53:030 Class Notes; C.C. Swvan, University of lowa

Period #6: Soil Glssification S_ystemand Usag

A. Fundamental Icke
» Collect soil sam@s from the field.

» Perform easy andexpensive testsnothe soil sample@ypically
GSDests and Atterbergimit tests)

» Based on the resslfrom these tests|assify the soik) in question

» Based on the clagwiations of the si(s), determine whather or not the
nght be appropriat®r the intended wEe.

» If yes, perform mag extensive lab téson the soil(s)shear strength,
condalation, compactin, etc.) as needed.

MAJ®R SOIL CLASSIFICATON SYSTEMS USED INTHE U.S.

USDA Textural Clagfication: Used primarilym agriculture, buhot much
by civil or geotebnical engineers.

AASHTO Classificatbn System Used quite extesively by civil
engineers in seldag soils for usage roads and highays.

Unified Classificaibn System{UCS) : Used by eptechnical engineg
for selecting appriate soils in no—highway projects.
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B. USDA Textural Cassification

This systemsibased entirely otine GSD of a givesoil sample.

Soil Type Diameter Range
Cobble& Boulders d > 75mm
Gravels 2mne d< 75mm
Sands 0.05Mm < d < 2mm
Silts 0.0Pmm< d < 0.05mm
Clays &k 0.002mm

The classifiation in this sy&m is based on thelative % sand, %ilt, and % clay.

% withD.05mm< d< 2mm
retive % sand = ———————————————
100% 96 with & 2mm

% with 0.02mm< d< 0.05mm
retive % silt = ————————————
100% 96 with & 2mm

%avith d< 0.002mm
rtive % clay = ————————————————————————
100%- % with & 2mm

Using theseetfative percentagethe soils are threclassified accordg to
a USDA Clasfication Charrt.



53:030 Class Notes; C.C. Swan, University of lowa

Example #1. Clady the following il by the USDA Tetural Classificatio System.
Given: % gravel 48; % sand = 51; %ilt = 22; % clay =9;
Soluon:
rel. %o and = 51/82 = 62%
rel. %it = 22/82 =2%
rel. %olay =9/82 =11%
Using thse values in USDAhart ——> sandy &m
Howeverdue to the preseamf 18% gravel ithe soll, it is
ca#d "gravelly sand{oam."
Example #2: Clady the following il by the USDA Tetural Classificatio System.
Given: % gravel 9; % sand = 30; %ils= 30; % clay =40;
Soluon:
rel. % and = 30/100 = 30%
rel. % it = 30/100 = 8%
rel. % lay = 40/100 = 40%

Using tase values in USDA&hart ——> clay lom
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. The AASHTO Classification System
« Considers both texture (GSD) and Atterberg Limits.
* Originally proposed in 1919; the system was last modified in 1945.
*This system is widely used by highway and transportation engineers.
* Performed on that part of a soil sample that falls in the gravel <——-> clay size range.

*Using Table 5.1 of the textbook, the idea is to classify a soil as high as is possible
based on the GSD and Atterberg Limits.

*Once an AASHTO Group Classification has been found, a so—called "group index" (C
can be computed to further classify soils within a given group.

For soils in AASHTO group A-3 or lower:

Gl = (F-35) [0.2 + 0.005(LL-40)] + 0.01(F-15)(PI-10)
For soils in A-1 or A-2:

Gl = 0.01(F-15)(P1-10)

In both formulas, F is the percent of the soil sample passing the #200 sieve.
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Example #3: Classify the following soil by the AASHTO System.

Given: % passing No. 10 = 100; % passing No.40 = 80;
% passing No. 200 =58; LL = 30; Pl = 10.
Solution:

From Tablé.1, the group classification is A—4.
From the given data, F=58.

Gl = (F-35) [0.2 + 0.005(LL-40)] + 0.01(F-15)(PI-10)
= gzgé[(}g>+30.005(—10)] +0.01(43)(0)

Thus, the AASHTO [3ssification is A4 (3).

Example #4: Classify the following soil by the AASHTO System.

Given: % passing No. 200 = 95; LL = 60; PI = 40.
Solution:

From Tablé.1, the group classification is A—7-6.
From the given data, F=95.
Gl = (F-35) [0.2 + 0.005(LL-40)] + 0.01(F-15)(PI-10)
= (60)[0.2 + 0.005(20)] + 0.01(80)(30)
=42

Thus, the AASHTO [3ssification is A7—6 (42).
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D. The Unified Classification System (UCS)
 First devised in 1942.

 Last modified in 1991.
 Like the AASHTO system, it uses both GSD and Atterberg Limit data.

Required Informatn:

*% of sample that igravel : 4.75mm <d<75mm

*% of sample that is sand ;. 0.075mMm <d<4.75mm
*% of sample that isilt & clay: d <0.075mm
 Uniformity coefficient . C,=Dgg Dyq

- Coefficient of gradation . C,=(Dy)/IDggD ]

* LL and PI on porton passing #40 sieve

UCS ClassificatioRrocedure
Step (1): DetermineJ5, (% finer than #200 sieve)

If Fopg< 90 % ——> Step (2)
If F 00250 % ——> Step(3)
Step (2): Coarse Fraction i f3=100 - E,,
F, Is the % passing #4, but retained on #200 (i.e. sand)
If F, < (R,y9/2, then the coarse fraction is more gravel than sand.

Go to Tables.2 and Figure 5.3 of the text.
If F, > (R,5)/2, then the coarse fraction is more sand than gravel.

Go to Table 4.2 and Figure 4.2 of the text
Step (3): Fine—grained soils. Go to Table 4.2 and Figure 4.2 of the text.
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[Example #5: Clashi the following sdl using UCS

Given gravel fractia (% retained on #4 =30%
sand fraction (passy #4, retained 0#200) = 40%
silt and clay fragon (passing #200) = 30%

LL =30; PI=12

Solution
* Fogo = 30%, thereforgo to Step (2).

* F,=40% and (B,)/2 = 35%
* Since K > (R,,)/2, coarse fractiois more sandy timegravelly ——>Tablet.3.
e From Table 4.3 anHigure 4.3:

Group symbol iSC
From Figure 4.4group name is "Clgey sand with gravé

IExample #6. Clasfi the following sa using UCS

Given: gravel fraction%o retained on #4) = 0%
sad fraction (passm#4, retained on200) = 14%

$t and clay fractio (passing #200) 86%
LL=55; PI= 28

Solution
* Fyqp = 86%, thereforgo to Step (3).
 From Table 4.4 anBigure 4.3:
Group symbol i€H Inorganic Clay
From Figure 4.4group name is "Fatlay"
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E. Summary

The attractive aspect of soil classification systemsisthat they permit
engineersto do arapid, inexpensive preliminary assessment of a
given soil’ s adequacy for usage in a construction project.





