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- The Unified Soil Classification System (USCS)

- The AASHTO System
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Public Roads Administration and the U.S. Bureau of Soils char t for  textural classification of soils.



Arthur  Casagrande was born (August 28, 
1902) and educated in Austr ia. He 
immigrated to the United States in 1926 
to accept a research assistantship with 
the Bureau of Public Roads to work 
under  Kar l Terzaghi at M.I .T. 

While at M.I .T., Professor  Casagrande 
worked on soil classification, shear  
testing, and frost action in soils. In 1932 
he initiated a program in soil mechanics 
at Harvard University. 

Professor  Casagrande's work on soil 
classification, seepage through ear th 
structures, and shear  strength has had 
major  influence on soil mechanics. 
Professor  Casagrande has been a very 
active consultant and has par ticipated in 
many impor tant jobs through-out the 
wor ld. His most impor tant influence on 
soil mechanics, however , has been 
through his teaching at Harvard. Many 
of the leaders in soil mechanics were 
inspired while they were his students at 
Harvard University.



Relationship between grain sizes based on the MIT Classification System.







TABLE - Group names for gravelly soil*.

Group Symbol Criteria for group name: SFa Group name

GW < 15 Well-graded gravel
� 15 Well-graded gravel with sand

GP < 15 Poorly graded gravel
� 15 Poorly graded gravel with sand

GM < 15 Silty gravel
� 15 Silty gravel with sand

GC < 15 Clayey gravel
� 15 Clayey gravel with sand

GC-GM < 15 Silty, clayey gravel
� 15 Silty, clayey gravel with sand

GW-GM < 15 Well-graded gravel with silt
� 15 Well-graded gravel with silt and sand

GW-GC < 15 Well-graded gravel with clay
� 15 Well-graded gravel with clay and sand

GP-GM < 15 Poorly graded gravel with silt
� 15 Poorly graded gravel with silt and sand

GP-GC < 15 Poorly graded gravel with clay

� 15 Poorly graded gravel with clay and sand

_______________________________________________________________________________

* Based on ASTM D-2487
a SF = sand fraction = R200 - GF, and GF = R4



TABLE - Group names for sandy soil*.

Group Symbol Criteria for group name: SFa Group name

GW < 15 Well-graded sand
� 15 Well-graded sand with gravel

GP < 15 Poorly graded sand
� 15 Poorly graded sand with gravel

GM < 15 Silty sand
� 15 Silty sand with gravel

GC < 15 Clayey sand
� 15 Clayey sand with gravel

GC-GM < 15 Silty, clayey sand
� 15 Silty, clayey sand with gravel

GW-GM < 15 Well-graded sand with silt
� 15 Well-graded sand with silt and gravel

GW-GC < 15 Well-graded sand with clay
� 15 Well-graded sand with clay and gravel

GP-GM < 15 Poorly graded sand with silt
� 15 Poorly graded sand with silt and gravel

GP-GC < 15 Poorly graded sand with clay
� 15 Poorly graded sand with clay and gravel

_______________________________________________________________________________

* Based on ASTM D-2487
a GF = gravel fraction = R4



TABLE – The Unified Soil Classification System - Group symbols for sandy soil.
(R200 > 50; R4 / R200 � 0.5)

Group symbol Criteria

SW Less than 5% passing No. 200 sieve; Cu = D60/D10 Greater than or
equal to 6; Cc = (D30)2/ (D10 X D60) between 1 and 3

SP Less than 5% passing No. 200 sieve; not meeting both criteria for SW

SM More than 12% passing No. 200 sieve; atterberg limits plot below A-line 
(Figure 3.3) or PI < 4

SC More than 12% passing No. 200 sieve; atterberg limits plot above A-
line (Figure 3.3) or PI > 7

SC-SM More than 12% passing No. 200 sieve; atterberg limits fall in hatched 
area marked CL-ML in (Figure 3.3)

SW-SM Percentage passing No. 200 sieve is 5 to 12; meets the criteria for SW 
and SM

SW-SC Percentage passing No. 200 sieve is 5 to 12; meets the criteria for SW 
and SC

SP-SM Percentage passing No. 200 sieve is 5 to 12; meets the criteria for SP 
and SM

SP-SC Percentage passing No. 200 sieve is 5 to 12; meets the criteria 
for SP and SC



TABLE - Unified Soil Classification System - Group symbols for silty and clayey soils.
(R200 � 50)

Group symbol Criteria

CL Inorganic; LL < 50; PI > 7; Atterberg limits plot on or above  A-line 
(see CL zone in Figure 3)

ML Inorganic; LL < 50; PI < 4 or Atterberg limits plot below  A-line (see 
ML zone in Figure 3)

OL Organic; (LL — oven dried) / (LL — not dried) < 0.75; LL < 50 (see 
OL zone in Figure 3)

CH Inorganic; LL � 50; Atterberg limits plot on or above A-line (see CH 
zone in Figure 3)

MH Inorganic; LL � 50; Atterberg limits plot below A-line (see MH zone in 
Figure 3)

OH Organic; (LL — oven dried) / (LL — not dried) < 0.75; LL � 50 (see 
OH zone in Figure 3)

CL-ML Inorganic; Atterberg limits plot in the hatched zone in Figure 3
Pt Peat, muck and other highly organic soils.



Table of the Consistency Classification for Coarse-Grained Soils.
( U.S. Navy, 1982 and Lambeand Whitman, 1969; Adapted by permission of John Wiley and Sons, Inc.).

Classification Descr iption SPT Dr

Very looseVery loose Easy to penetrated with a 12-mm diameter  rod                                    < 4          0 - 15
pushed by hand

LooseLoose Difficult to penetrate with a 12- mm diameter  rod                              4 – 10                        15 – 35
pushed by hand

Medium DenseMedium Dense Easy to penetrate 300 mm with a 12 mm diameter                             10 – 17                       35 - 65
rod dr iven with a 2.3-kg (5-lb) hammer

DenseDense Difficult to penetrate 300 mm with a 12-mm                                       17 – 32                      65 - 85
diameter  rod dr iven with a 2.3-kg (5-lb) hammer 

Very denseVery dense Penetrated only about 150mm with a 12-mm                                       > 32                   85 - 100 
diameter  rod dr iven with a 2.3-kg (5 lb) hammer  

---------------------------------------------------------------------------------------------------------------------
These values are for  sandy soils. I f some fine gravel is present, use two-thirds of the field value. I f significant quantities of coarse 
gravel are present, do not use this table. I f CPT data is available, use Equation 4.25 to compute Dr.



USCS Classification Flowline:







Example 1.

Classify the soil by using the Unified Soil Classification System if the percentage passing 
No. 4 sieve = 70, percentage passing No. 200 sieve = 30, the Liquid limit = 33 and the 
Plasticity index = 12. Give the group symbol and the name.

Solution:

F200 =  30
R200 = 100 – F200 = 100 – 30 = 70

Because R200 is greater than 50, the soil is coarse grained.
R4 = 100 – F4 = 100 – 70 = 30
For this soil, R4 / R200 = 30 / 70 < 0.5

This soil is sandy. The group symbol is SC. For the group name, 

GF = gravel fraction = R4  = 30 (i.e., > 15)

Therefore, the group name is Therefore, the group name is clayey sand with gravelclayey sand with gravel..



Example 2.

For  a given inorganic soil, the following are known:
Percentage passing No. 4 sieve              70
Percentage passing No. 200 sieve          30
Liquid limit                                            33
Plasticity index                                      12

Classify the soil by using the Unified Soil Classification System. Give the group symbol and the 
name.

Solution:
F200 = 77
R200 = 100 – F200 = 100 – 77 = 23 (i.e., <50%)
This soil is sandy. From Table 4 and Figure 3, we see that the group symbol is MH. 
Now, if we refer to Table 7, we find that
R200 = 23 (i.e., between 15 and 29)

GF   = 100 - F4 =  100 – 100 = 0
SF   =  R200 – F4 = 23 – 0 =23

SF / GF = 23/0 > 1

Therefore, the group name is elastic silt with sand.



Example: The soil below is non-plastic; classify it by using the Unified Soil Classification System. 
 
 
 
  

Sieve 
no.   % passing 

  4   94   
  10   63   
  20   21   
  40   10   
  60   7   
  100   5   
  200   3   

 
 
Solution: 
 
 F200 = 3 
 R200 = 100 – 3 = 97 
 R4 = 100 – F4 = 100 – 94 = 6   
         R4 / R200 = 6/97 < 0.5 
 
Thus, this soil is sandy. The grain-size distr ibution is shown in Figure 4. From this figure, we obtain  

 
D60 = 1.41 mm                D30 = 0.96 mm                       D10 = 0.41 mm 

Thus, from Equations (1.9) and (1.10) 
 
 Cu = D60/ D10 = 1.41 / 0.41 = 3.44 
 Cc = D²30/ D60 x D10 = 0.96² / (1.41x 0.41) = 1.59 
 
From Table 3, we see that the group symbol is SP. For this soil, GF = R4 = 6 
Referring to Table 6, we find that the group name is poorly graded sand. 



The AASHTO Classification System.



Compute The Group Index.

where:

F =  fines content (portion passing # 200 sieve) expressed as a percentage.
LL =  liquid limit
PI  =  plasticity index

   ( -35)[0.2 0.005(  - 40 )]  0.01(  - 15)(  -  10)Group Index F LL F PI= + +







Peats are so abundant in Scotland that they are used to distill whiskey and to heat homes.









Correlation between the AASHTO and the USCS Systems.



Example 5.
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Example 6.

Given that the soil is non-plastic, classify the soil
by using the Unified Soil Classification System.

Solution:
F200 = 3

R200   = 100 – 3 =  100 – 3 = 97

R4 =  100 – F4 = 100 - 94 = 6

R4 / R200 = 6/97 < 0.5

Thus, this soil is sandy. The grain-size distr ibution is shown in figure 3.4. 
From this figure, we obtain

D60 = 1.41 mm          D30 = 0.96 mm           D10 = 0.41 mm

Thus, from Eqs. (1.9) and (1.10),

Cw = D60 / D10 = 1.41/0.41 = 3.44      

Cc – ( D^260 / D60 x D10) – (0.96^2 / 1.41 x 1.41) = 1.59

From Table 3.3, we see that the group symbol is SP. For  this soil, 
GF = R4 = 6. Referr ing to Table 3.6, we find that the group name is 
poor ly graded sand. poor ly graded sand. 



Liquidity Index and Consistency Index
Relating the natural water content found on the ground and 
relating it to the Plastic Limit and Liquid Limit can provide 
and indication of the soil’s consistency and/or sensitivity 
potential. The liquidity index or LI is the ratio for such a 
relationship. Another Index comparing the stiffness of clays 
is the consistency Index or CI relating the moisture content 
to the Liquid Limit and Plastic Limit.
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PL= Plastic Limit

LL= Liquid Limit

PI=Ip= Plasticity Index

As natural water content approaches or exceeds 
the liquid limit (LI >1), the soil transforms to a 
viscous state and flows like a liquid

Values less than 1 (LI<1) indicate natural water 
content less that the liquid limit. (30-100 k pa 
comp. strength)

Values near zero (LI=0) indicate water content near 
plastic limit. Resulting in high cohesive strength and 
low sensitivity. (100-500 k pa comp. strength)

Negative Values for LI (LI<0) indicate a 
dried/hard soil.
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TABLE 2.5 Atterberg©s Limit Values for Clay Minerals

Mineral
Liquid
limit

Plastic
limit

Shrinkage
limit

Montmorillonite 100-900 50-100 8.5-15

Nontronite 37-72 19-27

Illite 60-120 35-60 15-17

Kaolinite 30-120 25-40 25-29

Hydrated halloysite 50-70 47-60

Dehydrated halloysite 35-55 30-45

Attapulgite 160-230 100-120

Chlorite 44-47 36-40

Allophane 200-250 130-140

PL Description

0 Nonplastic

1-5 Slightly plastic

5-10 Low plasticity

10-20 Medium plasticity

20-40 High plasticity

>40 Very high plasticity



Activity Index

The presence of even small amounts of certain clay minerals in a soil mass 
can have a significant effect on the properties of the soil. Identifying the type 
and amount of clay minerals may be necessary in order to predict the soil’s 
behavior or to develop methods for minimizing detrimental effects.

Indirect Method
An indirect method of obtaining information on the type and effect of clay 
minerals in a soil is to relate plasticity to the quantity of clay–sized particles. 
It is known that for a given amount of clay mineral, the plasticity resulting in 
a soil will vary for the different types of clays. One relationship is activity, 
defined as:

*The percent of clay sizes is 
that of the soil, by weight, 
consisting of particle sizes 
below 0.002mm.

Active Clays>1.25

Normal Clays0.75-1.25

Inactive clays<0.75

ClassificationActivity



Potential Volume Expansion

The general relationship between clay’s potential for swelling or expansion, and 
information about activity, clay particle sizes, and plasticity can be depicted graphically. 
The volume expansion associated with the various categories on the diagram is 
approximately as follows:

<2%Low

2-5%Medium

5-10%High

>10%Very high

Potential 
Volume 
Expansion

Category

Clay material with kaolinite, a 
stable clay, will have low activity, 
whereas soils with 
montmorillonite known to be a 
type subject to large volume 
changes depending on water, will 
have a high activity value.



•Consider two soils, both with a plasticity index Ip of 20.

•The first soil is a sand with only 10% clay. The second is a clay with 10%sand.

•Which would you be most concerned as a foundation material?

•The first soil appears to be a safe foundation material, but if you observe the characteristics of the 
clay, you will see it is a Montmorillonite. A high activity clay that may swell by 800%.

•The second soil, a clay, appears to be a Kaolonite, This clay is a stable material.

•Appearences are sometimes deceptive



Characteristics of Soils 

The 1993 Lemieux landslide in sensitive clay soils dammed the South Nation 
River, near Ottawa, Ontario.
Photo courtesy of G. Brooks, GSC.)
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