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INTRODUCTION

Since the adoption of the present structural design method in
1951, the design stebllity of soils, incorporated in the roadway
section has been determined from R~Value and expansilon pressurs
measurements on soll specimens which fulfill certain design criteria,
The test employs test specimens which are prepared in the Laboratory
to simulate the state of moilsture saturation and density that is
frequently typical of the soil under a pavement after it has been
down for & number of years. A mechanical compactor first forms the
specimen with a "kneading like" compaction which reproduces an
internsal structure comparable to that resulting in the roadbed from
construction compaction. Kneading compaction 1is followed by the
application of a steadily increasing load with a testing press untll
the contained water begins to exude. The unit load applied when
moisture is squeezed out is called the "exudation pressure" and
generally represents a saturated condition in the specimen. Up to
the present time, the design R-Value has been determined as the
R-Value interpolated to a theoretical speclmen which would exude
water under 00 psl pressure, except 1n cases where highly expansive
materials are encountered., In the latter instance, the design R«Value
is modified in accordance with expansion pressure measurements to
provide additional cover &as required for stabillty.

Where design is based upon exudation pressure, the 1,00 psi value
has been assumed to represent the state of density and the greatesat
amount of water the soil may ultimately attaln in the road sometime
after completion of construction. However, recent experience has
indicated that the orlginal assumption of [l00 psi was overly optimistic
with respect to conditions which have been observed on many of our
highways. Evidence that the road molsture level often exceeds the
amcunt developed in the R-Value test and the frequent indications
of high resilience in the subgrade at the moistures found have
indicated a need for the lowering of the axudation pressure interpo-
lation point.

In correlating laboratory tests with field performance, 1t has
been found from Benkelman Beam measurements that high pavement
daflections are associated with resilient (or springy) materials
whieh have become saturated. Since repeated high deflectlions under
normal highway traffic conditions will often cause fatigue fallure
of bituminous pavements within a relatively short period, it becomes
important to minimize deflections by providing additional cover
thickness over resilient solls. Research studies in the Laboratory
involving the Resiliometer, have indicated that the degree of
resilience in & given scoil is generally proportional to the molsture
‘content of the material. Also, soils composed predominately of silt
“ape usually the most resilient and likewise are the most sensitive

to molsture content.

While the R-Value test in its present form does not provide for
the direct evaluation of the resilience factor in soils, investigation
o has revealed that a shift to 300 exudation pressure will Increase the
molsture in the test specimens and cause the greatest lowering of R-Value
in the critical silty materials. The consequent substantial increases
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in cover ?hicknesses will therefore be made over resilient soils
where 1t is necessary to reduce pavement deflections.

The investigation, which is the subject of this report, was
directed at examining the over-all effect of a change in the exudation
pressure interpolation point on all classes of soll commonly
encountered in the building of highways in California. Particular
effort is made to analyze base materlials with respeet to the lowering
of R-Value and possible rejection by limiting R-Value specifications.
Primary consideration was given in the collectlon of data, to the
effect of reducing the pressure from the present 400 psi to 300 psi.
However, in connection with base materials, examination was also made
of the intermediate 350 psi level. :

ANALYSIS OF DATA

WAV fasTio..codn

Initially the study began with the tabulation of R-Values at
00 and 300 psl exudation pressure for various materials tested in
1953. The reason for utilizing the 1953 data was that up to that
time we performed a considerable amount of routine testing of all
types of materials for the various districts. Figure 1 illustrates
with a scatter diagram, the over-all effect of lowering the exudation
pressure to 300 psi. By grouping the R-Values at 400 psi in 10
R-Value increments and tallying the differences between R-Values at
00 and 300 psi, it is possible to obtain a percentille distribution
of tests in terms of differences. This is shown in Figure 2 for 100,
90, 70 and 50 percentile, respectlvely. It is noted that, in general,
the greatest difference occurs in the L1 to 60 R-Value (€ 400 psi)
range. Flgure 3 was constructed to show the increase in gravel
equivalents (@ a T.I. of 9.0) needed to accommodate the differences.
Also shown in the same figure is a cumulative curve exhiblting the
percentage of tests which show R-Value differences equal to or 1less
than the indicated differences. From these two curves, 1t can be
seen, for example, that 90% of the materials tested will require from
zere up to 6oh inches of additional cover. Likewlse, maximum changes
in cover can be determined for various other proportions. Figure E
was included to show the distribution of differences, in the 41 to
60 group, in terms of number of tests.

. While the 1953 test series included a number of untreated rock
base (URB), crusher run base (CRB) and imported base material (IBM)
samples, it is felt that an analysis of the effect of & shift in
exudation pressure on base materials should be accomplished with
more recent test data. Since the 1953 tests were performed, two
signifilcant changes have been made 1in the R-Value teat procedure,
Fﬁrat, the use of paper baskets in the fabrication of test speclmens
way’ made a standard requirement for all coarse textured untreated
bases. Secondly, the so-called "locked nead" procedure for confining
thie test specimen before applying the initlal 5 psi horizontal
pressure was introduced. Both of these items improved the test
considerably by minimizing pre-disturbance of the compacted specimen
and thereby reduced the spread of test values obtained. In view of
the changes 1n the test procedure and the fact that the URBTs and
CRB's conformed to the 1949 8tandard Specifications, 1t was concluded
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that the study gf base materials should be made on more recent
tests representing the l95h specification requirements.

Tests performed on untreated base (UB) and imported base
material (IBM) samples were therefore tabulated for the years
1955 through 1958, Figures 5 and 6 exhiblt the distribution of
UB tests for various differences at 300 and 350 exudation pressures
respectively. It is noted that the dotted portion of the bars,
representing zero difference, encompasses the majority of tests.
Figures 7 and 8 are similar charts for IBM. In both of these latter
charts the proportion of tests ilndicating sero difference with respect
to the other differences is considerably less than for UB's, thus
denoting a greater variation of R-Value for IBM's.

In recent years it has become increasingly evident that .the
amount of moisture remaining in the specimen under ILO0 psl exudation
pressure 1s somewhat lower than the level of moisture eguilibrium
which is often reached in a roadbed during its life span. As was
previously pointed out, this is not in accordance with a fundamental
concept of the R-Value test and design method which stipulates that
the soil be tested under the most unfavorable moisture condition.
Records from various failure investigations reveal numerous instances
where the inplace field moisture contents of subgrade material have
exceeded the values used in the determination of R-Value on the same
materials in the Laboratory. LThis is illustrated in a summary given
in Table I, of molsture tests performed on projects at least one year
and in some cases as much as 5 years after completion of construction.

Columns (5) and (6), in Table I, exhibit the average molsture
contents obtained from field and laboratory tests respectively. Ag
shown there are 11 cases out of 32 where the average field moisture
content exceeds that determined in the R-Value test. However, this
does not adequately convey the true extent of the dilscrepancies
since higher field moistures in individual tests are not always
raflected by the averages. Therefore column (7) 1s arranged to
indicate the number of tests in each case where the field moisture

.exceeds the laboratory value. Out of 238 tests there are 10l tests,

or nominally L4%, which show higher field molsture contents.

CONCLUSIONS AND RECOMMENDATIONS

From & review of the above data, 1t appears that lowering the

exudation presaure to 300 psi would provide the greatest benefit

to design and testing without seriously limiting the use of untreated
bases or causing excessive cover thickness increases. As illus?rated
in Figures 1 through I the solls which show the largest change 1n
R-Value and a corresponding increase in thickness requirements fall
within the 4O to 60 R-Value range. The materials represented in this
group usually contain & high proportion of silt which has been shown
by other tests to be a ma jor contributor to high resilience 1in goils.
The provision of additional cover over resilient soils in embankment
and subbases is an important step in minimizing high deflections.
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With respect to base materials it again appears that the
greatest benafit can be derived from a change to 300 psi exudation
pressure. Figure ¢ displays the proportion of various base
materials which fall below 78 R-Value when the exudation pressure
is lowered from LOO to 350 and to.300 psi. In the case of UB's it
is noted that reductions to either 350 or 300 psil results in only
a nominal amount of tests falling below 78 R-Value. On the other
hand, the IBM's are more seriously affected particularly with respect
to the 300 psi point. The indications are that the 300 psi will
eliminate a substantial proportion of borderline base materlals.

In general, the over-all reproduclbility of the test and the
correlation of R-Values with road moisture conditions would be
improved by the lowering of the exudation pressure. With some soils,
particularly the silty type, the present interpolation point at 00
psi falls in the region of the curve where the R-Value changes qulte
rapidly with small changes in moisture and llkewise in exudation
pressure. In these cases minor variatlons in the plotting of curves
or reproduction of exudation pressures of'ten causes R-Valuse results
to vary broadly. While a shift to 350 psi will lower the rate of
change of R-Value with respect to exudation pressure somewhat, the
300 psi will more generally place the interpolation point in the
"non-critical® portion of the curve and provide a more realistic
degree of moisture saturation in the test.

In view of the data and observations given in thls report it
appears that the exudation pressure interpolation polnt should be

reduced from 00 psil to 300 psi.
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COMPARISON OF R-VALUES at 400 psi WITH R-VALUES at 300 psi
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DIFFERENCES BETWEEN R-VALUES at 400 & 300 psi
EXUDATION PRESSURE FOR VARIOUS GROUPINGS OF
R-VALUES at 400 psi

BASED ON 1810 TESTS PERFORMED IN 953
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FREQUENCY OF OCCURRENCE & GRAVEL EQUIVALENT CHANGES
FOR DIFFERENCES BETWEEN R-VALUES at 400 & 300 psi
& EXUDATION PRESSURE - 41| to 60 R-VALUE SOILS ONLY
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EXUDATION PRESSURE STUDY
UNTREATED BASES (1955-58)
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EXUDATION PRESSURE STUDY
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PROPORTION OF VARIOUS BASE MATERIALS
FALLING BELOW 78 R-VALUE WHEN EXUD. PR.
IS LOWERED FROM 400 to 350 & 300 psi
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