
!:>"1 
L 111 q 

£ .. r -
THE UNIFIED SOIL CLASSIFICATION SYSTEM 

APPENDIX 8 

CHARACTERISTICS OF SOIL GROUPS PERTAINlNG TO 
ROADS AND AIRFIELDS 

TECl-INICAL MEMORANDUM NO. 3-357 v, "3 · 
I 

March 1953 

[Revised June 1957] 

U. S. Army Engineer Waterways Experiment Station 
CORPS OF ENGINEERS 

Vicksburg, Mississippi 



ii 

Contents 
. ~ '• ' 

Introduction • . . . . . . . . . . . . . . . • • • • • . . . 
Features Shown on Soils Classification Sheet • . . . . . . . . . 

Subdivision of coarse-grained soil groups • • • • • • 
Values oT soi~s as su'ogiade, subbase, or !Jase mat-er~als 

. Potential frost action .• · •. ·• • '• • . • • • • • · • • • 
Compressipility and·expansion : •••••••••••••• 
Drainage characteristics • • • • • • • • • • • • • • • • • 
Compaction equipment • • • • • • • • • • • • • • • • • 

Graphical Presentation of Soils Data 

Table B-1 

. . . • • . . . . . 

Page 

Bl 

Bl 

B2 
E2 
B4 
B5 
B5 
B6 

B7 



/A7 
W34-
~. 3-3S7 

UNIFIED SOIL CIASSIFICATION SYSTEM 
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Vf •3 APPENDIX B 

CHARACTERISTICS OF SOIL GROUPS PERTAINING TO 

ROADS AND AIRFIELDS 

Introduction 

Bl 

1. The properties desired in soils for foundations under roads 

and airfields and for base courses under flexible pavements are: ade

quate strength, good compaction characteristics, adequate drainage, re-
• sistance to frost action in areas where frost is a factor, and acceptable 

compression and expansion characteristics. Certain of these properties, 

if inadequate in the soils available, may be supplied by proper construc

tion methods. For instance, materials having good drainage characteristics 

are desirable, but if such materials are not available locally, adequate 

drainage may be obtained by installing a properly designed water collect

ing system. Strength requirements for base course materials, to be used im

mediately under the pavement of a flexible pavement structure, are high and 

only good quality materials are acceptable. However, low strengths in 

subgrade materials may be compensated for in many cases by increasing 

the thickness of overlying concrete pavement or of base materials in 

flexible pavement construction. From .the foregoing br.ief discussion, it 

may be seen that the proper design of roads and airfield pavements requires 

the evaluation of soil properties in more detail than is possible by use 

of the general soils classification system. However, the grouping of 

soils in the· classification system is such that a general indication of 

their behavior in read and airfield construction may be obtained. 

Features Shown on Soils Classification Sheet 

2. General characteristics of the soil groups pertinent to reads 

and airfields are presented in table Bl. Columns 1 through 5 show major 
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soil divisions, group symbols, hatching and color s'ymbols; column 6 gives 

names of soil types; column 7 evaluates the performance (strength) of the 

soil groups when used as subgrade materials that will not be subject to 

frost action; column 8 and column 9 make a similar evaluation for the 

soils when used as subbase and base materials; potential frost action is 

shown in column 10; compressibility and expansion characteristics are 

shown in column 11; column 12 presents drainage characteristics; column 

13 shows types of compaction equipment that perform satisfactorily on 

the various soil groups; column 14 shows ranges of unit dry weight for 

compacted soils; column 15 gives ranges of typical California Bearing 

Ratio (CBR) values; and column 16 gives ranges of modulus of subgrade 

reaction (k). The various features presented are discussed in the fol

lowing paragraphs. 

Subdivision of 
coarse-grained soil groups 

3. It will be noted in column 3, letter symbols, that the basic 

soil groups, GM and SM, have each been subdivided into two groups desig

nated by the suffixes d and u which have been chosen to represent desir

able and less desirable (undesirable) base materials, respectively. This 

subdivision applies to roads and airfields only and is based ori: field ob

servation and laboratory tests on the behavior of the soils in these 

groups. Basis for the subdivision is the liquid limit and plasticity 

index of the fraction of the soil passing the No. 40 sieve. The suffix 

d is used when the liquid limit is 25 or less and the plasticity index 

is 5 or less; the suffix u is used otherwise. Typical symbol~ for soils 

in these groups are GMd and SMu, etc. 

Values of soils as subgrade, 
subbase, or base materials 

4. The descriptions in columns 7, 8, and 9 give a general indica

tion of the suitability of the soil groups for use as subgrades, subbase, 

or base materials, provided they are not subject to frost action. In 

areas where frost heaving is a problem, the value of materials as sub

grades or subbases will be reduced, depending on the potential frost 

action of the material, as shown in column 10. Proper design procedures 
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should be used in situations where this is a problem. The coarse-grained 

soils in general are the best subgrade, subbase, and base materials. The 

GW group has excellent qualities as a subgrade and subbase, and is good 

as base material. It is noted that the adjective "excellent" is not 

used for any of the soils for base courses; it is considered that the 

adjective "excellent" should be used in reference to a high quality 

processed crushed stone. Poorly-graded gravels and some silty gravels, 

groups GP and GMd, are usually only slightly less desirable as subgrade 

or subbase materials, and under favorable conditions may be used as base 

materials for certain conditions; however, poor gradation and other factors 

sometimes reduce the value of such soils to such extent that they offer 

only moderate strength and therefore their value as a base material is 

less. The GMu, GC, and SW groups are reasonably good subgrade materials, 

but are generally poor to not suitable as bases. The SP and SMd soils 

usually are considered fair to good subgrade and subbase materials but 

in general are poor to not suitable for base materials. The SMu and SC 

soils are fair to poor subgrade and subbase materials, and are not suit

able for base materials. The fine-grained soils range from fair to very 

poor subgrade materials as follows: silts and lean clays (ML and CL), 

fair to poor; organic silts, lean organic clays, and micaceous or diato

maceous soils (OL and MH), poor; fat clays and fat organic clays (CH and 

OH), poor to very poor. These qualities are compensated for in flexible 

pavement design by increasing the thickness of overlying base material, 

and in rigid pavement design by increasing the pavement thickness or by 

the addition of a base course layer. None of the fine-grained soils are 

suitable as subbase or base materials. The fibrous organic soils (group 

Pt) are very poor subgrade materials and should be removed wherever pos

sible; otherwise, special construction measures should be adopted. They 

are not suitable as subbase and base materials. The California Bearing 

Ratio (CBR) values shown in column 15 give a relative indication of the 

strength of the various soil groups as used in flexible pavement design. 

Similarly, values of subgrade modulus (k) in column 16 are relative in

dications of strengths from plate-bearing tests as used in rigid pavement 

design. As these tests are used for the design of pavements, actual 
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test values should be used for this purpose instead of the approximate 

values shown in the tabulation. 

5. For wearing surfaces on unsurfaced roads sand-clay-gravel mix

tures (Ge) are generally considered the most satisfactory. However, they 

should not contain too large a percentage of fines and the plasticity in

dex should be in the range of 5 to about 15. 
Potential frost action 

6. The relative effects of frost action on the various soil groups 

are shown in column 10. Regardless of the frost susceptibility of the 

various soil groups two conditions must be present simultaneously before 

frost action will be a major consideration. These are a source of water 

during the freezing period and a sufficient period for the freezing tem

perature to penetrate the ground. Water necessary for the formation of 

ice lenses may become available from a high ground-water table, capillary 

supply, water held within the soil voids, or through infiltration. The 

degree of ice formation that will occur in any given case is markedly in

fluenced by environmental factors such as topographic position, stratifi

cation of the parent soil, transit1ons into cut sections, lateral flow 

of water from side cuts, localized pockets of perched ground water, and 

drainage conditions. In general, the silts and fine silty sands are the 

worst offenders as far as frost is concerned. Coarse-grained materials 

with little or no fines are affected only slightly if at all. Clays (CL 

and CH) are subject to frost action, but the loss of strength of such 

materials may not be as great as for silty soils. Inorganic soils con

taining less than three per cent of grains finer than 0.02 mm in diameter 

by weight are generally nonfrost-susceptible. Where frost-susceptible 

soils are encountered in subgrades and frost is a definite problem, two 

acceptable methods of design of pavements are available. Either a suf

ficient depth of acceptable granular material is placed over the soils 

to prevent freezing in the subgrade and thereby prevent the detrimental 

effects of frost action, or a reduced depth of granular material is used, 

thereby allowing freezing in the subgrade, and design is based on the 

reduced strength of the subgrade during the frost-melting period. In 

many cases appropriate drainage measures to prevent the accumulation of 
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water in the soil pores will help to diminish ice segregation in the sub

grade and subbase. 

Compressibility and expansion 

7. These characteristics of soils may be of two types insofar as 

their applicability to road and runway design is concern~d. The first 

is the relatively long-term compression or consolidation under the dead 

weight of the structure, and the second is the short-term compression 

and rebound under moving wheel loads. The long-term consolidation of 

soils becomes a factor in design primarily when heavy fills are made on 

compressible soils. If adequate provision is made for this type of 

settlement during construction it will have little influence on the load

carrying capacity of the pavement. However, when elastic soils subject 

to compression and rebound under wheel load are encountered, adequate 

protection must be provided, as even small movements of this type soil 

may be detrimental to the base and wearing course of pavements. It is 

fortunate that the free-draining, coarse-grained soils (GW, GP, SW, and 

SP), which in general make the best subgrade and subbase materials, ex

hibit almost no tendency toward high compressibility or expansion. In 

general, the compressibility of soils increases with increasing liquid 

limit. The foregoing is not ccmpletely true, as compressibility is also 

influenced by soil structure, grain shape, previous loading history, and 

other factors that are not_evaluated in the classification system. Un

desirable compressibility or expansion characteristics may be reduced by 

distribution of load through a greater thickness of overlying material. 

This, in general, is adequately handled by the CBR method of design for 

flexible pavements; however, rigid pavements may require the addition of 

an acceptable base course under the pavement. 

Drainage characteristics 

8. The drainage characteristics of soils are a direct reflection 

of their permeability. The evaluation of drainage characteristics for 

use in roads and runways is shown in column 12. The presence of moisture 

in base, subbase, and suograde materials, except for free-draining, coarse

gl-ained soils, may cause the development of pore water pressures and loss 

of strength. The moisture may come from infiltration of rain water or by 
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capillary rise from an underlying water table. While free-draining ma

terials permit rapid draining of water, they permit rapid ingress of 

water also, and if such materials are adjacent to less pervious materials 

and have free access to water they may serve as reservoirs to saturate 

the less pervious materials. It is obvious, therefore, that in most in

stances adequate drainage systems should be provided. The gravelly and 

sandy soils with little or no fines (groups GW, GP, SW, and SP) have ex-

-cellent -drainage -ctrarac teristics. The GMd -and -SMd groups have i'air to 

poor drainage characteristics, whereas the GMu, GC, SMu, and SC groups· 

may be practically impervious. Soils of the ML, MH, and Pt groups have 

fair to poor drainage characteristics. All of the other groups have poor 

drainage characteristics or are practically impervious. 

Compaction equi~ment 

9. The compaction of soils for roads and runways, especially for 

the latter, requires that a high degree of density be attained at the 

time of construction in order that detrimental consolidation will not 

take place under traffic. In addition, the detrimental effects of water 

are lessened in cases where saturation or near saturation takes place. 

Processed materials, such as crushed rock, are often used as base course 

and such materials require special treatment in compaction. Types of 

ccmpaction equipment that will usually produce the desired densities are 

shown in column 13. It may be noted that several types of equipment are 
,,_ 

listed for some of the soil groups; this is because variations in soil 

type within a given group may require the use of different equipment. 

In some cases more than one type of equipment may be necessary to produce 

the desired densities. Steel-wheeled rollers are recommended for angular 

materials with limited amounts of fines, crawler-type tractors or rubber

tired rollers for gravels and sands, and sheepsfoot rollers for coarse

grained or fine-grained soils having some cohesive qualities. Rubber

tired rollers are also recommended for final compaction operations for 

most soils except those of high liquid limit (group H). Suggested mini

mum weights of the various types of equipment are shown in note 2 of the 

table. In column 14 are shown ranges of unit dry weight for soils com

pacted according to the modified AASHO compaction procedure. These values 



B7 

are included primarily for guidance; design or control of construction 

should be based on test results. 

Graphical Presentation of Soils Data 

10. It is customary to present the results of soils explorations 

on drawings as schematic representations of the borings or test pits or 

on soil profiles with the various soils encountered shown by appropriate 

symbols. As one approach, the group letter symbol (CL, etc.) may be 

written in the appropriate section of the log. As an alternative, hatch

ing s~111bols shown in column 4 of table Bl may be used. In addition, the 

natural water content of fine-grained soils should be shown along the 

side of the log. other descriptive abbrev.iations may be used as/deemed 

appropriate. In certain special instances the use of color to delineate 

soil types on maps and drawings is desirable. A suggested color scheme 

to show the major soil groups is described in column 5 of table Bl. 
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Table Bl 

CHARACTERISTICS PERrINENT TO ROADS AND AIRFIELDS 

Symbol Value as Subgrade Value as Subbase Value as Base Potential Compressibility 
When Not Subject to When Not Subject When Not Subject Frost and Drainage 

Mai or Di visions Name Frost Action to Frost Action to Frost Action Action Expansion Characteristics . Compaction Equipment 

1<~r Hatching c~~zr (1 (2) 4) (6) (7) (8) (9) (10) (11) (12) (13) 

ow :~ ..... 
Crawler-type tractor, r~bber-tired ·.·9· Well-graded gravels or gravel-sand Excellent Excellent Good None to very Almost none Excellent 

:~ ..... mixtures, little or no fines slight roller, steel-wheeled roller 

:~:::. 
'd 

ii! 
GP ::-.: Poorly graded gravels or gravel-sand Goo'd to excellent Good Fair to good None to very Almost none Excellent· Crawler-type tractor, rubber-tired 

GRAVEL :{. mixtures, little or no fines slight roller, steel-wheeled roller 

AND 

GRAVELLY 
Id 

Rubber-tired roller, sheepsfoot I Good to excellent Good Fair to good Slight to Very slight Fair to poor 
medium roller; close control of moisture 

SOIIB 1-- Silty gravels, gravel-sand-silt mixtures 
GM ----- ----- ---- ----

1u ~ 

I 
::1 Good Fair Poor to not suitable Slight to Slight Poor to practically Rubber-tired roller, sheepsfoot 

:::: medium impervious roller 

GC ~ Clayey gravels, gravel-sand-clay mixtures Good Fair Poor to not suitable Slight to Slight Poor to practicall;' Rubber-tired roller, sheepsfoot 

COAR3E- ~ medium impervious roller 

GRAINED •oo 
!_~'! -1</ell-gmded __ ,,de -or -Jiravelly -"Anda, ~ Fair to good Poor Ilona tQ very ~narnc Excellent _ crawler-type tractor, rubber-tired 

sons SW ... 
little or no fines slight roller ,.: 

'd .. a! ••• Poorly graded sands or gravelly Poor to not eui table crawler-type tractor, rubber-tired 
SP • Fair to good Fair None to very A.lmoet none Excellent 

BAND • • sands, little or no fines slight roller ... 
AND 

Id Rubber-tired roller, sheepsfoot Fair to good Fair to good Poor Slight to Very slight Fair to poor 

BANDY I high rollerj close control of 

1--
Foisture ----SOILS SM 

~ 
Silty sands, sand-silt mixtures 

,___ - ,..___ --- - - ' -----
1u Fair Poor to fair Not eui table Slight to Slight to medium Poor to practically jRubber-tired roller, sheepsfoot 

I :::: high impervious roller 
' 

/ 
; 

SC Clayey sands, sand-clay mixtures Poor to f1>ir Poor Not suitable Slight to Slight to medium Poor to practically Rubber-tired roller, sheepsfoot 

w. high impervious ·roller 

Inorganic silts and very fine sands, rock Poor to fair Not aui table Not suitable Medium to Slight to medium Fair to poor Rubber-tired roller, sheepsfoot 
ML SIIll'S flour, silty or clayey fine sands or very high roller,; close control of moisture 

AND clayey silts with slight plasticity 

CLAYS 

~ " Inorganic clays of low to medium plastic- Poor to fair Not Bui table Not suitable Medium to Medium Practically Rubber-tired roller, sheepsfoot 
LL IS " CL ~ I! 1 ity, gravelly clays, sandy clays, silty high impervious roller 
LESS " clays 1 lean clays 

THAii 50 :1,;1 - Rubber-tired roller, sheepsfoot 
Organic silts and organic silt-clays of Poor Not suitable Not suitable Medium to Medium to high Poor 

FINE- OL 111
11 low plasticity high roller 

GRAINED 

SIIll'S Inorganic silts, micaceous or diatomaceoue Poor Not suitable Not suitable Medium to High Fair to poor Sheepsfoot roller, rubber-tired 
Ml! SOILS fine sandy or silty soils, elastic silts very high roller 

AND 

CLAYS CH ~ ~ 
Inorganic clays of high plasticity, fat Poor to fair Not suitable Not suitable Medium High Practically Sheepsfoot roller, rubber-tired 

LL IS clays ' impervious roller 

GREATER ~ Sheepsfoot roller, rubber~tired 
OH Organic clays of medium to high Poor to very poor Not suitable Not suitable Medium High Practically 

THAN 50 ~ plasticity, organic silts impervious roller 

,.......... 

f HIGHLY ORGANIC SOILS pt µ.MA. 

........ Peat and other highly organic soils Not eui table Not eui table Not suitable Slight Very high Fair to poor compaction not practical 
µ......... 0 

Note: 

l. Column 3, division of GM and SM groups into subdivisions of d and u are for roe.de and airfields only. Subdivision is on basis of Atterberg limits; suffix d (e.g., GMd) will be used when the liquid limit is 25 or lees and the 
I plasticity index is 5 or lees; the eUffix u will be used otherwise. 

In column 13, the equipment listed will usually produce the required densities with " reasonable number of passes when moisture conditions and thickness of lift are properly controlled. 
are listed because variable soil characteristics within a given soil group may require different equipment, In some instances, a combination of two types may be necessary. 

2. In .some instances, several types ot equipment 

!.• Processed base materials and other an r materials. Steel-wheeled and rubber-tired rollers are recommended for hard, angular materials with limited fines or screenings. 
e ject to gradation. 

!!.• Finishing. Rubber-tired equipment is recommended for rolling during final shaping Operations for most soils and processed materials, 
E.• Equipment size. The following sizes of equipment are necessary to assure the high densities required for airfield construction: 

crawler-type tractor -- total weight in excess of 30,000 lb. 

Rubber-tired equipment is recommended for eofte~ materials 

Rubber-tired equipment -- wheel load in excess of 15,000 lb( wheel loads as high as 4o,ooo lb may be necessary to obtain the required densities for some materials (based on contact pressure of approximately 65 to 150 pai). 
Sheepefoot roller -- unit pressure (on 6- to 12-eq-in. foot J to be in excess of 250 psi and unit pressures as high as 650 psi may be necessary to obtain the required densities for some materials. The area of the feet should 

be at least 5 per cent of the total peripheral area of the drum, using the diameter measured to the faces of the feet. 
Column 14, unit dry weights are for compe.cted soil e,t optimum moisture content for modified AASHO canpaction effort. 

Tvt>ical Deaiirn Values 
Unit Dry Suograde Modulus 
Weight k 

lb per cu i't CBR lb per cu in • 
(14)' (15) (16) 

125-140 40-80 200-300 

ll0-140 30-60 200-300 

125-145 40-6o 200-300 

----
115-135 20-30 100-200 

130-145 20-40 100-300 

ll0-130 20-40 200-300 

105-135 10-40 200-300 

120-135 15-40 200-300 

-------- -
100-130 10-20 100-200 

100-135 5-20 100-300 

90-130 15 or 100-200 
less 

90-130 15 or 50-200 
less 

90-105 5 or 50-100 
less 

80-105 10 or 50-100 
less 

90-ll5 15 or 50-200 
less 

80-llO 5 or 25-100 
less 

- - -
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