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ENVIRONMENTAL FACTORS AFFECTING THE STRENGTH OF SUBGRADES

Vill 6

F.R. OLMSTEAD
E.A, WILLIS

Senior Soils Specialist and Senior Highway Engineer, respectively,
U.S. Public Roads Administration

SEASONAL CHANGES AFFECT MOISTURE-DENSITY-
STRENGTH RELATIONS

Factors which cause changes in the mois—
ture content, demsity, and strength of subgragde
soils in-place, especially in areas where freez-
ing and thawing temperatures occur, include the
texture and structure of the soil, the position
of the water table, and variations in rainfall
and temperature.

As a general rule, the moisture contents
will be higher in fine-grained soils such as
silts, silty clays, and laminated fine sands
with silty clays, and will be the lower in the
more granular soils. The strength of soils va-
ries inversely as the moisture content for a
80il having a given structure but inasmuch as
soil structure is a variable depending upon
the method of compaction and the time factor,

a definite relation between strength and mois-

ture content may be difficult to establish for

g@elgariety of subgrade conditions found in the
ield.

Recent work by the U,S. Engineer Depart-
ment 1) shows that different methods of com=-
pacting soils at the same moisture content and
to the same density affects the strength of the
soil as measured by the CBR test. This appears
particularly significant since the strength of
the soils was determined after the samples had
been allowed to sogk and take up additional
s0il moisture. Similar variations in the mois-
ture-density-strength relations probably occur
in subgrades under pavements since different
methods of manipulation and compaction used in
the field will develop different soil struc—
tures. Thus, the strength of soils determined
under laboratory conditions may not agree with
in-place strength data obtained by testing sub-
grades constructed from similar soils.

The movement and accumulation of water in
subgrades vary with temperature and rainfall
and are consequently affected by seasonal cli-
matic changes.

The test data shown in table 1 were ob-
tained from a series of undisturbed soil sam-
ples taken beneath an experimental test pave-
ment located near Washington, D.C. The subgrade
soil was a plastic clay having a liquid limit
of 51 and a plasticity index of 24. Prior to
the construction of the pavement, the surface
soil was removed and the underlying soil was
manipulated to a 9-inch depth and compacted to
stendard A.A.S.H.O. density at optimum mois-
ture content, Adequate drainage was provided to
minimize any concentration of surface water in
the vicinity of the test pavement so that the
subgrade moisture content would not be affect-
ed by poor drainage conditions.,

A study of these data indicates the sea-~
sonal effect of climatic factors (rainfall and
temperature) upon the moisture-density-strength
relations over a period of approximately 9
months. The moisture content increased from op-
timum moisture content to slightly above the
plastic limit from the summer of 1945 to the
spring of 1946. The dry density decreased with
the increase in moisture content during the same
reriod. The strength of the subgrade as meas-
ured by the maximum vertical minus lateral pres-
sure in the triaxial compression test appears
to follow the seasonal cycle of climatic chan-

ges, being highest during the summer months and
lowest during the fall, spring, and winter months

This test pavement was not subjected to the
action of traffic and it is not known whether
these moisture-density-strength relations would
have been appreciably altered by the compactive
effect of traffic. However, an investigation 2)
of subgrade moisture occurring beneath airport
pavements in United States indicates that the
average moisture content and percent saturation
of clay subgrade soils are in substential agree-
ment with the data obtained from the test pave-
ment., No comparisons could be made between sea-
sonal variations in strength of airport sub-
grades and those observed in the test pavement
as the strength of the soil was not considered
a part of the airport investigation, but it is
reasonable to believe that similar seasonal
changes are likely to occur.

Although these data only show trends, it
raises a question of whether it is desirable
to compact soils at higher densities such as
obtained by the modified A.A.S.H.O. method for
subgrades beneath highway pavements. It appears
that subgrade density may be lowered to less
than standard A.A.S5.H.0. requirements by the
action of climatic factors.

These data suggest the need for addition-
al field investigations to obtain similar in-
formation for different types of subgrade soils
under & wider range of climatic factors. Sever-
al different thicknesses of pavement should be
included in the field study to determine the
effect of insulation courses on the moisture-
density-strength data.

PAVEMENT PERFORMANCE IS RELATED TO ENVIRON-

MENTAL FACTORS

In the correlation of soils with pavement
behavior, it has been established that the
strength of subgrades is related to the envi-~
ronmental factors of climate and relief, For
similer conditions of traffic and pavement de~
sign, the pumping of concrete pavement joints,
the alligator cracking of bituminous surfaces,
frost heaves, frost boils and general spring
breekup conditions are manifestations of the
effect of these factors on the strength of sub-
grade soils.,

A recent survey of conditions of concrete
pavement in Tennessee 3) indicates that en~
vironmental factors could be used to differ-
entiate between pumping end nonpumping pave-
ment joints even though the physical test con-
stants of the soil could not be used to explain
their behavior in the roads built over "loess"
subgrade soils. It was found that the sojl pro~
file characteristics of the native soils oc-
curring within the road right-of-way could be
used to identify soils having different pave-
ment behavior. No pumping was found on the
"loess" soils of the "Memphis Series" whereas
all pumping was associated with the "Lorinﬁ
Series" where the road was built upon the "B"
horizon which is compact and imperfectly drain-
ed. The soil test constants for both these soil
series do not indicate a wide difference in the
physical characteristics.

It will be shown later in this report that
the use of significant soil profile character-
istics in the bvasis of a classificaetion of
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ZARIE )

Seasonal variation in subgrade moisture-density strength
data under a 6-inch pavement. x)

1945 1945 1945 1946 1946 Test
Type of test July Oct. Nov,. Jan, Merch period
10 to 15 | 2& to 25| 23 to 27| 10 to 11l 4 average|
No. of tests S 3 2 2 4 -
Avg, moisture, % 20 22 28 29 29 26
Avg. densi
vfb.?ﬁi. ft. w 106 103 95 94 96 99
Avg., saturation
e percen; 89 91 98 96 98 N
Avg. Max, (V-L)
Kips/sq. £t. 7 5.8 3.5 3.4 4.7 4.9
P ent of Jul,
ei:x? (V-L)u v 100 83 50 49 67 70
Ps§co§§dof test
a .
n:i. (Vv-L 1483 118 71 69 96 100

x) Pavement consisted of 4—inch gravel base with 2-inch bituminous wearing
course. All samples were from upper 9 inches of compacted subgrade from
an area approximately 55 ft. in length.

Subgrade Soil Test Constants

Mechanical Analysis Plasticity Cpnstants| Moisture-Density Data xa)
Passi No. 10 [Fass, No.200 1L PL. FI wt.| Moisture
um. M —_— —_— — o cu.f ] .

100 7 51| 27 | 24 16 20

xa) Stendard A,A,S5.H.O0, Method T 99-38,

s8olls-in-place known as the Pedological Soil
Classification. It has been used by certain
State highway departments in making pavement
performance lnvestigations as well as in the
field classification of soils for engineering
purposes for over 20 years.

ERVIRONMENTAL FACTORS ARE CONSIDERED BY EN-
GINEERS

It is common practice to apply correction
factors to laboratory strength data to compen-
sate for field conditions. Experience has prov-
-ed that such steps must be taken in the prac-
itlcal application of laboratory strength data
to the gesign of pavements.

Some engineers sllow laboratory test sam-
ples to soak for a predetermined period of time
to simulate the worst soil moisture conditions
that might occur under field conditions before
meking strength tests.

Other engineers 4) feel that those con-
ditions of test are too severe for most en-
vironmental conditions found in the field and
suggest that design data be obtained from
strength tests of undisturbed sodl samples or
in-place tests made during critieal periods of
the year.

Wyoming~- 5) suggests the use of correct-
ion factors to evaluate environmental factors

such as numerical ratings for various ranges
of rainfall, depth to water table, degree of
frost action, general overall road conditions
in the area and estimated traffic. The summa-
tion of the numerical rat ‘18 used to select
a particular design curve showing for the ex-
isting conditions the relation between pave-
ment thicknesses and CBR strength data obtain-
ed from the laboratory testing of soil samples
taken from the road project., Figures 1 and 2
5) indicete how this type of numerical rating
is used by Wyoming.

Other engineers suggest the use of pave-
ment performance surveys to establish limita-
tions of various pavement designs under a vari-
ety of soil and traffic conditions. The soils
are classified on the basis of the pedological
soil classification or by significant airphoto
soil patterns correlated with geoclogic land-
forms and environmental soil cheracteristics.

Michigan 6) has made effective use of
this method of utilizing the pedological soil
clasgification to group soils on an engineer-
ing basis. Pavement performance surveys and the
correlation of pertinent engineering data and
design recommendations with this system of soil
classification are the essential items required
for their design method.

Table 2 shows how the soil series (funda-
mental classification unit of the pedological
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system) are related to texture and drainage of must have a working knowledge of pedology, geo-
glacial landforms. These soil keys assist the logy and physiography as well as some construc-
inexperienced engineer to visualize the rela- tion experience to interpret soil engineering
tion of associated s0il series having similar information by means of soil patterns. Also ,a
engineering characteristics. limited amount of ground reconnaissance in con-

Table 3 indicates how pertinent design in- junction with representative sampling and test-
formation and design recommendations cam be ta- ing of so0il is required for the quantatitive
bulated for ready reference during the planning information needed in design work.

of a road project from field soil survey infor- Of all the methods of evaluating the ef-
mation. fect of environmental factors on design, it ap-
Indiena 7) has shown that significant pears that the Wyoming, Michigan, and Indiana

airphoto soil patterns can be used in about the methods are likely to prove to be the most eco-
same manner as soil series to classify soils on nomical and practical. The costs of testing,
an engineering basis. The engineer, however, the limitations due to the lack of testing
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- EXAMPLE 1 EXAMPLE 2

SECTION TMRU A MEAVILY IARIGATED FLAT,

WATEAR TABLE 3 FEEY BELOW GRADE, WEAVY

FAROST ACTION EVIDENT; EXiATING COMDI -

TIONS ADVERSE DUE TO DRAINAGE PLUS OTHER

CONDITIONS; TRAFFIC, AS COMPUTED IN THE

TRAFFIC STUDY ABOVE, 38 MILLION; TOTYAL

VALUE 35 DESIGNATES USE OF THE DESIGN
L cumve 12,

SECTION THAU HIGH BENCH: ANNUAC
PAECIPITATION LESS THAN 10 INCHES:
NO WATER TABLE EVIDENT; NO FAOST
APPARENT; ENISTING CONODITIONS TQ
8f COMSIDEAED EXCELLENT DUE 10
DRAINAGE PLUS OTHEA CONDITiONS;
TRAFFIC 3.8 MILLION; TOTAL VALUE
8 OESIGNATES USE OF DESIGN CUAVE o .

L AssuminG sOiLs with A C. B.R. LESS THAN 3 *7., 3€f FIGUAL 2 FOR CONTINUATION.

DIFFERENT DESIGN CURVES ARE USLED, THROUGHOUT A PROJECT, AS CMANGING CONDITIONS
SHOW TOTAL VALUES INOCICATING THE USE OF A DIFFERENT DESIGN CURVE IN ANY SECTION.

FIG. 1

equipment and personnel, and the time required
for testing soils in the laboratory restricts
the number of samples that can be tested for
any particular project. Consequently, emphasis
must be given to the engineering appraisal of
soils in the field, especially the pavement be-
havior of roads that have been built over si-
milar soil conditions.

"here States have adequate coverage of
county agricultural soil maps or have men train-
ed in the identification of soils in the field
by the pedological soil profile characteristics,
the Michigan method can be effectively used to
obtain a maximum of pertinent engineering in-
formation with a minimum of testing. With this
method of spproach, the major portion of the
work will be accomplished in the field at the
time the detailed soil surveys are made for the
road projects.

If the State has good airphoto coverage,

a good geological map and limited coverage of
agricultural soil maps, the airphoto soil pat-
tern method as suggested by Indiang may be more
satisfactory for identification of soils re-
quiring similar engineering treatment. The ma-
jor portion of the work can be done in the la-
boratory by a highly trained technician but it
should be supplemented with a limited amount
of ground reconnaissance and include represen-
tative sampling and testing of soils for each
significantly different airphoto soil pattern,

In areas where soils are poorly develop-
ed and either airphoto or county soil maps
coverage is limited, the use of Wyoming method
may be the logical approach. The major portion
of the work 1s likely to be in the field making
appraisal of the environmental factors. The
effectiveness of this method appesrs to rest
in the ability of the engineer to Jjudge these
correction factors properly.
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FIG. 2

It is believed that a soil engineer can
estimate the effect of environment in a land
area more accurately through the identification
from soil profile characteristics (pedological
system of soil clessification) than can an en-
gineer using generalized climatic data and
average data on the position of water table
and degree of frost heaving for the same land
area.

SUMMARY

1) There is a need for additional studies of

the soil moisture-density-strength relations
on a seasonal basis for a wide range in soil
textures and climatic conditions. These studies
should be made on subgrades of pavements of
several types and thicknesses so that the ef-
fect of insulation can be correlated with sea-
sonal charnges in the strength of subgrade
soils.,

2) The use of average annual rainfall data as
a design factor might be misleading under
certain conditions. Different external and in-
ternal drainage conditions develop on similar

parent materials under the same annual rain-
fall if the slope of the land surface (relief)
differs significantly in the area.
3) The use of the system of land classifica-
tion by soil series will reflect these
drainage conditions more accurately than a
generalized weather map showing average annu-
al rainfall data.
4) It has been found that environmental factors
affecting the strength of subgrades must be
considered in the design of pavements as well
as laboratory strength data. It is common
practice to apply correction factors to a ge-
neralized design formula to compensate for
field conditions.



5) The use of a numerical rating system based
upon the engineer's judgment of terrain
factors, traffic, and climatic conditions;the

use of pavement performance surveys and soil
information correlated with soils classified
on the basis of soil profile characteristics
(pedological classification); or the use of
pavement performance surveys and soil informa-
tion correlated with significant airphoto soil
patterns appears to be the most practical me-
thods of evaluating the effect of environmen-
tal factors likely to affect the strength of
subgrade soils.
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THE PREPARATION OF SUBGRADES OF COMPACTED SOILS FOR PAVING OR STRUCTURES

\/I" { 7 H.R, PROCTQR
Field Engr,, Dept. of Water and Power, City of Los Angeles

SYNOPSIS

The almost universal practice of preparing subgrades for paving or structures
by compacting with a sheepsfoot roller (of widely varying weights and designs) un-
til the top of the loose surface of the fill is at approximate subgrade elevation,
and then completing the compaction by the use of one of many tyges of flat rollers

to prepare the final subgrade includes two fundamental errors.

irst, the full conm-

pactive effort of the sheepsfoot roller is not secured closer than 10 inches to the
fill surface and the flat rollers used cannot compact this top 10 inches of the fill
to as high a density (dry weight) as can the sheepsfoot roller (about 50 1lb per sq
in indicated saturated penetration resistance, to be compared to a value as high

‘as 700 1b per sq in with properly designed and used sheepsfoot rollers), and thus

a layer of potential mud or near mud (about 50 1lb per sq in penetration resistance

in case of subgrade saturation) is left to serve as the foundation for the paving

or structure., Second, the weight of the roller causes some consolidation, not com-
paction, of the soil at a distance from 1 to 4 ft from the loose surface of the

fill; and this process of consolidation by sheepsfoot roller is not completed closer
than 4 ft, or may be a little more, from the fill surface. Subsequent traffic or
structure loads continue the consolidation. Present day practices of placing rock
"base courses" to considerable depths under pavings to overcome the above compact-
ion deficiencies, does not differ importantly from the road building methods of
Caesar; it appears to be time for a modernization of road building methods that takes
into account some of the recent progress in the field of soil mechanics. It is the
purpose of this discussion to point out possible ways and means of eliminating the
two foregoing errors in the preparation of subgrades. *

INTRODUCTIOR
For the purpose of this discussion it will

be assumed, by definition, that sheepsfoot roll-

ing, in similar fashion to dry rodding of sand,
compacts, and that pneumatic tires, flat roll-
ers, and foundation loadings consolidate.These
different actions in compacted F1lls are not
well understood; referring to Fig. 1, the re-
sulting soil dry weight from compaction over

& wide range of sheepsfoot roller exerted com-
pactive efforts is shown, and then the addi-
tional consolidation per foot of depth of fill
that will take place under a static loading of
50 1b per 8q in is also shown by the small fi-
gures to the left of the zero air voids curve.
It is believed that neither compaction nor con-

solidation alone can achieve suitable subgrades,
particularly for pavements and especially for
structures that may have a vibratory loading.
A compacted soil will consolidate and likewise
a consolidated, but not compacted, soil will
compact if its structure is disturbed after it
is consolidated; an illustration of this can
be found in that equipment traveling on a soil
that has been consolidated while fairly dry
under pneumatic tired rolling will continue to
go down under the action of pneumatic tires
when the soil becomes saturated unless it is
compacted to a greater density than is gener-
ally achieved (above 350 1b per sq in satura-
ted penetration resistance).



