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Lecture 2: Grain e Distributions ad Soll
Particle Charactestics

A. Motivation:

In soil mechaics, it is virtualy always useful t@uantify the sizef the
grains in ayfpe of soil. Since given soil willoften be made up afrains
of many diffeent sizes, sizeg@ameasured in temofgrain size distributions.

Grain size ditribution (GSD) iformation can be ofalue in providing
initial roughestimates of a k8 engineering prperties such as pee-
ability, stragth, expansivityetc.

A subjecof activeresearch interest today ithe accurate predion of soll
properas based largely daSDs, void ratiosand soil particleharacteristics.
At thigpoint in time, thogh, such researclah not yet producesults that
are usa® in standard engeering practice.

In this perid, we will look atmethods of measugnGSDs of soils, ahalso
different mesures of soil graigshapes.

When measurgqnGSDs for soilsywwo methods are geraly used:
—> For grais larger than 0.®&Mmm sieving is used

—> For grais in the range a®75mm > D > 0.fim, the hydrometeest
IS ged.
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B. Sieve Testip (for coarse—graed soils with D > Bum)

Passes soil of diaster

less than:
1=1 3" 3" A
=2 1.5" 1.5"
i=3 0.75" 0.75" Gravels
0.375" 0.375"
#4 4.750mm \
#6 3.350mm A
#8 2.360mm
#10 2.000mm
#16 1.180mm
#20 0.850mm
#30 0.600mm
#40 0.425mm Sands
#50 0.300mm
#60 0.250mm
#80 0.180mm
#100 0.150mm
#140 0.106mm
#170 0.088mm
#200 0.075mm  /
I=n #270 0.053mm : :
an 0.000mm i Fines (Silts & Clag)
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Procedure for Sievéesting of Soils:

a) Pour oven—dd soll of mass Minto the top sievef the stack;

b) Shake and #gte the stack adieves until all sibgrains are
retained mthe finest sizedieve through whiclthey can possibly
pass;

c) Weigh the mes of soil M retained on eacheve.

d) For each sw size used, compN, the percentage byass of
the soilample that iginer than thel" sieve size.

For exaple:
n

N= (Mg 2 M*100% =(1 - 2. M/M)*100%

j=i+l j=1 |

e) Plotting Nversus Dfor i =1, 2, . .., n on special fie—cycle
semi-logathmic GSD paper ges the followingypes of curves:
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% Finer by Mas:

% Finer by Mas:

Well—-graded soi

\Uniform soil
Gap—graded (bimodgsoil

50% —

0%

< Grain Diamete >
larger (log scale) smaller

100%— Well-graded soi j
Uniform soil
50%— _ _
4 Gap—graded (bimodgsoil
0%
- Grain Diamete >
smaller (log scale) larger

When GSDs are plat on standard seflog paper, they lok different since
the grain size wilincrease from lefto right.
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Example Problem:
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C. Hydrometer Tamg (for fine—graned soils: 0.am < D < 75um)

It is assumeds a first apprornation, that fine—gained soil
particles cabe idealized as sal spheres.

According to 8kes Law, the visaus drag force f-on a spherical bgd
moving throgh a laminar fluicat a steady velogitv is given by:

= 3muvD where: p s the viscosyt of the fluid (Pas)

v ighe steady velogitof the body (m/s)
D ighe diameter of #gnsphere (m)

If we drop agrain of soil intoa viscous fluid, ieventually achievea terminal
velocity v vinere there is a bahce of forces beten viscous drag foes, gravity
weight force, and buoyant foes, as shown below:

Falling particle A Fy
v (steady <>
velocity) _
\ FoFo

Fg— F, = (1/6)(GS—1)yWnD3 where: @ is the specific gvity of the soll gain and
Y,, is the unit weighbf water (kN/n)
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For equilibrium ofthe soil grain: = F_ - F,. From this equain, we
solve for the eqglibrium or termina\velgocity v of the soil grain as :
_ (G-1),p?

13

\Y

Observe: D2

Thus, the largea soil grain is,hte faster it settkein water. Thistical fact is usd
in the hydrometr testing to obtai GSDs for fine—griaed soil.

D. Measures of Goation

Engineers figuently like to use variety of coeftients to describéhe uniformity
versus the all-gradedness obds.

100%—

75%
60%
50% —
30%

% Finer by Mas:

10%
0%
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Some commonly usemeasures are:

1) The Uniformiy Coefficient: G = D,/D,,

Solls with G <=4 are considedeto be "poorly grded” or uniform.

2) The Coefficiat of Gradation: G= (D,)%/(DggD o)

Fowell-graded soilsC_~ 1
3) The Sortin@oefficient: S= (D75/D25)1/2

This measure teis to be used mot®y geologists thaengineers.
Thearger 3, the more well-gréed the soil.

4) The "effetve size” of theail: D,

Enpirically, D,,has been stronglyorrelated with th@ermeability
of fine—grained saay soils.
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E. Soil Grain Shapes

While soil GSDs are relatively easy to measure, particle shapes are
somewhate more difficult to quantify. Aninfinite number of shapes
are possible, afew of which below:

Angular Subangular ~ Subrounded Rounded

One way to characterize particle shape isto consider the following
measurements of individual soil grains:

L = maximum dimension of agrain

B = intermediate dimension of agrain
H = minimum dimension of agrain

V = volumeof agrain

D= (6V/T[) 13 equivalent diameter of agrain

E=L/B (elongation)
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X =DJL (operational sperecity)
O<=x<=1 X ~ 0 ——> flaky grais
X ~ 1 ——> bulky, sphecal grains
F = B/H (flathess)

Effects of Particl&Shape on MechanicBehavior of Granlar Soils:

——> Higher spharcity reduces theehdency of particketo fracture, crusg
and dagde into smallerarticles under loadg.

——> Smoother gias of high spherety do not interlo&, but do resist ershing
and biakage.

——> Angular partles interlock andesist relative diplacements, but coers
breakrad crush under loaal.

——> Flat partias, if oriented, aapotentially formplanes of weakness.
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Bottom Line:

Although pdticle shape and angparity definitelyaffect the
macroscopibehavior of soilsthey are very difttult to quantify.
Hence thesmeasures are notein practice nebras often as
grain—size idtributions and rfated grading coeifients.

GSD measureants, which can bperformed quickly ad inexpensively,
tell us whther a given soild predominantly saty, silty, or claysg.

This simplenformation is oft@ of great help itrying to anticipag¢

a soil's pssible mechanicalrpperties.
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