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compressibibty and those of relatively high
compressibility. Sandy soils having some
plasticity will usually plot to the left of lne
*“C” and above line “A”, Silty sois having
some plasticity and orgamic silty clays will
generally e below hine “A” and to the left of
line “B”. Organic clays and micaceous or dia-
tomaceous silty soils will also plot below hine
“A”, but to the right of line “B”,

SOILS

7. General charactenstics which are of im-
portance 1n relation to the behawvior of soils
as subgrade or base course matenals are tabu-
lated in columns 7 through 14 of Table 5.
However, it should be emphasized that the
charactenstics of each soil should be carefully
checked by actual tests before being used 1n
design.

SoiL CLASSIFICATION AND EVALUATION OF SUBGRADE SUPPORTING POWER FOR
AIRFIELDS

Prepared by A. H. HaprieLp, Civil Aeronautics Administration

The estabhshment of airports and landing
fields by the Civil Aeronautics Admimstration
18 accomplished by engineers working out of
eight regional offices. Adherence to a com-
mon standard 1n pavement design was found
difficult due to the wide range of soil types
encountered on sites situated throughout the
Umited States and Alaska, and lack of a
method of classifying these soils on the basis
of their relative value as foundation matenals.

To meet the need for a method of soil clas-
sification and evaluation of the soils as sub-
grade supporting materials, which could be
applied directly to the problem of determumng
pavement thicknesses, the classification shown
1 Table 6 has been dewvised.

The classification 15 based on the mechamecal
analysis, plasticity characteristics, expansive
quahties and California bearing ratio of the
soils The values fixed for these properties
are those that the soils would normally be ex-
pected to have. Most soils are found to fall
into one of the ten groups, although frequently
the CBR values determined will place the soil
in a different group than the other properties
and in such a case, the soil 1s placed n
the lower of the groups 1n question or an inte1-
polation made. Itisbeheved that a soil clas-
sification based on the physical characteristics,
together with bearing tests, will provide a more
accurate rating of the soil than if the classifica-
tion and evaluation were based on only one of
these values.

The Cahfornia beanng test was chosen be-
cause 1t measures the relative beanng power
of the natural soil under conditions more
nearly approximating the worst conditions
that can be expected Also, this bearing test

18 coming into wide use and correlation of the
results of the tgsts and service records on a
large number of airports 1s becoming available.

Plate beanng tests are generally made and
used as a check on the modulus of subgrade
reaction (k) 1n connection with the design of
rigid pavements

It will be noted that hike other soil classi-
fications, there are two groups: the E-1 to E-4
“granular soils”’ contaiming 55 per cent.or more
of sand and the E-5 to E-10 “non-granular
soils” contaimng less than 55 per cent sand
(the E-5 has 65 per cent or less sand) The
granular soils are further divided into non-
frost heave soils, Groups E-1 and E-2, and
soils subject to frost heave, Groups E-3 and
E-4. The E-1 sol is a free-draimng, non-
plastic sand corresponding to the Pubhc Roads
classification A-3. The E-2 soil is a sand con-
taimng shghtly more silt and clay than the
E-1. The E-3 corresponds to a non-plastic
and moderately plastic Public Roads A-2 type
and the E-4 1s equivalent tq Public Roads A-2
plastic type.

In the non-granular group the E-5 soil cor-
responds to the non-plastic or moderately plas-
tic A4 silt, and the E-6 to the more plastic
A-4 silts, the A4 and A-6 silty clays, and the
A-6 or A-7 clays of low plastiaity. The E-7,
E-8 and E-9 groups'include clay soils of aver-
age plasticaty, hgh plasticity and very high
plasticity, respectively, covered by Publc
Roads A-6 and A-7 soll groups. The E-10 1s
the highly elastic soil classed as A-5 by Pubhe
Roads Administration.

Since soil charactenstics and supporting

" power can be so greatly affected by excessive -

moisture and frost, identifying F and R sym-
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bols are used to reflect the soil properties under
such conditions. These F and R symbols are
used to evaluate the various classes of soil as
subgrade supporting material under varying
conditions of moisture and frost and in deter-
mining from design curves thickness of pave-
ment required for flexible (F) and ngid (R)
pavements. Thus an E-1 sol is evaluated as
a F, or R, material on which no sub-base
would be required under any conditions. An
E-3 so1l is an estimate of the poorest soil on
which a base course for a flexible pavement
could be placed under the most favorable con-
ditions of no frost and good drainage and 18
evaluated as an F, material for these condi-
tions, but as an ¥y, F;, or F; matenal requr-
ing sub-base of increasing thicknesses for
conditions of severe frost-good drainage, no

SOILS

frost-poor drainage,andsevere frost-poor drain-
age, respectively. Likewise, an E-5 soil char-
acterizes the poorest material on which a rigid
pavement could be placed without a sub-base
for conditions of no frost, and under such con-
ditions is evaluated as an R, material; while
for frost conditions this E-5 soil is evaluated as
Rsy requinng sub-base.

This method of soil classification has been1n
use for only 7 months and undoubtedly as
additional information is assembled, revisions
and adjustments will be found desirable.
Classification of soils on all new projects, as
well as on airports and landing fields already
constructed, will result in sufficient information
s0 that eventually the soils classification values
can be adjusted to meet our requirements for
design,

DISCUSSION

APPLICATION OF THE CLASSIFICATIONS AND -GROUP INDEX IN ESTIMATING
DESIRABLE SUBBASE AND ToTAL PAVEMENT THICKNESSES

D. J. SteEELE, Materials Engineer, San Fran-
cisco District, Public Roads Administration.
Under the heading “Subbase Thicknesses” the
report lists several vanables, if addition to
properties of subgrade, which should be taken
into account in designing thicknesses. The
recommended procedure for arriving at ade-
quate and economical foundation designs for a
particular area 1s to identify subgrade types,
determine thicknesses and types of existing
pavements over these subgrades, and evaluate
past performance with due regard for the
traffic and other vanables mentioned. How-
ever, the report recognizes that empirical
thickness tables tied to test values may be
helpful if applied to local conditions under
competent engineering direction,

1 have been requested to discuss and present
examples of empincal thickness tables tied to
the test methods and clasmfication arrange-
ment of the report. This assignment is ac-
cepted with some hesitancy as, firstly, 1t must
be admitted that there are inadequacies in all
presently known subgrade identification and
test methods and, secondly, there 1s danger
that any set of thickness tables or curves wall
be taken too hiterally without the adjustment
to local conditions and performance which the
report recommends and which requres the

kind of engineering experience and skill not
replaceable by tables or curves. Neverthe-
less, even approximately correct evaluation of
test data on subgrades and local materials
results in more nearly correct design than 1s
possible wathout such evaluation. Therefore,
the writer 1s presenting an outline which his
experience indicates as approximating desir-
able practice under average conditions, and
with the full expectation that those who take
the trouble to check 1t against actual perfor-
mance of existing roads in various localities
will find 1t less than a perfect answer to an
exceedingly complex problem.

The essentials of the outline are shown by
the charts of Figure A. These charts purport
to take care of three of the six variables men-
tioned in the report; subgrade characteristics,
traffic, and justifiable factor of safety on basis
of avalabihity of satisfactory subbase ma-
terals The three other vanables mentioned
are discussed as follows:

Climate—It is considered that the over.a]]
thicknesses shown by the charts should take
care of most variations in climatic conditions,
the probable exception being the effect of deep
frost penetration. Counteracting the effects
of frost penetration apparently involves pro-
vision for good drainage combined with yse of





