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For
uncemented aggregate
(solid partictes) with fiq
the solid particfes.

Soil is used as a con
projects, and it supports

purposes, Soif is defined as the
of mineral grains decayed organic matter
id and gas in the empty spaces between

rctton material in various civil engineering
structura I fou ndations.

Thus, civif engineeting 
{t",rst study the properties of soif, such as

5*:::,1;_,,,j*n-size I oistrioution, abitity ro drain water,compressibility, shear strtength, and foad-bearing capacity.
soif mechanics is the brfnch of science that deals with the studyof the physicaf propertief of soif and the behavior of soil masses
subjected to various typ* of forces.

soils engineering is thF apprication of the principres of soilmechanics to practicaf prpblems.

of civil engineering
the surface of the

Geotechnicar engineerinp is the subdisciprine
that involves naturar ma{erials found crose to
earth.

It includes the applicatiorf of the principles of soif mechanics and
rock mechanics to the depign of foundations, retaining structures,
and earth structures.



Recordeo n'-t;*oy tetls up that ancient civilizations flourished afongthe banks 
?l 

rivers, such as the Nire (Egypt), the Tigris andEuphrates (Mesopotamfa), the Huang Ho deffow River, china),and the Indus (tndia).

Dykes dating back to about 2000 B.c. were built in the basin ofthe Indus to protect thel town of Mohenjo Dara (in what becamePakistan after 1g4T).

During the chan dynasly in china (1 1208,c. to 2498.c.) manydykes were built for irrig{tion purposes. There is no evidence thatmeasure were taken to gtabilize the foundations or check erosioncaused by floods.

One of the most famouF examples of problems related to soil-bearing capacity is the lefining Tower of pisa in ltaly.



Afier encountering
construction over
to address the
methodicaf manner sta

Based on the empha
geotechnical enginee
1927 can be divided

Pre-cfassicaf (17
Classicaf soit
Cfassical soil

1.

2.

3.

4. Modern soil mech

f n the period after 1g
were published in
parameters of cfay

The publication of
Grundlage by Karl T
the devefopment of

Terzaghi is known as
and rightfully so, he
application th roughout

The first conference
Mechanics and foun
Harvard University in 1

Following are some
mechanics and
first conference of the I MFE in 1930:

ng in the earfy part of the l gth centrry.

nes

four major periods:

1776A.D.).

foundation-refated probfems during
past, engineers and scientists begai
and behavior of soifs in a more

i and the nature of study in
g, the time span extending

the area of
from 1700-

of Soil
held at

ics- phase | (1 TT6-1SS6A.D.).
rics- phase tt (1856_1g10A.D.).

ics (1910-1 92TA.D.).

, results of research conducted on cfaystich the fundamental properties and
established.

mechanik auf Bodenphysikatisher
birth to a new era ini in 1925 gave

mechanics.

father of the modern soil mechanics,
house for research ands the cfearing

world.

of the International Society
ion Engineering (ISSMFE) was

with Terzaghi presiding.

ighlights in the devefopment of soil
nical engineering that evolved after the



- Pubfication of the book Theoreticat soit Mechanrbs by KarfTerzaghi in 1943 (Wily, New york).

- Pubf ication of the book so/ Mechanics in Engineering

ffr;* 
bv Karf rerzaghi and nalpn p""k in 1948 (wify, rvew

- Pubfication of the book Fundamentars of soir Mechanrbs byDonafd W. Taylor in 1g4g (Wity, New york).

- start of the pubfication of Geotechnique, the internationafjournaf of soir mechanics in 1g4g in Engrand.
- Presentation of the paper on e=0 concept for crays by A.Skempton in 194g.

- Pubrication of A.w. skempton s paper on A and B pore waterpressure parameters in 1gS4.

- Publication of the book The Measurement ofso/ properties inthe Triaxiat resf by A.W. Bishop and B.J Henket in 1gs7.
- ASCE s Research conference on shear strength of cohesivesoils held in Boulder 1960.



Engineering Cfassification of Soil
Different soils with similar properties may be crassified into

8:?:f"r."no 
sub-sroups according ro rheir ensineerins

cfassification systems provide a common ranguage toconcisefy express the general characteristics of soils, which areinfinitefy varied, without detaited descriptions.
currently, two efaborate cfassification systems are commonlyused by soils engineers.

Both systems take into consideration the particre-sizedistribution and Atterberg fimits.

They are the American Association of state Highway andTransportation ofJicials (AASHT') cfassification system andthe Unified Soif Classification System.

The AASHTO crassification system is used mosily by state andcounty highway departments.

Geotechnicar engineers generally prefer the unified system



ASSHTO Ctassifi

The AASHTO
1929 as the pubfic

ft has undergone
proposed by the
sub-graded and
Research Board in 1

method M14S).

The AASHTO ctassi
According to this
groups: A-1 through

Soil classified under
materiafs of which 35
No.200 sieve. Soils
No.200 sieve are
7.

These soils are mosfly

The classification

1, Grain size
a- Gravef : fraction

retained on the N
b- Sand: fraction

retained on the N
c- Sift and Clay:

on System

of soil classification was devefoped in
J Administration Cfassification System.

eral revisions, with the present version
mittee on Cfassification of Materials forrlar Type Roads of the Highway

(ASTM designation D_3 2}2;AASHTO

n In present use is given in Table 4.1
, soil is cfassified into seven major

A-'1 , A-2, and A-3 are granufar
or fess of the particles pass through the

which more than 35o/o pass through the
under groups A-4, A_5, A_6, and A_

silt and daytype materials.

is based on the following:

passing theT5-mm (3_in.) sieve and
.10 (2-mm) U.S. sieve.

ng the No. 10(2-mm)U.S. sieve and
.2A0 (0.075-mm) U.S. sieve.

passing the No.200 U.S. sieve
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2' Pfasticity: The term sitty is apptied when the fine fractions ofthe soil have a plasticity index of 10 or fess.
The term crayey is appfied when the fine fractions have apfasticity index of 11or more.

3. lf cobbres and bourders (size targer than 75mm) areencountered, they are excruded from the portion of the soilsample from which classification is made.
However, the percentage of such materiar is recorded.
To classify a soif according to tabre 1, one must appry thetest date from reft to right. By process of erimination, the firstgroup from the left into which the test data fit is the correct
classification. Figure 1 shows a pfot of the range of the riquidlimit and the pfasticity index for soifs that faff into groups A-2,A-3, A-4, A-S, ,46 and A7.

L0



Range of fiquid

To evaluate the
material, one
group index (Gt)
This index is
subgroup desi
The group index is

61= (F200- 3s) t0.
Eq....1

Where F200=
LL=liquid
Pl-pfasticity index
The first of Eq. (1)
the partial group in
The second term-
index determined
Following are some
1 . lt Eq. (1) yiefds a
2. The group index

the nearest
rounded off to; Gl

3. There is no upper
4. The group index

A-2-4, A-2-S, and

nit and pfasticity index for soifs in groups
, A-3, A-4,A-S, 46 and A7.
uality of a soit as a highway subgradet also incorporate a number caffed the

the groups and subgroups of the soit.
in parentheses after the group or

iven by the equation

0.005(LL-40)l +0.01 (F200-1 s) (pt_1 0)

passing through the No.200 sieve

that is, (F200-3s) [0.2+O.O0S(LL_40)I _ is
;x determined from the liquid limit.

is, 0.01(F200-1S) -is the partial group
the plasticity index.

fes for determining the group index:
ative value for Gl, it is taken as 0.

ated from Eq. (1) is rounded off tole number (for exampfe, Gl=3.4 is
.5 is rounded off to 4).

mit for the group index.
soils belonging to groups A_1-a, A-1_b,
-3 is always 0.



5' when cafcufating the group index for soifs that berong togroups 4-2-6 and A-2-7, use the partiar group index for pf , orGl=0.01 (F200-1s) (pf_10)... . Eq (2)
ln generaf , the quarity of performance of a subgrademateriar is inversery proportionar to the group index.Unified Soif Classification System
The originaf from of the unified soir crassification systemwas proposed by casagrande in lg42during worfd war rtfor use in airfietd construction undertaken by the ArmyCorps of Engineers.
In cooperation with the us Bureau of Recfamation, theCorps revised this system in 1g52.
At present, it is widery used by engineers (ASTM
designation D-2 4ST).
In order to use the cfassification system, the forfowingpoints must be kept in mind:
1' The crassification is based on materiar passing a 75mm(3in) sieve.
2. coarse fraction= percent retained above No.200

sieve=1 00-F200=R200.

L2
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3. Fine fraction=percent No.2O0sieve= F2oo,
4. Gravef fraction=percent retained above No.4sieve=R4.

According to the unified soil cfassification system, the soits aredivided into two major categories:

1. coarse-grained soifs that are gravefry and sandy in naturewith fess than 50% passing thiough the No.200 sieve (thatis, F200.S0).
2. The group symbofs start with prefixes of either G or s.G stands for gravel or gravefly soif , and s for sand soif .other symbors used for the cfassification are:

. W-well graded.

. p-poorfy graded.

. L-fow pfasticity (fiquid limit fess than 50)

. H-high pfasticity (fiquid rimit more than 50)
Table (2) gives the detaits of the soif cfassification systemto determine the group symbols.
More recenfly, AsrM designation D-24g7 created anelaborate system to assign group names to soirs.
These names are summarized in Figure 3, 4and 5.
In using these figures, it is important to remember that, ina given soir, percentage of graver=R4 and percentage ofsand=R200-R4.

1.4
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summary and Gomparison between the ASTilrl and unifiedSystems

Both soif classification systems, AASHT' and Unified, are basedon the texture and pfasticity of soif, Arso, both system divide thesoils into two major catregories, coarse grained and fine grained,as separated by the No.200 sieve.

According to the Unified system, a soif is considered fine grainedwhen more than 500/s passes through the No.200 sieve.
A coarse-grained soit that has about 35% fine grains will behavelike a fine-grained material.

This is because enough fine grains exist to fill the voids betweenthe coarse grains and hofd them apart.

ln this respect, the AASHT' system appears to be moreappropriate.

In the AASHTO system, the No.10 sieve used to separate gravetfrom sand; In the unified system, the No.4 sieve is used.
From the viewpoint of soil-separate size limits, the No.10 sieve isthe more accepted upper limit for sand.

This limit is used in concrete and highway based-course
technology.

In the unified system, the graveily and sandy soirs are crearryseparated; in the AASHTO system, they are not.

The A-2 group, in particular, contains a large variety of soils.



symbors fike Gw, sM, cH, and others that are used in the Unifiedsystem are more descriptive of the soif properties than the Asymbols used in the AASHTO system.
The crassification of organic soirs as oL, oH, and pt is provided inthe Unified system.

under the AASHTO system, there is no prace for organic soifs.
Peats usualfy have a high moisture content, row specific gravity ofsoil solids, and low unit weight.

The Figure befow shows the scanning erectron micrographs offour peat samples coflested in Wisconsiir.

some of the properties of the peats are given in tabfe 6.
Liu (1967) compared the AAsHTo and unified systems.
The results of his study are presented in Tabre z and g.
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4.3 Summhry and Comparison betr*een the t
6 pr^^o_.,^- ,- _. 

uszwveri tne AASHT? and lJnified.sysfo|tr$
P&':".6 "'1".r:o "J:1" *"":loowr in Figure 4"s

97

Moisturg

Fond du Laq Count_v ffi ,?S I::: ifr iii*% -*"_- o4_9 194 39.8
Table t] comp*rison .lf ,'io A A 6, '*^

ified Svstem*
in arbxib soil

f_;"0 s-qsF.cv.sr,r By,ro #|r''r $P Lrr

*-:j ciM srl"i:i SX,i$ :c' 
sc 

StE-= s-w sP

*-T-' d*'.:!" sM. sc cM. sM 8f;Sg:3S !;t-1 lnl-. {ft
f : gd;A Mt, oL :' $M' sc 3#.3i;sq si)

ti:: ffi v" #l::':: H:Qff,*I '-u T{_!l *r.8i:S:' Sy":,*g: x"Afrer Liu {1967) g-H. \,{H, (}c, c,\r. sM

Tabra Q Cornparison of the l.fnified Slttem qrith rhe AASH?O Systesl*Soil group
in Uoift.d
3y3t*!rr

GW
GP
CM
GC
SW
SP
SM
SC
ML

OL
MI.I
crt
OH
PT

.A-l_a _poactb}r but improbablc
A-t,a
+ I g A-2,4. A_:_5" A_?_?
4-2-6. A_2_7
A-1-b
A-3. A._1_b

1-: ? A-2_.r. A_z^s. A-2_7
A-2-6. A_2_7
A-4. A-5
A-6. 4-7_6
A-4. A-5
A-7-5" A_5
A-7-6
4,7-5. A-5

o-n-o
A-?-6'
A-?-4
,{-1-a
A-l-a
A-?-s_ A_4
A-2-4. A{r, r\-4, .4-?_6
1l-6. A_7-5. "4._7-6
A-4
A-6, A-7_5. 4-7-6

:"'
23.

+-14, A-2_s. A-a6, A+t-
?-:.. 1_i-4. A_2-s. 4-2_6. A_z_7
1-1.A-s.,a_6. A_z_s. A_7{. A-t_aA-4. A_6, A-7_6. A_7-5

*-i. 1-24. A_2_s. 4^2-6. A_2_7
t-j4, A_2_.5. /.-24. A_;-7

;-;-i*' A-?-s' A -?-6- .A-r -a

A-7-6

A-?:5
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