Flexible Pavement Design in Idaho

L. F. ERICKSON, Materials Engineer, Idaho Department of Highways

This paper reviews flexible pavement design methods used
by the Idaho Department of Highways since soils tests were
begun in 1938. California Bearing Ratio tests were used
prior to World War II, but in 1942 an empirical soil formula
similar to group index was adopted and used until 1950 for
evaluating subgrade soils for flexible pavement design.

The Hveem stabilometer has been used for bituminous
work since 1938, but construction of a kneading compactor
in 1950 materially expedited the work. The paper by
Hveem and Carmany (1) on factors underlying the rational
design of pavements in 1948 led to adoption of resistance
value criteria for the design of flexible pavements.

The paper reviews other criteria considered by Idaho
in the design of flexible pavements. It concludes that
after seven years use of resistance value criteria, this
method is satisfactory and proper utilization of these
data will do much toward reducing the number of sub-
grade, base, and surfacing failures on Idaho roads.

@ THE FIRST ROUTINE use of soil testing by the Idaho Department of Highways was
started in 1938 with emphasis on compaction control. Previous use of soil test data
had been limited to only a few isolated locations where it was evident that unusual con-
ditions existed and further knowledge was desired. A soil survey and soil profile was
made for each project following essentially the procedures set forth in AASHO T 86,
"Surveying and Sampling Soils for Highway Purposes, ' and the soil was classified in
accordance with the Bureau of Public Roads classifications. All test information was
reported to design and construction engineers during this period and they became
fairly familiar with the soil test data and noted some relationships between soil types
and field performance.

During 1940 the laboratory began to evaluate the soil data and to recommend a total
thickness of base and surfacing for use in design. At this time the evaluation was based
almost entirely on the judgment of the evaluator and was seldom supported by informa-
tion from field performance. Nevertheless, these evaluations did much toward making
designers and construction personnel conscious of soil types and characteristics.

In general, the thicknesses proposed by the laboratory were accepted because the
recommendations were for thicker base and subbase courses than had been provided
previously. Some engineers, being familiar with particular local soils and conditions,
were better able to correlate performance with soil types locally and in some instances
increased the thickness above that recommended by the laboratory. A soil survey us-
ing essentially the methods outlined in AASHO T 86 is still in use today, and electrical
resistivity equipment has been used to good advantage since 1956. In 1957, seismic
equipment was purchased as afurtheraidin this work. All essential test data are shown
on the soil profile, together with recommendations for total thickness of the pavement
structure and any needed special treatment of subgrade.

Prior to 1942 the California Bearing Ratio test was made on nearly all soil samples,
compacting the sample under a static load of 2,000 psi. Although it was realized that
this loading did not give a density comparable to that obtained in the test for moisture-
density relationship, it wasbelieved that, after the 4-day soaking period, practically the
same results would be obtained for CBR as those to be expected had comparable densi-
ties been obtained. About 1940, tests such as the centrifuge moisture equivalent,
shrinkage limit, and hydrometer analysis were discontinued as routine tests. A linear
shrinkage test was adopted in lieu of the shrinkage limit, as it was a more expedient test
and measures equivalent properties. 49
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EMPIRICAL SOIL NUMBER

North Dakota, in 1942, published a for-
mula in which a soil number was computed
utilizing the soil test data used to deter-
mine the BPR soil classification. The
so0il number thus obtained was reportedly
correlated with service behavior. But
there were many different opinions re-
garding the thickness of pavement struc-
ture to be provided. Also, to add confu-
sion, there were inconsistencies in the
evaluations from each individual evalua-
tor and these inconsistencies proved to be
embarrassing to the laboratory.

The empirical soil number offered a
solution to this problem, as well as a
means toward obtaining better correlation
with field performance. The North Dako-
ta formula was revised, using only those
tests that were routine in Idaho. The Ida-
ho soil number was correlated with pre-
vious evaluations, which were confirmed
by road performance in local areas. The
formula used in computing the soil num-
ber in Idaho has not been changed since
its inception and is as follows:
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Figure 1. Design pavement thickness chart

based on empirical soil number.

(if less than 50 percent pass, A = 0);
(if less than 30 percent pass, B = 0);
40 .

(if more than 40 percent pass, C = 1);

(if liquid limit less than 15, D = 0);

E = Plasticity index - 5 (if plasticity index less than 5, E = 0);

_ Rose moisture equiv. - 15,
- )
10

F

G = Lineal shrinkage (use nearest whole number); and

_ 130 - weight/ cu ft
3

H

(use maximum dry weight from moisture-density test).

The factor C is used to reduce the numerical value resulting from adverse soils
constants in granular materials in proportion to the amount of material passing the No.

40 sieve.

This is because the more granular material there is in a sample the more

stable the material should be regardless of adverse soil characteristics when considered

as a subgrade material.

The application of this forxgula and the associated design curve was changed in 1950
to give about 25 percent increased total thickness of pavement structure. The greater
thickness provided by this revision was based on results of an investigation of the behav-
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ior of bases and pavements placed just prior to and immediately after World War II.
Both the original (1943) design curve and the 1950 curve are shown in Figure 1. It was
recognized that the amount and type of traffic had a significant part in pavement per-
formance, so a total commercial vehicle traffic count of 150 ADT was selected as the
dividing point for design purposes.

There is a similarity between the Idaho empirical soil number and the group index,
although they give only a general correlation. A comparison made several years ago
indicated that a better correlation resulted when the weight per cubic foot and linear
shrinkage values were omitted from the Idaho formula. These values are believed,
however, to indicate properties that are significant in performance and their use has
been continued in the computation of the Idaho soil number.

ADOPTION OF RESISTANCE VALUE CRITERIA

The California Bearing Ratio test was discontinued after World War II, as it was
then realized that static compaction was unsatisfactory. Impact compaction, although
it improved the test, required more time than permissible due to personnel limitations,
if several specimens were prepared. Design charts proposing pavement thicknesses
from the CBR test data appeared to give excessive thicknesses in the opinion of some
of the engineers and this also discouraged its use.

Idaho had been using the Hveem stabilometer for testing bituminous surfacing for
several years and in 1950 constructed a pneumatically-driven kneading compactor to
be used in preparing specimens of bituminous mixtures for testing. It was soon
learned that the compactor gave entirely different results for stability than did static
compaction. This information was checked by testing unstable mixtures taken from
existing pavements and it was determined that kneading compaction often gave stability
values considerably below those obtained for static compaction on the same mixtures.
Since 1950 there have been numerous occasions for testing stable and unstable bitumi-
nous mixtures from existing pavements and the kneading compactor has permitted the
stabilometer to indicate the difference readily, whereas static compaction has rarely
given the same indication. The criteria in use by the California Highway Department

Figure 2. Air-driven pneumatic compactor.
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Figure 3. Expansion pressure frame (left), Washington visual saturation indicator (cen-
ter), and Hveem stabilometer (right).

for bituminous mixtures were verified in every case investigated. The design proce-
dure outlined by Hveem and Carmany developed considerable interest, and because

of the information obtained from investigating unstable bituminous surfacings it was de-
cided that the stabilometer method should be tried for soil testing. The need for a
strength test was substantiated by the review of pavement performance in 1950, as

many inconsistencies were noted. It was concluded, however, that kneading compac-
tion and the Hveem stabilometer give reliable results when the test is properly conducted
and interpreted.

The Forest Service Laboratory at Arcadia, Calif. had designed and successfully
built an air-driven kneading compactor that was practical. The machine constructed
by Idaho, except for electrie timer and controls, air pressure valve, and air speed
valves, was entirely manufactured in the Idaho highway shops using the double-acting
piston principle of the Forest Service machine. Air was used to operate the turntable,
whereas the Forest Service operated its turntable electrically. Since 1950 Idaho has
constructed three of these machines. The latest (1957) cost less than $800, including
all controls, with shop time charged at the rate of $4. 50 per hour. Figure 2 shows
one of these compactors set up in the soil laboratory. Figure 3 shows the expansion
pressure frame, the Washington visual saturation indicator, and the Hveem stabilome-
ter. Figure 4 is a trace of the foot pressure developed while compacting soil in a nor-
mal manner; that is, at 30 strokes per minute at 250-psi foot pressure. The trace,
obtained by means of SR-4 straingage equipment, indicates that no impact is imparted
to the soil specimen.

Preparation of test specimens is expedited by this method of test. Two men are
able to prepare four soil specimens at varying moisture contents for each of the 25 or
more samples tested each week. One additional man working half-time can increase
this output to nearly 40 samples a week. These men weigh out the material for each
specimen, moisten the sample and permit it to condition overnight, compact the speci-
mens, determine saturation pressure, measure and weight specimens for density,
measure expansion pressure, and compute the resistance value and moisture content of
each specimen. Should any value appear to be inconsistent with the others, a fifth spec-
imen is made and tested. This permits construction of a satisfactory curve for resis-
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tance value versus expansion pressure and resistance value versus saturation pressure.
Bituminous mixtures are tested in another section of the laboratory; if the need should
ever exist, a comparable output could be attained in this section.

DETERMINATION OF RESISTANCE VALUE, EXPANSION PRESSURE, AND
SATURATION PRESSURE

The procedure used for determining the resistance value, saturation pressure, and
expansion pressure follows the procedure developed by California, except that a com-
paction pressure of 250 psi is used. This is the unit pressure specified for sheepsfoot
rollers in the 1950 Idaho specifications. This value was chosen because it was believed
that greater pressures would result in too high densities and thereby possibly produce
higher resistance values than should be depended on in relationship to the densities
specified or attained in construction.

Each specimen is made using material from which material coarser than % in. is
removed and without replacing this oversize with an equal amount of No. 4 to % -in.
material as is advocated in some other tests. Sufficient material is prepared and
moistened to make at least five test specimens of the proper height and weight after
compaction. This material is permitted to condition over night so that all of it has
been permitted to absorb moisture. The moisture content of the material is then de-
termined and sufficient material is weighed out for each specimen.

The first specimen is compacted at the existing moisture content, with the compac-
tor applying a foot pressure of 250 psi for 140 strokes. The specimen is then placed
on the Washington visual saturation indicator and compressed by static loading until
five of the six segments appear wet. The load applied is recorded as the exudation or
saturation pressure. The weight, height, and weight per cubic foot of the specimen
are then determined. The specimen is then set aside and permitted to rebound.

A second sample is then moistened, adding approximately one percent water as in-
dicated by experience, and the foregoing procedure is repeated. All specimens are
permitted to rebound for approximately one hour. They are then placed in the expan-
sion pressure frame and the stand adjusted to apply a surcharge load of about 0.1 psi
to seat the stand. The mold is filled with water to about 1'4 in. above the surface of
the soil and the pressure developed by the soil in endeavoring to expand is determined
after 16 to 18 hr by the deflection measurement of_ the calibrated bar. The specimen is
then pressed from the mold into the Hveem stabilometer and the resistance value is de-
termined by applying a vertical load at a strain rate of 0. 05 in. per minute and reading
lateral pressures for vertical loads of 500, 1,000, 1,500 and 2,000 lIb. The vertical
load is then reduced to 1,000 lb and the lateral pressure is reduced to 5 psi by means
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Figure 4. Foot pressure diagram for compactor.
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of the displacement pump, permitting the vertical load to continue to drop. The dis-
placement pump turns necessary to increase the lateral pressure from 5 psi to 100 psi
are noted and recorded as the displacement. A moisture determination is made of the
material so that the amount absorbed during the expansion pressure test and the mois-
ture content at the time of the R-value test will be known. The resistance value (R val-
ue) is calculated from:

100

R =100 - (2)

2.5
T(Pvph - 1) +1

in which
D = Displacement turns;
Pv = Vertical pressure (160 psi at 2,000 1b); and

Ph = Horizontal or lateral gage pressure for 2,000-1b load.

Resistance values for each specimen are piotted against the corresponding satura-
tion pressures and a smooth curve is drawn through the points. The R value for a sat-
uration pressure of 5,000 lb is taken as the R value of the material, although a greater
or lesser saturation pressure could be used. This is the value used by the California
Department of Highways. Similarly, the expansion pressure is plotted against R values
and the expansion pressure noted where R value and expansion pressure give equal to-
tal pavement thickness for an assumed traffic index of 7 and a 130-pcf unit weight of mater-
ial. These curves are reproduced on the laboratory report (Fig. 5) submitted to de-
signers and field personnel.

Select borrow, select base, and base materials are tested for R value and expansion
pressure as previously outlined whenever the material is plastic or has properties that
may be considered doubtful for quality, such as material subject to degradation. Such
material will degrade in the compactor; therefore, 1,000 strokes at 250 psi have been
applied to deliberately degrade the material before testing it for R value. Although
this does not represent the end product of degradation in the field, it may nevertheless
indicate how seriously the R value is reduced by degradation.

EVALUATING TRAFFIC

A traffic index is computed for each project, using data obtained from reports of the
plamning survey. The estimated traffic data projected for 20 years hence are presented
in a design brochure prepared by the design engineer. This brochure includes essen-
tial information for the facility to be provided, including geometric sections of the high-
way and locations of frontage roads, interchanges, and separations. Until 1957 the
traffic index was computed by the formula presented by Hveem and Carmany (1). A
more recent formula has been developed (it is understood that is is to be included in a
proposed manual of the AASHO Committee on Design), as follows:

1 = 1. 35(Ewr) > 11

in which EWL = 5,000-1b equivalent wheel loads.

Idaho traffic data have been reviewed twice since 1950 and it is noted that the aver-
age axle loadings have increased from slightly less than 12,000 Ibin 1950 to about
14,500 1b in 1956. This increase results in a large increase in the EWL value for the
same number of vehicles. Using available traffic data, the traffic index has been com-
puted for varying numbers of heavy vehicles; that is, vehicles having axle loadings of
more than 10,000 lb. Figure 6 gives the traffic index to be used for these various
groupings of vehicles and a design chart plotting total thickness against R value for
varying traffic index numbers assuming a cohesiometer value of 100 for granular ma-
terial. The total depth of pavement structure to be provided is computed from:

0.095 TI (90 - R)
G @

@)

T=
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in which
T = Total thickness, in inches;
TI = Traffic index;
R = R value; and
C = Cohesiometer value assigned various surfacing materials, i.e., P.C. con-
crete, plantmix, roadmix, cement treated base, etc.

The traffic index is varied from 3 to 11. 5 This provides for roads carrying only a
couple of heavy vehicles per week to a highway that would carry 2,900 or more per day.
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Figure 6.
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The normal variance of the traffic index used in Idaho ranges from 6.0 to 10.0. Values
less than 6 are used for frontage roads not serving heavy vehicles and for some county
roads of extremely light traffic volumes. A traffic index of 3 is used where only passen-
ger car and pickup traffic use the roadway or street. The state has a few roads where
most of the traffic involves heavy vehicles, such as logging trucks or ore trucks, which
are all loaded to maximum legal axle capacity. In one case, approximately 600 ore
trucks daily, each 5-axle and carrying a gross load of 72,000 1b travel one side of a
secondary highway for a distance of about 12 miles from late spring when load limit
restrictions are lifted until the mine is shut down in the winter. Highways carrying
this type of traffic must be given special consideration, bearing in mind the period of
the year when the highway is being used and providing a design adequate for that period.
Idaho has many miles of county highways that serve only limited traffic; some have a
traffic count of less than 50 vehicles per day. Many of these roads are located in remote
areas and although a need does exist for a serviceable road, available funds permit only
a minimum facility. Due to the extremely low traffic volume, many of these roads have
been designed using a traffic index of 5 or 5. 5 and utilizing selected local material to
avoid crushing operations or at least to keep such processing to a minimum.

Reductions in total thickness of pavement structure due to the use of cohesiometer
values for cement-treated base or plantmix have rarely been utilized. This concept is
new to Idaho and although this method of design probably will be adopted, traffic in-
creases in recent years have so far exceeded expectations that there is an inclination
to forego this reduction in thickness as an additional safety factor.

OTHER FACTORS CONSIDERED

Several other factors are considered in the design of flexible pavements. Fine-
grained plastic soils used in the subgrade are covered with a layer of dense-graded
aggregate or sand to prevent intrusion of the soil into the interstices of coarser base
material. Normally this blanket course is about 3 in. thick. For fifteen years, Idaho
has used as a guide criteria that any soil possession more than 70 percent passing the
No. 200 sieve and having a P.I. greater than five and a linear shrinkage greater than
five, should be blanketed with a dense-graded aggregate or sand. These criteria may
be too conservative, but to date it has not been possible to determine better standards.
Generally, where sand and gravel are available a blanket material is not required,
because the soil types in areas containing sand and gravel deposits are generally sandy
in nature and rarely very plastic. Perhaps of greater importance, is the fact that the
sand-gravel deposits generally contain sufficient materials passing the No. 10 and No.
40 sieves to serve adequately as a blanket material. These blanket course materials
are required to have 25 percent passing the No. 10 sieve if ¥ -in. maximum and 20
percent passing the No. 10 sieve if 2-in. maximum. This requirement makes the pro-
duction of stone aggregates costly when this is the only material available for use.

The Idaho standard specifications require that unsuitable material at grade points be
excavated and replaced with approved material, preferably granular in nature. But
there are a variety of opinions as to what constitutes "unsuitable' material. Therefore,
included on the soil profile are notes and limitations of the areas to be excavated, giv-
ing depth of excavation below finished grade. These areas are also shown on the con-
struction plans and whenever practicable the plans provide that the excavated area be
sloped for natural drainage. Close attention tothis detail is worthwhile and avoids sub-
grade trouble in critical areas where failures have so often occurred. Figure 7 is an
artist's sketch illustrating the method of excavating and backfilling.

Where frost is not a problem, a select soil may be used to backfill grade points
deemed necessary to be excavated. Where frost troubles are common, a granular ma-
terial is required even though base must be produced for this purpose. Special atten-
tion is given to all drainage. Depths below subgrade which are commonly excavated and
backfilled vary from 0. 5 ft where frost is no problem to more than 1 ft where frost boils
are common. This practice is not perfect in its application as frost boils do occur at
other locations than grade points.

The practice of excavating grade points is controversial and has been subject to many
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Date STATE OF IDAHO Sheet [/ of [/
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GENERAL REMARKS: This evaluation is based upon the assuamption that the soils evaluated will be used in the top subgrade
layers and that standard drainage and compaction will be provided. The above recommendationa for total thickness are
considered for average climatic comditions, traffic, availability of base and surfacing materials, etc. One amply
designed section over a group of soils is considered good practice for the seke of uniformity of section thickness.

Figure 8. Soil evaluation form.

extremes. Designers in a district having very little difficulty with frost boils may pro-
vide better than 1 ft of subgrade excavation, whereas other districts having a definite
problem may ignore Or only partially accept the criteria because some engineers be-
lieve the boils are impractical of correction. Progress is being made, however, and
with these areas shown on the plans a more effective treatment probably will be obtained.
The subgrade treatments designed recently are much more reasonable than when first
proposed.

STANDARD DESIGNS

Idaho has endeavored to standardize the thicknesses of bituminous surfaces and base
courses as much as possible. The interstate highways are designed to have a future
0. 1-ft course of plantmix with 0. 3 ft in two courses provided in the original construction.
Primary highways will have 0. 3 ft in two courses for roadway widths of 40 and 44 ft,
and 0. 2 ft in one course for roadways 34 ft wide. Secondary roads will be given 0. 2 ft
of bituminous surfacing of either plantmix or roadmix, depending on the traffic count.
All bituminous pavements are constructed full width from shoulder to shoulder.

Base courses immediately below the bituminous surfacing will consist of 0. 4 ft of
Y4 -in, maximum base in two courses for the wider roads, and 0.3 ft in a single course
for the 24- and 28-ft roadbeds. Other subbase and base courses needed will be governed
by the total thickness to be provided and whenever possible will be of pit run material
but having characteristics very similar to the high-type base material for plastic in-
dex and sand equivalent. An endeavor is made to always provide a free-draining ma-
terial in the base courses, including any select materials used. The base courses are
also constructed full width. I the select material or base possesses any plasticity, R-
value determinations are made to determine the suitability for use. The adoption of
the sand equivalent test in the Idaho specifications in 1956 has aided materially in pro-
viding apparently free-draining material.
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An example of the soil evaluation presently furnished the Design Engineer is shown
in Figure 8. This evaluation sheet includes the group index number as a part of the
soil classification by noting it in parentheses. The empirical soil number is reported,
as well as R value and expansion pressure. A total thickness of pavement structure
is recommended for the traffic index shown at the head of the sheet and is generally
based on R value or expansion pressure. However, if the soil number gives a greater
total thickness for an area subject to frost damage, the greater thickness is used.

The design engineers and district materials engineers are getting together and establish-
ing the thickness to be provided for frontage roads, ramps to interchanges, and separ-
ation structures. This information is included in the project soil report, which covers
the soil survey, soil profile, sub-subgrade treatments, and total flexible pavement de-
sign thickness for the project.

EVALUATION OF DESIGN PROCEDURES

Idaho has been using R value as one basis of design since 1950 and has been using the
Hveem stabilometer for determining the stability of bituminous mixtures since 1938.
Without the kneading compactor, however, the results obtained in stability tests and
R-value tests in all probability are misleading. The combination of the compactor and
the stabilometer makes a most useful and rapid instrument for testing all material used
in the construction of a pavement structure from the subgrade up to and including the
bituminous surfacing. Much greater confidence is now placed in the R-value method of
design rather than on the empirical soil number. The resistance value test is considered
no more subject to experimental error than CBR. It is sufficiently rapid to permit at
least four values to be determined for each soil sample, permitting the selection of
an R value from a curve rather than from a single determination. 1t is felt that this
test and the method of application will do much toward reducing the number of failures
of subgrade, base, and surfacing on Idaho roads.

An attempt is now being made to measure the permeability of granular soils when
testing for expansion pressure. The rate of flow through the sample is a variable and
by means of measuring time and drop in the water level within the mold, a value for
permeability can be computed. This value may not be as accurate as desired, but does
appear to indicate the permeability within a reasonable range. It has been found that
some A-3 soils have very low permeability, whereas permeabilities in apparently
dense-graded material have been very rapid. Not many data are available as yet, but
this test is being conducted on any soil considered possibly permeable, as well as on
all select borrow and base materials tested for R value.
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