot in hatched area on plasticity chart, soil is a
CL-ML, silty clay.
If soil contains 15 to 29% plus No. 200 (0.075 mm), add “with sand” or “with gravel,”
whichever is predominant.
If soil contains > 30% plus No. 200 (0.075mm), predonunantly sand, add “sandy” to
group name.
If soi1l contains > 30% plus No. 200 (0.075 mm), predominantly gravel, add “gravelly”
to group name.
PI> 4 and plots on or above “A” line.
PI <4 or plots below “A” line.
PI plots on or above “A” line.
PI plots below “A” line.

Cll




Plasticity Chart

PLASTICITY INDEX(PI)

60 vz

For classification of fine-grained soils )%

and fine-grained fraction of coarse-grained //

soils. ' y : V.
50} —— . .

Equation of "A"~line & Q//

Horizontal at PI=4 fo LL=25.5, N SR N

then PI=0.73 (LL-20) N/ Q y
40 . W . 4

Equation of "U"-line Q

Vertical ot LL=16 to PI=7 e OQ\

then PI=0.9(LL-8) /
30 I~ II

/./
/ \VZ
20} O
e & MH or OH
(¢
/
0 7 |
- OR
Z, = STET MLorOL
I
OO ‘ 10 16 20 30 40 50 60 70 80 90 100
LIQUID LIMIT (LL)

Figure 4-3. Plasticity chart for Unified Soil Classification System (ASTM D 2487).

¢



Importance of Plasticity Index and “A”
Line
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Location of clay minerals on the
Casagrande Plasticity Chart

Plasticity index
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Unified Classification Example
(Soil A)

SIEVE ANALYSIS HYDROMETER ANALYSI
SBILE OF OFEMING IN INCHES I MESH ODFENINGS PFPEHR INCH, W.S, ’THNUHRE SIEVE GRAIN SIZTE 1IN MILLIM
P~ ™
T M Y c o 8 3 9 33 88 Ssss3zg g 888883 8 8
— —1
90 ~
\ x
Y
i N X
X
N \

70 N, 30
i AN SOIL B -
- = LY ‘ ‘15
o LY e
w g0 A g
= SOIL A _A\ 3
5 N m
= ! e
w o ' ¥ &
= A Y o
™ A g
'E 3]
w 40 =
Q =
= w
£ \ E

30— - LY 70 &

20 Y

X
10 \
X
0 &lgléc'c’ clI al t_')l[r"!'l[l [ 1 |1 [ 1] 1 11 —
O T o - e R ki R eNY W 9N — B &883 28 8 =Y P
- : GRAIN SIZE IN MILLIMETERS | ' § §§ é § 8
Coarse Fine Coarse Medium Fine
COBBLES SARGEL SANG FINES

UNIFIED SOIL CLASSIFICATION




Unified Classification Example

Given Result of Atterberg Limit
, Tests (for portion passing #40
Results of Sieve Test sieve)
Uniformity Coefficient Liquid Limit LL = 63
C,=8.1 Plastic Limit PL = 42
Curvature Coefficient Plasticity Index = LL-
C.=09 PL=21
Percentage Passing Find
#7200 Sieve = 10% Unified Soil Classification

Percentage Passing #4
sieve = 89%



Unified Classification Example

Question 1: Question 2:
What 1s the percentage of the What is the percentage of the
material passing the #200 (0.074 coarse fraction which is
mm opening) sieve? gravel?
Answer: Answer:
10%. Since this is < 50%, the 11% of this sample is retained
soil 1s a cohesionless (coarse on the #4 sieve
grained) soil This represents 11/(100-10) =
Remaining: “G” or “S” 12.2% of coarse fraction
classification soils Since this is < 50%, this

eliminates all of the “G”
classification soils

Remaining: “S” classification
soils



Unified Classification Example

Question 3:
How “clean’ are the sands?
Answer:

“Clean” sands or gravels have
less than 5% of the material
passing the #200 sieve

Sands (or gravels) “with fines”

have more than 12% of material

passing the #200 sieve

Since 5% < 10% < 12%, no

classifications are eliminated
Remaining: “S” classification
soils

Question 4:
How 1s the soi1l graded?
Answer:

Uniformity Coefficient C_
= 8.1, Curvature
Coefficient C, = 0.9.
For SW,C >6and 1 <
C. <3, so this 1s
eliminated
Remaining: SP, SM and
SC



Unified Classification Example

Question 5:
What are the Atterberg Limits?

Answer:
Liquid Limit LL = 63, Plastic
Limit PL = 42, Plasticity Index =
LL-PL=21
A-Line Analysis: PI=0.73(LL -
20)=31.39> 21, so below the
“A” Line
“A” Line analysis eliminates SC
classification

Remaining: SP and SM

Final Classification

Atterberg Limit 1s below
the “A” line, so SM is
possible

C, and C_do not meet the
classification for SW, so
SP 1s possible

Soil in question is subject

to a dual classification, or
SM-SP



Unified Soil Classification Example,
Using Original Gradation Information

Since less than 5% of the sample
passes the #200 sieve, we can
say the following:
© Soil is a sand (S) or gravel
(G)
©  We can eliminate any soils
but “W” (well graded) or “P”
(poorly graded) soils
Since all of the sample passes the
#4 sieve, there is no gravel, thus
the sample is sand, thus we are
left with SW or SP
D,, =0.35,D,,=0.1,D,,=0.08
from chart, thus C, = D, /D,, =
0.35/0.08 =4.375and C_ =
D,,?/(D,,Ds,) = (0.1)%/((0.08)(0.35)
= 0.357
We can see that neither C, is nor

C, is in the range for well-graded

status, thus it is a poorly graded
sand (SP)

U.5. SIEVE OPENING IN INCHES U.S. SIEVE NUMBERS

4 2 1 12 § 10 16 30 S0 100 200
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Figure 5-3. Grain size distribution curve hased on data in Figure 5-2.



AASHTO System

Table 1-5

AASHTO Soil Classification System

Instructions: Work from left to right checking each column. The classification is the first one that matches all the criteria in the column.

o Coarse-grained (granular) Materials Fine-grained (Silt-Clay) Materials Highly
General Classification
(35% or less passing No. 200 sieve) (more than 35% passing No. 200 sieve) Organic
Group Classification aal di Al A4 AS oAb e A
3 A-1-a  A-1-b A-2-4 A-2-5 A-2-6 A-2-7 A-7-5 A-7-6
Sieve analysis
Percent passing:
#10 (2 mm) <50
#40 (0.4 mm) <30 <50
#200 (0.075 mm) <15 <25 < <35 <35 <35 <35 =236 =236 =236 =236 =36
Characteristics of
fraction passing #40
Liquid Limit <40 241 <40 =41 <40 =41 =40 =41 =41
Plasticity Index <6 <6 NP2 <10 <10 211 211 <10 =10 =211 =11 =11
Usual types of significant Stone
constituent materials fragments; Fine sand | Silty or clayey gravel and sand Silty soils Clayey soils P:]i:r
gravel and sand
General rating as subgrade Excellent to good Fair to poor Unsuitable

Notes:

aNP indicates that the soil is "non-plastic." NP soils have LL = PL, LL < PL,or PL that cannot be determined.
PUse the following criteria to divide A-7: A-7-5 has PI < (LL —30) and A-7-6 has PI > (LL —30).

Group Index, Gl

Calculate the group index as:

GI = (F~35)[0.2+0.005(LL—40) | +0.01(F~15)(P1-10)

where: F = %fines = P#200, LL = liquid limit, and P/ = plasticity index.

If a negative value is calculated for G7, then report GI =10).
Note: Use only the second term in the GI equation for A-2-6 and A-2-7 soils.




70
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g 40
g A-1-6
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& A-2-6
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Figure 4-5. Range of liquid limit and plasticity index for soils in groups A-2, A-4,

I J Ote S O I l A-5, A-6 and A-7 per AASHTO M 145 (or ASTM D 3282).
The first term of Equation 4-3 is the partial group index determined from the liquid limit.
A A S I I I O The second term is the partial group index determined from the plasticity index. Following

are some rules for determining group index:

S t If Equation 4-3 yields a negative value for GI, it is taken as zero.
ys em e The group index calculated from Equation 4-3 is rounded off to the nearest whole
number, e.g., GI=3.4 is rounded off to 3; GI=3.5 is rounded off to 4.
e There is no upper limit for the group index.
e The group index of soils belonging to groups A-1-a, A-1-b, A-2-4, A-2-5, and A-3
will always be zero.
e When the group index for soils belonging to groups A-2-6 and A-2-7 is calculated,
the partial group index for PI should be used, or

GI=0.01(F-15) (PI-10) 44

In general, the quality of performance of a soil as a subgrade material is inversely
proportional to the group index.



CLASSIFICATION OF SOILS

Chio Departmant of Transportation

{The classification of a soil is Tound by proceading from top ta bottom of the chart.
The first clossification that the tast dota fifs is the correct classification.

Classifeotion iyt :
/Ll X % Liguid | Plostic | Group
SYMBO DE! TIC o Poss | Poss Limit | Index | ladex REMARKS
R L SCRIPTION AASHTO| aHlo § x 1004 =40 *200 ILL) (2]} Mox .
Min, of 50%
Gravel end/or A-1-a 30 13 6 a combined graval,
Stong Fragments Max. Max. Mas, cobbla and
boulder sizes
Graval apdsor Stona i 50 T 25 8
Fragmants with San A-1-b Max. Max. Maxt. o
. . 51 10 g
fine Sand A-3 Min. Max. .NDN PLASTIC [+
M‘i:n. Odf 20%
. - _ 35 & combined ¢aorse
Caarss ond Fine Sand =30 Mox, Max. ¢ ond Tine sand
sizes
A-2-4 10
Grave| ondsar Stone Fragments 35 Max., 10
with Sond and S7i Max . 41 Max 0
A-2-5 Mia.
A-2-5 40
Grovel and/or Stana Fragments . 35 ax. I a
with Sond, Silt ond Cloy Max. 41 hin.
A-z-T Min.
. _ 16 , e 40 ¢ Less than
Sandy Siit A4 | hda Min, Win. Mox. Mox . 8 S0% silt sizes

e+ +H oy A-4 Aedb 6 50 40 0 3 50X or mars

+ 4+ Min, Min. Max. Max., silt sizes
++ b+
- R 6 g 4t 0
(O D O I ) \\\\\ Elastic §ilt and Clay A-5 Min. Min, Min. Max. 12
// Sitt ond Clay A-6 | a-6a I\.;’:ﬁ Malg M:?( -1 ]
%
Siity clay N R win e M 6
TLVH
! . - % 38 41 <)
i ; 1 Elostic Clay A-T1-5 Min. Min, Min. SLL-30 20
Cloy A-T-6 e ‘ 5 A I I B
X3 ;
W/o argonicy
:; Organie 5ift A-8 | A-8a MTS M3'5 would cligssify
i lax. in. 05 A-4g or A-4b
W{; olrgun;_cs
Organic Cla - ~ 75 36 woutd classify o5
g y A | oAb | % Nin. A-S, A-60, A-6b,
h-7-5 or A-7-6

MATERIAL CLASSIFIED BY VISUAL INSPECTIOM

v Lk
> R o= n Paat, 5-Sadimantary
< x| rontroled, [ramaq couidery tone WHoiy £-Frus
at = L-Loamy & efc

BT Sod and Tapsoil

R Povement or Base

+ Only perform the oven-dried liquid limit test and this calculation if organic material is present in The somple.



AASHTO Classification Example

Given (same soil as Result of Atterberg Limit
before) Tests (for portion passing

Results of Sieve Test #40 sieve)

Uniformity Coefficient C, = Liquid Limit LL = 63
8.1 Plastic Limit PL = 42

Curvature Coefficient C_ = Plasticity Index = LL-PL=21
0.9 Find

Percentage Passing #10 AASHTO Soil

SIGVEE 27 Classification
Percentage Passing #40

Sieve: 51%

Percentage Passing #200
Sieve = 10%



AASHTO Classification Example

Examine Sieve Passing Points
#10: 1s greater than 50%, so
move past A-1-a
#40: 1s greater than 50%, so
eliminate A-1, but A-2 possible

#200: 1s equal to 10%, so A-3
1s possible, but unlikely since
LL > PL, thus soil has
plasticity

#200: 1s less than 35%, so A-2
1s possible

Examine Liquid Limit and
Plasticity Index
LL > 40, so eliminate A-2-4
and A-2-6
PI > 10, so eliminate A-2-5
This leaves A-2-7, which

meets all three criteria (#200
sieve, LL and PI)

Because this 1s an A-2-7, we

must use partial group index
PGI = 0.01(F,,, — 15)(PI — 10)
= (0.01(10-15)(21-10) < 0, s0
PGI=0

Classification 1s A-2-7(0)



AASHTO Soil Classification Example,
Using Original Gradation Information

® Sleve AnalySIS CumUIatlve U.S. SIEVE OPENING IN INCHES i U.5. SIEVE “jUMBERS HYDROMETER
PaSSing RGSUltS: afes B 4; 21.:. 1:w.1123.'a? 4 1 -’._51201_:11620.;&d:cs:oea|1?u1dqz?u
o #10, 98.58% o e ]
o #40,72.72%
o #200,1.7% £
TR
e These number exceed all of the Al
maximum values for A-1-a and A- &=
1-b ol
o ForA-3,#40=72.72% > 51% and  f=|
#200 = 1.7% < 10%. Additionally :z |
no Atterberg Limits are required, : s
so soil can be classified as A-3. 22 |
Z0
15+ SIIRE
10[+ AR
100 10 1 01 0.01 0.001
_ GRAIN SI1ZE IN MILLINETERS :
GRAVEL _ SAND

COBBLES ooa SILT OR CLAY

e | fine |coarse|  medwm | fine

Figure 5-3. Grain size distribution curve hased on data in Figure 5-2.



Differences
ctween
Unitied and
AASHTO
Classification
Systems

Grain Size (mm)

0.01 Mo.200 0.1 No. 40 1 No.10 Mo.4 10 34 3* 100
‘ | 1 | [N I‘I | | [ I\I‘ | I‘II\III ‘\ | III‘Il
Unified Silt and Clay sand Gravel
fine medium coarse fine I coarse
fine coarse
AASHTO  silt and Clay sand Gravel
[ | ] T P NN [ Lo
0.01 0.1 1 10 100
% passing No. 4 sieve of portion
% pasting No. 200 sleve % passing NO. 40 sieve retained on No. 200 deve
100% T |
Fine Grained; | M€ Srained: A3
ML, MH, red SW
g‘: %ﬁ A6 sP
’ e - Unified
GW: well graded gravel
GP: poorly graded gravel
% passing No. 10 GM: silty gravel
50% GC: clayey gravel
Coarse Grained: SW: well graded sand
35% SP: poorly graded sand
sMm : o [A-12 SM: silty sand
gg oG 3% g:‘ SC: clayey sand
25% p-1d GM ML: silt
12% o [ 15% s il MH: silt with high liquid limit
oW S SWBE P ESE . (9 L4 10% d CL:chy .
SW-SM, SW-SC, Sp-5M. SP-SC &= © CH: clay with high liquid limit
| < e ML-CL: silty chy
0% ekl el | OL: organic silt or clay with low liquid limit
OH: organic silt or clay with high liquid limit
S -sand
AASHTO :-:gzlatvel
A-1-a: mostly gravel or coarser with or without a well graded binder C = cla
A-1-b: coarse sand with or without a well graded binder _ Y
W = well graded

Plastic Index

A-2: granular soils borderline between A-1 and A-3
A-3: fine sand with a small aount of nonplastic silt

A4: silty soils

A-5: silty soils with high liquid limit

A-B: clayey soils
A-T: clayey solls

AASHTO Criteria

Plastic Index

70
60 _]
50 A6 "
©_ A-26 7
o _ AT5
0 — A27
101

A A5
0 1 A4 A-25

(L ILTTT]

ITTTTTTET]
0 1'020304050@’07|05£09|0100
Ligud Limit

L = low liquid limit (<50)
H = high liquid limit (>50)

Unified Criteria
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Ligud Limit
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Figure 4-6. Comparison of the USCS with the AASHTO soil classification system (after

Utah DOT - Pavement Design and Management Manual, 2005).



Questions?
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