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DEFINITIONS

Foamed Asphalt - Hot asphalt cement brought to a foamed state
in a foaming chamber by addition of small amounts of cold water
(1.0 to 2.0 percent) to the asphalt cement.

Foamed Asphalt Mix - A paving mix of unheated, damp aggregate
and foamed asphalt cement which is mixed and placed at ambient
temperatures.

Hot Mix - A paving mix of hot, dry aggregate and hot asphalt
cement which is mixed and placed hot.

Cutback Mix - A paving mix of unheated aggregate and diluted
asphalt cement which is diluted with a diluent, mixed and placed
at ambient temperatures.

Emulsion Mix - A paving mix of unheated, wet aggregate and emulsified
asphalt cement that is mixed and placed at ambient temperatures.

Strength Coefficient - A number representing the relative strength
of a material used as part of a pavement structure.

Stabilometer R Value (stability) - A numerical value expressing
the measure of the ability of an aggregate or asphalt mix to
resist the transmission of vertical load in a lateral or horizontal
direction.

Modulus - Load per unit area (stress) divided by deformation
per unit length (strain). Measures the stiffness of the paving
material.

Immersion-Compression - A test to determine the moisture
susceptibility of asphalt paving mixes. The index of retained
strength which results from this test is the ratio of unconfined
compressive strength of laboratory molded mix specimens with
and without water immersion for a specified time.

Freeze-Thaw Conditioning - A test to determine the long range
moisture susceptibility of asphalt mixes. Mix specimens are
vacuum saturated, frozen, then immersed in warm water. This
specimen is compared to an unconditioned specimen to determine
the retained strength.

Dynaflect - A device which applies a known dynamic load to a
pavement and measures the resulting deflection basin.



INTRODUCTION

In the 1950's Professor Csanyi of Iowa State University developed
the process of foaming asphalt cement using steam. Mobil of
Australia aquired the patent rights to the Csanyi process in
1968 and two years later developed a new process using, cold
water instead of steam to foam the asphalt. Foamed asphalt
mix has been used extensively in Australia and is currently
in use or under evaluation in many other countries around the
world.

Foamed asphalt is produced by introducing one to two percent
water into hot asphalt cement. The water turns to steam and
foams the asphalt. The foam is produced in a foaming chamber
and sprayed through special nozzles into a pugmill type mixing
chamber where it is mixed with wet cold aggregate. The foamed
asphalt paving mixture looks like untreated, damp aggregate
before and after placement. Darkening occurs as the mat cures
by the loss of moisture (see Figures 1 and 2). The foamed mix
is considered cured when 50% of the aggregate moisture has
evaporated. The mix can be placed and compacted with conventional
construction equipment.

Foamed asphalt mix can be used to affectively stabilize roadway
bases. The foamed asphalt process is relatively simple and
does not require major investment in new equipment. The process
is ecologically desirable because of lower energy use and the
economical use of marginal aggregates (see Figures 3 and 4).

EXPERIMENTAL PROCEDURE

This study was designed to be completed in two phases. The
first phase was the laboratory work to establish a design procedure,
strength coefficients, and construction specifications for foamed
asphalt mixes. The second phase was to construct field projects
using foamed asphalt with local materials and evaluating their
performance in the environment found in Colorado.

LABORATORY STUDY

Laboratory tests were conducted on a variety of aggregates combined
with asphalt cements having different viscosities. The laboratory
foaming device was built by Conoco Inc. The equipment is shown
in Figures 5 and 6.

Preliminary tests were conducted to help determine which soils
to include in the testing along with a range of aggregates.
Soils ranging from a A-2-4(0) to a A-T7-6 were mixed with foamed
asphalt and compacted into specimens. Tests were conducted
on these specimens to determine their strength and moisture
susceptibility. Soils with high plasticity index (P.I.) were
difficult to mix with foamed asphalt. Soils with medium P.I. would
mix well, but showed high moisture susceptibility. It was decided
to include only a good A-2-4 in the laboratory study.



Figure 1

Foamed asphalt mix looks 1ike untreated damp aggregate after placement.
In the picture below, the presence of asphalt cement was demonstrated by

heating a small section with a weedburner to drive off water.

Figure 2

This cured specimen compacted from foamed mix shows the lack of coating
of larger aggregate characteristic of foamed mixes.




Figure 3
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Aggregate Preparation For Foam Mix

The aggregate sample was prepared by adding the desired amount
of moisture prior to the introduction of the foamed asphalt.
The amount of moisture in the aggregate can affect the quality
of the foamed asphalt mixture. The desired moisture is usually
2 to 5 percent below optimum (AASHTO T99).

MIXING FOAMED ASPHALT WITH AGGREGATE

The foamed asphalt was mixed with the aggregate in a two gallon
bowl in a Hobart kitchen mixer. The aggregate was mixed while
the foamed asphalt was being introduced. Mixing was continued
for two minutes. The test specimen were normally molded right
after mixing.

Four types of aggregates which varied in quality from very good
tc poor were used in the study. The best aggregate was a Colorado
grading "E"., This is a 3/4 inch size graded, hard, crushed
aggregate. This gradation is used extensively for high quality
hot bituminous pavement. In a large portion of eastern Colorado
grading "E" aggregates are not available locally. The grading
"F" aggregates used in their place have less large rock and
very few fractured faces. Grading "F" mixes usually have lower
stabilities for these reasons. The grading "Good F" represents
material that has been used successfully in northeastern Colorado
for hot bituminous pavement. The grading "Poor F" represents
material in southeastern Colorado and has been used with varied
success. Although this material is not as good an aggregate
it is often the only economically available material. The A-2-4
scil=aggregate represents material with a good potential for
use as a stabilized base when mixed with foamed asphalt (see
Figures T and 8).

FCAMING ADEQUACY

The foam factor is a measure of the relative increase in volume
of the asphalt cement. It is the ratio of foam volume to the
volume of the asphalt cement before foaming.

The testing consisted of foaming various grades of asphalt cements
from different sources, with and without anti-foaming agents
(silicone), and with and without anti-stripping additives.
Figure 7 shows typical values for Conoco asphalt cement.

The asphalt cement used in the foamed asphalt mixture had the
following test results:

AC-5
Viscosity at 140°F 480 poises
Viscosity at 275°F 210 centistokes
Penetration at T7T7op 180 mm



Figure 7
GRADATION CHART OF AGGREGATE TESTED
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AC-10

AC-20

In genera
the follow

Viscosity at 140CF 1020 poises
Viscosity at 275°F 285 centistokes
Penetration at T77°F 108 mm
Viscosity at 140°F 1890 poises
Viscosity at 275°F 380 centistokes
Penetration at T77C°F U mm

1, the information contained in Figure 9 indicates
ing:

The quality of foam obtained from asphalt cement with
silicone did not appear to be satisfactory.

The lower viscosity asphalt cements foamed better
than the high viscosity asphalt cements.

Anti-stripping additives increased the foam factor,
however, the increase appeared to be temporary, probably
because the heat tends to destroy most of the affect
of anti-stripping agents.

Asphalt cements at temperatures below 300°F (149°C)

did n

CALCULATIO

ot foam satisfactorily in the laboratory foamer.

N OF STRENGTH COEFFICIENT

Strength
mixes on t

1.

coefficients were calculated for the foamed asphalt
he basis of the following principles.

For a given mix, fatigue 1life 1is reduced
with increased tensile strain at the bottom
of the pavement layer. (Fatigue life is
the number of loadings to failure by fatigue
cracking.)

Fatigue life is reduced for stiffer mixes
(higher modulus) with the same tensile strain.

Fatigue life is reduced as the percent of air voids
increases either from reduced asphalt content or reduced
densification or a combination of these.

For a multilayer system, under a known circular load,
stresses and strains throughout the system can be
calculated from the moduli of the layers. A highway
under a loaded tire approximates this type of system.
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This calculation was accomplished with the Chevron
n- layer computer program.

For this calculation of strength coefficients, it is assumed
that pavement layers are equivalent if their fatigue lives are
the same. The above principles are used to calculate the thickness
of foamed asphalt pavement equivalent to a 4 inch layer of hot
bituminous pavement (HBP). The strength coefficient of the
foamed asphalt pavement is calculated by dividing the strength
coefficient of the Hot Bituminous Pavement (0.44) by the ratio
of the layer thicknesses. For example if 8 inches of a foamed
asphalt pavement was equivalent to 4 inches of HBP the strength
coefficient of the foamed asphalt pavement would be 0.44 - 2
or 0.22.

Calculation of equivalent layer thickness proceeds
as follows. The modulus of the HBP and the foamed asphalt are
measured using a device which applies a vertical load and measures
horizontal extension of a compacted specimen. These moduli
are used with the Chevron n- layer computer program to calculate
the tensile strain at the bottom of the pavement layer for 4
inches of HBP and several assumed thicknesses of foamed asphalt
pavement. The fatigue lives for these pavements are found by
entering charts in "Thickness Design Procedure for Asphalt and
Emulsified Asphalt Mixes"9 with the tensile strain and modulus.
These fatigue lives are corrected for air void and asphalt cement
content using an equation in the same reference. The thickness
of foamed asphalt pavement with the same corrected fatigue life
as the Y4 inch HBP is chosen as equivalent to this HBP layer.
The strength coefficient of the foamed asphalt is found by dividing
the strength coefficient of the HBP by the ratio of the thicknesses.

DISCUSSION OF RESULTS

Test results for foamed asphalt mixes and hot mixes are compared
in Appendix A. In most cases the foamed asphalt mixes show
higher stability and modulus values than the hot mixes when
samples are cured the same way. However, the foamed asphalt
mix is much more susceptible to water damage. In most cases
the foamed asphalt specimens either fell apart or were too damaged
to be tested when subjected to the immersion-compression test
or the freeze-thaw test. The immersion-compression test and
the freeze-thaw test were developed for hot mixes and do not
appear to be appropriate for foamed asphalt mixes. A less severe
moisture susceptibility test may have to be developed for relative
rating of foamed asphalt mixes.

The asphalt cement proposed for use should be tested for its
foaming characteristics before any mixes are produced. Many
factors affect the quality and quantity of the foam produced.
The source, viscosity, additives, and temperature of the asphalt
cement can all affect the foaming characteristics. The temperature
of the asphalt cement has to be at least 300°F (149°C) to produce
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acceptable foam. Low viscosity asphalt cement usually foams
better than high viscosity asphalt cement. Anti-foaming agents
(silicone) added by some manufacturers to the asphalt cement
can be a problem.

Mixes of so0il and foamed asphalt may have a great potential
for foamed asphalt base stabilization. The soil-aggregate included
this study was a good A-2-4(o) (AASHTO Designation). Plastic
soils might be improved by addition of small amounts of additives,
such as hydrated lime (1 to 2 percent), added to the soil before
mixing with the foam.

Foamed asphalt stabilization appears to be well suited for finer
grained aeolian sand aggregates like those found in Eastern
Colorado. In Metropolitan areas where aggregates are mined
on a commercial basis, stockpiles of reject materials have been
developed over the years. These stockpiles also appear to be
well suited for foamed asphalt stabilization.

Foamed asphalt mixes using well graded good quality aggregates
may not be economically Jjustified. Indications are that hot
mixes made by using good quality aggregates are significantly
better than the foamed asphalt mixes.

Table 12 shows strength coefficients for materials used in pavement
design in Colorado. The proposed values for foamed asphalt
base have been included in this table. Table 11 shows strength
coefficients calculated for the materials used in this study.
The foamed asphalt mix using grading "E" aggregates had a strength
coefficient of 0.27. This is not as good as the 0.44 obtained
for the hot mix, but is considerably better than the 0.14 which
would be obtained for the untreated aggregates. A strength
coefficient of 0.25 was calculated, for the foamed mix with
the grading F (good) aggregate. This is lower than the 0.34
obtained for the hot mix but better than the 0.12 for the untreated
aggregate. The strength coefficient for the grading "F" (poor)
hot mix was 0.25 and for the foamed asphalt mix 0.13. Even
though the strength coefficient for the foamed asphalt mix was
low (.13) it was apparent that the untreated material had been
significantly improved. The foamed asphalt appeared to perform
well with the soil-aggregate., The 0.34 obtained with the foamed
asphalt was the same as the hot mix strength coefficient. The
test results obtained on the soil for both the hot mix and the
foam mix were higher than expected.

FIELD USE OF FOAMED ASPHALT IN COLORADO

Three projects using foamed asphalt were monitored as a part
of this research effort. The following describes these projects
and lists test results obtained.

11



Parker Road

A foamed asphalt stabilized base test section was placed at
Parker Road on August 21, 1980. The test section is 800 feet
long, 24 feet wide and 9" design thickness. This section extends
under the driving lane and shoulder on the east side of the
road about 200 feet northwest of the Florida Ave. intersection.
The balance of the project had a 6" thick hot mix base. Both
the foamed and hot mix bases were topped by a 3" high type hot
mix surface course.

A plant was set up near the project for production of foamed
asphalt mix. The material stabilized was a silty sand taken
from the job site. A conventional pugmill which had been modified
by adding a foam producing spray bar was used to produce the
mix (see Figure 10).

A total of 720 tons of foamed asphalt base was placed with 4.56%
foamed AC-10. Placement was in two 1lifts using a paver. Each
lift was compacted by 3 passes of a steel wheeled roller. Production
and placement went smoothly. Mix design tests were conducted
using a sample of the soil mixed with foamed asphalt produced
by the laboratory foamer. These tests were also run on samples
of the foamed asphalt base produced in the field.

Dynaflect tests were conducted to establish the relative strength
of the foamed asphalt base. Before the 3" overlay was placed
tests were conducted weekly on the test section to establish
the effect of curing. The 6" plant mixed bituminous base (PMBB)
and subgrade have also been tested for comparison. After the
3" high type hot mix surface course was placed, testing continued
over the foamed asphalt base and over the PMBB with the Dynaflect
for two years to establish trends (see Figure 11).

Table A includes results from tests conducted on the material
stabilized and Dynaflect testing.

Pueblo West

Foamed asphalt was used in construction of residential streets
in Pueblo West Metropolitan District in 1980 and 1981. The
first aggregate used was a silty to clayey sand obtained from
a pit within the District. Variability and the presence of
clay caused problems so the source of aggregate was changed.
Reject fines from a nearly aggregate supplier were used for
the balance of the foamed mix. This material was more uniform
and essentially free of clay. Mix was produced in a Calenco
Porta-Pugg which had been modified by adding a foam producing
spray bar (see Figure 12). Binder was approximately 5% AC 10.

A blade and a paver were used at different times for placement
of the mix. Both steel-wheeled and rubber tired rollers were
used to obtain compaction. In most cases 5" of foamed mix was
placed.

12



Table A - Field Project Data

Parker Road
Aggregate Dynaflect Results
Gradation
Sieve |#Passing Date Foamed PMBB Subgrade
y 100 8-22-80 “1.44
10 99 8-29-80 1.54
4o 66 9-5-80 1.52 1.55 1.84
50 48 9-12-80 1.53
100 25 10-14-80% | 1.36 1.05
200 16 6-10-81 1.09 .91
12-4-81 1.23 .93
6-8-82 1.19 1.06
* After surfacing
Pueblo West
Dynaflect Results
Date 1 2 3 b 5 6
11-6-80 1.1 1.01 1.43 1.05 2.07
6-9-81 1.25 .94 .96 1.52 1.18
11-13-81 .99 1.48 1.49 1.97 1.63
6-9-82 .85 | 1.39 | 1.35 | 2.03 | 1.47
County Road Q in Morgan County
Aggregate Dynaflect Results
Gradation
Sieve |%Passing Date Stage Deflection
16 100 10-8-80 Before Foamed 1.74
50 51 10-23-80 After Foamed 1.71
100 31 5-1-81 After Chipseal 1.35
200 4.5 11-24-81 After 2" QOverlay | 1.47
6-10-82 1.24

13



Figure 10

A foam producing sBra baerag added to a conventional pugmill for foamed
arker Road.

mix production at

Figure 11

Dynaflect tests were conducted on the three projects monitored to establish
trends in strength.
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Figure 12

A Calenco Porta-Pugg which had been modified by adding a foam producing
spraybar was used at Pueblo West and County Road Q in Morgan County to
produce foamed mix.

Figure 13

At County Road Q in Morgan County a conventional paver was used for place-
ment.,
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Six test sections were established to facilitate follow-up testing
using a Dynaflect. The following is description of what occurred
at each test section. Dynaflect results are shown in Table
AI

Test Section 1 - This was on the pit haul road which was placed
in the summer of 1980. The material stabilized contained oversize
up to 4", This road was not sealed.

Test Section 2, 3 and 4 - These were located on residential
streets within the District. The material stabilized was screened
on a 3/4" grizzly to remove oversize. These sections were placed
in the fall of 1980 and sealed with approximately .1 gal.
1/sq. yd. of emulsion ) CSS 1 with 50% residual asphalt cement).
Subgrade on Section 2 was bladed to grade but not compacted.
On sections 3 and 4 the subgrade was scarified and compacted
to 95% of modified proctor density. All of these sections were
sealed with a slurry seal in 1981.

Test Section 5 This test section was on an unpaved residential
street chosen to serve as a control. This street approximates
the condition of the streets represented by test sections 2,
3 and 4 before any work was done.

Test Section 6 - This test section was on the north side of
the fire station where the fire trucks enter and leave. Construction
of this pavement was similar to that of Sections 2, 3 and 4
except that 8% AC 10 was used and no slurry seal was applied.

County Road Q in Morgan County

In mid-October, 1980, foamed asphalt paving began on County
Road Q in Morgan County. Foamed asphalt mix was produced by
a Calenco mixer which combines a conveyor scale and a small
pugmill. A foam-producing spraybar had been added to the pugmill.
Placement began using end damp trucks for hauling and blade
for spreading. It proved difficult to spread the large piles
with a blade, so a lay down machine was used for the balance
of the job (see Figure 13).

The Barber Green paver was less than half the width of the road,
so each side was placed using the lay down machine, then the
center was blade laid. A steel wheeled roller caused shoving,
so compaction was achieved using a rubber tire roller only.

Much of the asphalt cement was concentrated in small asphalt
balls and was not dispersed. Shoving and raveling of the compacted
mat indicated that the mix lacked cohesion. This may have been
the result of a lack of fines. Additional fines were added
in an attempt to solve these problems. However, the added fines
were not mixed in well, and tended to collect most of asphalt
cement resulting in very non-uniform mix. For this reason,
addition of fines was discontinued.

16



To seal the surface and reduce raveling a medium cure cut back

asphalt prime was applied. Before the prime was applied, some
sections of the cured mat were worked with a blade to improve
the cross section. The reworked sections did not hold. The
whole 1.5 mile job was chip sealed two months after priming.
The reworked sections failed again and some repair work was
done. Finally in the summer of 1981 a 2" hot mix overlay was
placed over the entire project.

Table A includes results from the sieve analysis on the material
stabilized and from Dynaflect testing.

CONCLUSIONS

Foamed asphalt can be used to effectively stabilize roadway
bases. Foamed asphalt bases construction is a viable alternate
to plant mix bituminous base and emulsified asphalt treated
base. The foamed asphalt process is relatively simple and does
not require major investments in new equipment. The process
is ecologically desirable, because of the lower energy use and
the economical use of marginal aggregates. Binder costs are
not increased by diluents and additional manufacturing costs.
Transportation costs should be less. No diluents as in cut
backs, or water in emulsions, have to be hauled from the source
to the mixing plant. The foamed asphalt mix can be compacted
immediately after lay down. Traffic can use the roadway after
compaction is completed. The mix can be stockpiled and placed
at later date. The mix is not subject to leaching of the binder
by rain. Placed mix can be reworked, if desired, for several
days. Based on this study, foamed asphalt mixes do not appear
suitable for wearing courses, since the lack of coating of the
aggregates would probably cause raveling of the surface.

Any asphalt cement intended for foaming should be checked for
adequacy of foaming. More research needs to be performed to
study the moisture susceptibility of the mix.

Strength coefficients were estimated for the foam mixes tested.
These coefficients ranged from 0.12 to 0.34.

IMPLEMENTATION

The strength coefficient table in the Colorado Highway Department
Roadway Design Manual has been modified to include Foamed Asphalt
Treated Base Course. Example specifications are available covering
project use of foamed asphalt. Both the table and specifications

are in Appendix B.
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Date
Type of Aggregate
Type of Asphalt Cement
Type of Cure
Asphalt Content, (%Z Total Mix)
Percent Voids
Percent Moisture
Stabilometer "S" Value
Cohesiometer
Modulus X 1000
Before Cure
After Cure
Moisture Susceptibility Test
Modulus X 1000
Retained Strength
Unconfined Compression Strength
Wet, psi
Dry, psi
Index of Retained Strength

TABLE 1 TEST RESULTS
HOT MIX
7-18-78
Grading E
AC-10
140°F
4 5 6
10.6 7.0 4.0
44 40 41
131 157 149
327 405 341
351 318 291
9 16 49

20

FOAMED ASPHALT MIX

3
16.7

3.7

64

245

824

7-18-78
Grading E
AC-10

3 days at 140°F

4
13,6
2,6

600

5
13.0

2,6
48

147

660



Date
Type of Aggregate
Type of Asphalt Cement
Type of Cure
Asphalt Content, (% Total Mix)
Percent Voids
Percent Moisture
Stabilometer "S" Value
Cohesiometer
Modulus X 1000
Before Cure
After Cure
Moisture Susceptibility Test
Modulus X 1000
Retained Strength
Unconfined Compression Strength
Wet, psi
Dry, psi
Index of Retained Strength

TABLE 2 TEST RESULTS

10.6

131

327

351

HOT MIX

7-18-78
Grading E
AC-10
140°F

"

5
7.0
0
40
157

405

318
16

149

341

291
49

5.9

295
399
75

FOAMED ASPHALT MIX

7-18-78
Grading E
AC-10
3 days at room temperature
3 4 5
16.1 13,6 10.5
3.7 2.6 2.6
51
156
31 25 41
1716 935 524

Samples collapsed



Date
Type of Aggregate
Type of Asphalt Cement
Type of Cure
Asphalt Content, (% Total Mix)
Percent Voids
Percent Moisture
Stabilometer "S" Value
Cohesiometer
Modulus X 1000
Before Cure
After Cure
Moisture Susceptibility Test
Modulus X 1000
Retained Strength, %
Unconfined Compression Strength
Wet, psi
Dry, psi
Index of Retained Strength

TABLE 3 TEST RESULTS

HOT MIX
7-18-78
Grading '""Good F"
AC-10
140°F
4.5 5,5 6.5
10.5 8.2 5.7
39 40 32
132 137 150
338 356 387
331 336 337

10

22

FOAMED ASPHALT MIX

7-25-78
Grading '""Good F"
AC-10
3 days at 140°F
3 4 5
13.5 11.0 9,7
4.8 4,8 4,7
48
187
53
1370 780 414

Samples collapsed

417



Date
Type of Aggregate
Type of Asphalt Cement
Type of Cure
Asphalt Content, (% Total Mix)
Percent Voids
Percent Moisture
Stabilometer "S" Value
Cohesiometer
Modulus X 1000, psi
Before Cure
After Cure
Moisture Susceptibility Test
Modulus X 1000, psi
Retained Strength, %
Unconfined Compression Strength
Wet, psi
Dry, psi
Index of Retained Strength,

TABLE 4 TEST RESULTS

HOT MIX
7-18-78
Grading '"Good F"'
AC-10
140°F
4,5 5.5 6.5
10.5 8.2 5.7
39 40 32
132 137 150
338 356 387
331 336 337
10
193
356
% 54

23

FOAMED ASPHALT MIX

7-21-78
Grading "Good F"
AC-5
3 days at room temperature

3 o+ 5
13.0 9.6 9.1
4.8 4.8 4.7
58 34
235 128
38 51 35
600 540 312

Sample collapsed



TABLE 5

Date
Type of Aggregate
Type of Asphalt Cement
Type of Cure
Asphalt Content, (% Total Mix)
Percent Voids
Percent Moisture
Stabilometer "S" Value
Cohesiometer
Modulus X 1000
Before Cure
After Cure
Moisture Susceptibility Test
Modulus X 1000
Retained Strength
Unconfined Compression Strength
Wet, psi
Dry, psi
Index of Retained Strength

TEST RESULTS
HOT MIX FOAMED ASPHALT MIX
7-18-78 7-28-78
Grading "Poor F" Grading '"Poor F"'
AC-10 AC-20
140°F 3 days at room temperature
4 5 6 3 4 5
115 15,1 12.8 18.1 15.7 14.0
- - - 3.7 3.6 3.4
27 27 28 40
47 50 53 146
12 24
114 106 133 354 255 231
60
144
42

24



TABLE 6

Date
Type of Aggregate
Type of Asphalt Cement
Type of Cure
Asphalt Content, (% Total Mix)
Percent Voids
Percent Moisture
Stabilometer "S" Value
Cohesiometer
Modulus X 1000
Before Cure
After Cure
Moisture Susceptibility Test
Modulus X 1000
Retained Strength
Unconfined Compression Strength
Wet, psi
Dry, psi
Index of Retained Strength

TEST RESULTS

HOT MIX

7-18-78

Grading ""Poor F"

&4
17.5

27
47

114

25

AC-10
140°F
5

15.1

27
50

106

60

144
42

6
12.8

28
53

133

FOAMED ASPHALT MIX

7-31-78
Grading "Poor F"
AC-20
3 days at 140°F
3 4 5
18.7 16.5 14,1
3.7 3.6 3.4
40 38
151 140
518 525 277

Samples collapsed

295



Date
Type of Aggregate
Type of Asphalt Cement
Type of Cure
Asphalt Content, (% Total Mix)
Percent Voids
Percent Moisture
Stabilometer "S" Value
Cohesiometer
Modulus X 1000
Before Cure
After Cure
Moisture Susceptibility Test
Modulus X 1000
Retained Strength
Unconfined Compression Strength
Wet, psi
Dry, psi
Index of Retained Strength

TABLE 7 TEST RESULTS

4
17.5

27
47

114

HOT MIX
7-18-78
Grading "Poor F"
AC-10
140°F
5 6
15.1 12,8
27 28
50 53
106 133
60
144
42

26

FOAMED ASPHALT MIX

7-21-78
Grading "Poor F"
AC-10
3 days at 140°F
3 4 5
19.0 16.6
3.3 3.2
41
138
461 525

Samples collapsed

235



TABLE 8 TEST RESULTS

HOT MIX FOAMED ASPHALT MIX

Date 7-18-78 7-18-78
Type of Aggregate Grading '"Poor F" Grading '""Poor F"
Type of Asphalt Cement AC-10 AC-10
Type of Cure 140°F 3 days at room temperature
Asphalt Content, (% Total Mix) 4 5 6 3 4 5
Percent Voids 17.5 15.1 12.8 19.4 16.0 14.4
Percent Moisture - - - 3.3 3.2 2.9
Stabilometer "S" Value 27 27 28 41
Cohesiometer 47 50 53 129
Modulus X 1000

Before Cure 14 26

After Cure 114 106 133 388 327 228
Moisture Susceptibility Test

Modulus X 1000 Samples collapsed

Retained Strength
Unconfined Compression Strength

Wet, psi 60

Dry, psi 144

Index of Retained Strength 42

27



TABLE 9

Date
Type of Aggregate
Type of Asphalt Cement
Type of Cure
Asphalt Content, (% Total Mix)
Percent Voids
Percent Moisture
Stabilometer "S" Value
Cohesiometer
Modulus X 1000
Before Cure
After Cure
Moisture Susceptibility Test
Modulus X 1000
Retained Strength
Unconfined Compression Strength
Wet, psi
Dry, psi
Index of Retained Strength

TEST RESULTS
HOT MIX
7-19-78

Soil (A-2-4)
AC-10
140°F

4 5
25,7 19,7
38 34
236 212
282 301
12
378
3

28

6
17.3

-

37
221

308

FOAMED ASPHALT MIX

3
12.8
7.7

2367

7-24-78
Soil (A-2-4)
AC-5
3 days at 140°F

4 5
10.7 10.1
6.6 6.6
74
640

2179 1555

Samples collapsed

425



TABLE 10

Date
Type of Aggregate
Type of Asphalt Cement
Type of Cure
Asphalt Content, (% Total Mix)
Percent Voids
Percent Moisture
Stabilometer "S" Value
Cohesiometer
Modulus X 1000
Before Cure
After Cure
Moisture Susceptibility Test
Modulus X 1000
Retained Strength
Unconfined Compression Strength
Wet, psi
Dry, psi
Index of Retained Strength

TEST RESULTS

4
21.7

38
236

282

HOT MIX FOAMED ASPHALT MIX
7-19-78 7-21-78
Soil (A-2-4) Soil (A-2-4)
AC-10 AC-5
140°F 3 days at room temperature
5 6 3 4 5
19.7 17.3 12,9 11.1 10,2
- = 7'7 6.6 6-6
34 37 74 59
216 221 640 640
154 197 148
301 308 640 890 773
Samples collapsed
12
378
3

29



TYPE OF AGGREGATE

Grading E

Grading F (Good)

Grading F (Poor)

Soil (A-2-4(0))

TABLE 11 STRENGTH COEFFICIENTS

Summary of strength coefficients on
aggregates used in this study.

HOT MIX

30

0.44

0.34

0.25

0.34

STRENGTH COEFFICIENT

FOAM MIX

0.27

0.25

0.13

0.34

UNTREATED

0.14

0.12

0.10



APPENDIX B
PROPOSED SPECIFICATIONS AND
STRENGTH COEFFICIENT CHART
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PROPOSED SPECIFICATIONS
SECTION 302

FOAMED ASPHALT TREATED BASE

DESCRIPTION

302.01 This work shall consist of aggregate and bituminous material mixed in
a central plant, spread and compacted on a prepared surface in accordance with
these specifications and in reasonable close conformity with the 1lines,
grades, thicknesses and typical cross sections shown on the plans or estab-
lished. L

MATERYALS

302.02 Composition of Mixtures.

" The treated base shall be composed of a mixture of aggregate, water if
required, and foamed asphalt. The percentage of foamed asphalt in the
produced uixture shall be within #0.3 percent of that stecified, hy weight of
dry aggregate, on a daily yield basis. Asphalt shall meet the applicable
requirements of section 700 for the type specified.

Aggrégates shall. meet the requirements of subsection 703.03 for the
class specified. The aggregate will be accepted immediately preceding
addition of foamed asphalt to the mix. '

Foamed Asphalt shall consist of hot asphalt cement of the grade specified
to which approximately 1% percent ambient temperature water has added in a
foaming chamber of an approved type. Asphalt shall be between 325F and 360F,
or as directed at the time of introduction.of water. The foaming shall take
place immediately before spraying into the pugmill. Proper control techniques
shall be used by the contractor to assure adequacy of the foaming process.
Should inadequate foam be developed, the work shall be suspended until
necessary corrections are made.

CONSTRUCTION REQUIREMENTS

302.03 Weather Limitations.

Foamed asphalt treated base shall be placed only on accepted subgrade or
subbase. Aggregate and air temperature shall be at least 50°F unless
otherwise permitted. Ice or frozen lumps of aggregate will not be permitted
in the mixing operation.

302.04 Mixing and Placing.

Mixing plants shall be equipped with suitable pumps, proportioning
devices, metering, or weighing devices and all equipmert necessary to produce
foamed asphalt and to mix it thoroughly with the aggregate.

32
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Water shall be added to the aggregate as directed, sufficiently in
advance of the introduction of the foamed asphalt to insure uniform dispersion
of the water. ‘

Aggregates with moisture contents in excess of that necessary for proper
mixing and compaction shall be allowed to drain before use. Stockpiling or
other approved methods of reducing the moisture content of the aggregate will
be permitted.

The prepared aggregates and foamed asphalt shall be combined in the
mixing plant in the specified proportions. The aggregate and foamed asphalt
shall be mixed thoroughly. Provisions for varying the mixing time shall be
available.

The mixture shall be laid upon an approved surface, spread and struck off
to the grade and elevation established. Bituminous pav: cs shall be used to
place the mixture on the roadway. :

On areas where irregularities or unavoidable obstacles make the use of
mechanical spreading and finishing equipment impracticable, the mixture shall
be spread, raked and luted by hand tools. For such areas the mixture shall be
dumped, spread and screeded to give the required cowmpacted thickn=zss.

302.05 ° Compaction, -

Compaction of the foamed asphalt treated base shall commence immediately
after it has been placed on the roadway, unless otherwise directed. Compac-
tion shall continue until' a minimum density of 93 percent of a laboratory
specimen made in the proportions of the job-mix formula has been obtained.

METHOD OF MEASUREMENT
302.06 Foamed asphalt treated base will be measured by the ton.

Weight of water and asphalt will not be deducted from the scale weight of
the mixture as it leaves the plant. Asphalt Cement and water will not be
measured and paid for separately but shall be included in the work.

BASIS OF PAYMENT

302.07 The accepted quantities of Foamed Asphalt Treated Base, of the class
specified, will be paid for at the contract price per ton.

Payment will be made under:
Péy Item Pay Unit
Foamed Asphalt Treated Base (Class ...) Ton

Haul will not be measured and paid for separately but shall be included
in the work.

33



6-1
DESIGiy MANUAL JULY]QB?

TABLE 603.3

STRENGTH COEFFICIENTS

Component Limiting Test Criteria Coefficient
Plant Mix Seal . - 0.25
Hot Bituminous Pavement R¢ 2 95 0.44

" " n R¢ = 90-94 0.40
f i y R¢ = 87-89 0.35
" " " Rt = 84-86 0.30
" ¥ u Ry = 83 0.25
Road Mix Bit. Pavement 0.20
Existing Bituminous Pavement : © 0.20 to 0.44
Plant Mix Bit. Base Rt 2 90 0.34
y W . Ry = 85-89 0.30
;e " " " Rt 2 80-84 0.25
] n n L] Rt - 79 0 . 22
Aggregate Base Course [A.B.C.]- npr 2 gy 0.14
n n L1} n ”n " !IRI‘I = 78_83 0 . 12
n n n n "n n l.lRll .f ‘?0_77 0 A ll
1 1] 1 1] n n " 1] IIRII = 69 0 L 10
"Foamed Asphalt Treated .0 >
EmulSLfled Asphalt Treated g.B.E. Rt = 095 0.23
L R¢ = 90-94 0.20
" : " : : " Rt = 84-89 0.15
n n n Rt = 83 0 . 12
= —

Cement Treated A.B.C. 7-day test = 650 psi - 0.23
n " L] - 1] n ? 400*649 psi 0.20
I" L1 L1} " LU n n = 399 psi 0 . 15
Hydrated lee Treated ABil = , "R" s 84 | 0.14
n L1 n HRIF — 78_83 0 .12

Borrow Material 0.10 *

* Used only to determine a value of strength for layers of soil
and/or borrow material which are located above the soil layer
from which the soil support value of the subgrade is deter-

mined.

NOTE: The minimum strength coefficient for the Base Course on
highways having a current ADT yolume ©of 750 or greater
shall be 0.12.
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APPENDIX C
COLORADO PROCEDURE FOR THE
DESIGN OF BITUMINOUS PAVEMENTS
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CP L-5105

COLORADO PROCEDURE L-5105
FOR THE DESIGN OF BITUMINOUS PAVEMENTS
INCLUDING RESILIENT MODULUS AND
HVEEM STABILOMETER

SCOPE
1.1 These methods cover (1) the preparation of bituminous mixtures

for test, (2) the resilient modulus (Mr) of compacted bituminous mixtures
(3) the resistance to deformation of compacted bituminous mixtures by means
of the Hveem Stabilometer, and (4) the cohesion of compacted bituminous mix-
tures by means of the Hveem Cohesiometer. The results of these tests are

used to determine the proper mix design for bituminous pavements.

APPARATUS

21 Ovens, capable of maintaining temperatures of 140 + 5 F and up
to 325 + 5 F.

2.2 Scales or balances, having sufficient capacity and accurate to

1.0 g and 0.1 g.
2.3 Mechanical mixer, complete with accessories.

2.4 Kneading compactor, complete with accessories, including heated

loading trough, and capable of exerting controllable pressure up to 500 psi.

2.5 Mold holder and funnel.

2.6 Molds, 4 in. diameter by 5 in. high with 3/8 in. wall thickness.
2.7 Paper disks, of heavy paper, 4 in. diameter.

238 Compression testing machine, minimum 50,000 1b capacity.

2.9 Plungers.

2.10 Extruding device, for removing compacted specimens from molds.
2.11 Suspension Apparatus - Wire basket, wire frame, or other appara-

tus to hold the specimen suspended from balance.
2.12 Container, with an overflow device for immersing the suspended

specimen in water while maintaining a constant water level.
2:13 Measuring device, for determining the height of the compacted

specimen to the nearest .001 in.

2.14 Hveem Stabilometer, complete with calibration cylinder and
accessories.
2.15 Cohesiometer apparatus, with an adequate supply of minus No. 10

plus No. 14 shot.
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2.16 Thermostatically controlled cabinet, capable of maintaining a
temperature of 77 + 1.8 F.

2:17 Resilient modulus apparatus.

2.18 Miscellaneous equipment, pans, spatula, thermometers, and

gloves.

PREPARATION OF SPECIMEN

3.1 Obtain sieve analyses of the aggregates to be used. Separate the
the aggregates into the various size fractions necessary for accurate recom-—
bining into test mixtures conforming to the specified grading requirements.

32 Determine the theoretical or estimated optimum bitumen content.

NOTE - Normally, laboratory tests will be conducted for four bitumen
contents. The incremental change in bitumen content should be
0.5 percent. However, the number of tests and the incremental
changes in bitumen contents may be varied to satisfy unusual
conditions. Express the percent bitumen as a percentage of the
total mix.

3.3 Combine the moisture free aggregate into batches by accumula-

tively adding each fraction.

NOTE - The total batch weight, including bitumen, shall be that neces-
sary to produce a specimen 4 in. in diameter and 2.5 + 0.1 in.
high. For typical dense graded mixtures, 1150 g total mix is
gatisfactory. Adjustments will be required for open graded or
fine graded aggregates and when aggregate specific gravities
are unusually high or low.

3.4 Heat the aggregate to the proper mixing temperature. Place hot
aggregate into a pre-heated mixing bowl and weigh the required amount of
bitumen, at the proper temperature, into the aggregate.

NOTE ~ For mixes employing paving grades of asphalt cement, the temp-
erature of the aggregate and asphalt at the time of mixing shall
be 250 + 5 F. For liquid asphalt mixtures (except emulsions)
the aggregate may be preheated to a temperature not eﬁceeding
140 + 5 F prior to mixing. For coal tar mixtures, heat the tar
and aggregate separately to a temperature not exceeding 200 +
5 F. Thoroughly and rapidly mix the aggregate and bitumen using

a mechanical mixer.
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COMPACTION OF SPECIMENS

4.1 After mixing, return mixture to proper temperature oven for 1
hour. Place the compaction mold, preheated to 140 F, in the mold holder and
insert a paper disk 4 in. in diameter on the base of the mold holder. Set
funnel on mold assembly. Place the mold assembly into position in the mechan-
ical compactor. Transfer mixture to loading trough of compactor. Adjust ram
pressure to where 250 psi will be exerted by the ram foot. Set "control mode”
switch to "load B". Keep the tamper foot hot enough to prevent the mix from
adhering to it.

4.2 Start compactor to load and partially compact the mix so that it
will not be unduly disturbed when the full load is applied. Allow compactor
to finish load cycle.

NOTE - The number of blows may vary depending upon the type of material.

It may not be possible to accomplish compaction in the mechani-
cal compactor when sandy or unstable materials are used. In
these instances use a 40,000 1b static load applied by the double
plunger method to complete the compaction.

4.3 Following partial compaction at 250 psi, raise the compaction pres-
sure to 450 psi and set control mode switch to compact. Normally 90 tamping
blows are applied (pre-set counter to 90). Immediately following the compac—
tion, apply a static leveling-off load of 12,600 1b (1000 psi) in the test-
ing machine at a head speed of 0.20 in. per minute. Hold the 12,600 1b load
for one minute and release immediately. Cool the specimen in the mold to room
temperature. When cool, remove the specimen from the mold by means of the
extruding device. Place in 77 F cabinet.

NOTE - Test samples must be stored in 77 F cabinet for a minimum of two

hours before proceeding to Section 5. For convenience, the

samples are usually stored in 77 F cabinet overnight.
RESILIENT MODULUS TEST (Mr)

5.1 Place yoke aséembly on holder.

5.2 Back out screw so that the tramsducer sensors will clear sample.
Back out the four clamping screws and gently insert the sample into the
center of yoke. Place sample squarely on the centering strip. Gently
tighten the clamping screws, keeping the sample centered and square in the

yoke. Tighten only until snug.
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5.3 Place the assembly in the loading device, align on the center
strip. NOTE: Do not 1lift by yolk.
5.4 Lift the loading shaft and place the top loading block on the

specimen, 180° from the bottom centering strip. Allow the shaft to seat
against the ball on top of the loading block.

5.5 Zero the recording meter. Set the multiplier knob to 200 and
turn on the meter. Adjust the zero control until the meter reads just above
zero.

5.6 Tighten the right transducer advancement screw until an increased
meter reading of about 2.0 is obtained. Tighten the left transducer until an
additional increase of 2.0 is obtained.

NOTE - Usually 75 1lbs load is used on sound, dry samples. However,
lower pressure may be required to minimize sample damage. In
case of doubt, start with lower load.

Bed Reset the zero knob to just above zero; i.e., until both the high

and low pilot lights are out.

5.8 Set mode switch to operate.

3.9 Record the deflection in micro inches on the meter. If the read-
ing is out of range, change the multiplier to a higher or lower value. Reset
the zero knob if one of the indicator pilot lights is on and make another
measurement.

5.10 Rotate the sample 90° and repeat measurements. Deflection reading
should normally agree within 10%. Sometimes a specimen is non-isotropic and a

larger difference exists.

DETERMINATION OF BULK SPECIFIC GRAVITY OF TEST SPECIMENS

6.1 Determine the dry weight in air and designate this weight as A.
Determine the weight of the specimen in water following a one minute immersion
period. Designate this weight as C. Surface dry the specimen by blotting
with a damp towel and determine the surface dry weight in air. Designate this
weight as B. Make all weight determinations to the nearest 0.l g.

6.2 Calculate the bulk specific gravity as follows:
Bulk Specific Gravity = E%E where

A = Weight of dry specimen in air, g.

39



CP L-5105

B = Weight of surface dry specimen in air, g.
C = Weight of specimen in water, g.

Calculate and report bulk specific gravity to three decimal

places.

CURING OF SPECIMENS
741 Following the determination of the bulk specific gravity, remove

as much water as possible by wiping or blowing with compressed air. Place

specimen in a 140 F oven for a minimum of 1-1/2 hours.

CALIBRATION OF STABILOMETER
8.1 Adjust the bronze nut on the stabilometer stage base so that the

top of the stage is 3-1/2 in. below the bottom of the upper tapered ring.

8.2 Pre-heat stabilometer stage base, calibration cylinder, and fol-
lower to 140 F for 1-1/2 hours. After removing from oven, set stabilometer
on stage base. Insert follower and turn pump handle until a pressure of
approximately 40 psi is indicated. Allow to stand until dial pressure reaches
equilibrium.

8.3 Place the metal calibration cylinder in the stabilometer. Place

a weight on top of the calibration cylinder to hold it firmly in positiom.
Turn the pump handle until a pressure of exactly 5 psi is indicated. Tap the
dial lightly with fingers to be sure the needle is resting on 5 psi. Adjust
the turns indicator dial to zero. Turn pump handle at approximately two turns
per second until the stabilometer dial reads 100 psi.

NOTE - The turns indicator should then read 2.00 + 0.05 turms. If it
does not, the air in the cell must be adjusted by means of the
rubber bulb, and the displacement measurement must-be repeated
after each air change until the proper number of turns is

obtained.

STABILOMETER TEST PROCEDURE

95 Bring the specimen to a test temperature of 140 + 5 F.

9.2 Place specimen in stabilometer, making sure that it goes in
straight with the tamped end up and that it is firmly seated in a level
position on the base.

9.3 Place the follower on top of the specimen and adjust the pump

until a horizontal pressure of 5 psi is indicated. The 5 psi pressure should
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be exact because a deviation of as little as 1 1b has a considerable effect
on the final value. See Note in Paragraph 10.3.

9.4 Start the vertical movement of the testing machine at 0.05 in.
per minute and continue until a total vertical pressure of 5000 lbs (400
psi) is reached. Record the stabilometer dial reading at exactly 5000 1bs
and immediately reduce the vertical load to 1000 1bs (80 psi).

9.5 Turn the displacement pump so that the horizontal pressure is

reduced to exactly 5 psi.

NOTE - This will result in a reduction of the vertical load. This is
normal and no compensation 1s necessary.

9.6 Set the turns displacement dial to zero. Turn pump handle at

approximately two turnms per second until the stabilometer gauge reads 100 psi.

NOTE =~ Again ignore the change in the vertical load.

9.7 Record the number of turns indicated on the dial a; the displace-

ment of the specimen.

NOTE - The turns indicator dial reads in 0.001 in., and each 0.1 in.
is equal to one turn. Thus, a reading of 0.250 in., indicates
that 2.50 turns were made with the displacement pump. This
measurement is known as turns displacement of the specimen.

CALCULATION OF STABILOMETER VALUES
10.1 Calculate the stabilometer value of the specimen by the follow-
ing formula:
22,2

$=*%79

h2 929
P -7P
v h

Where:
Pv = Vertical pressure (normally 400 psi)

P. = Horizontal pressure (stabilometer dial reading in
psi taken when Pv is 400 psi)

D2 = Turns displacement on the specimen

The attachéd chart (Figure 1) is used to convert stabilometer
dial reading and turns displacement to percent relative
stability.

NOTE - These and all following calculations are normally processed

by computer.
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10.2 Make every effort to fabricate test specimens having an overall
height between 2.4 in. and 2.6 in. If for some reason this is not possible,
correct the stabilometer value as indicated on the attached chart (Figure 2).

10.3 Calibrate the stabilometer frequently during the day as temper-
ature change has considerable effect upon the pressure exerted within the
nydraulic system.

‘NOTE = Close adherence to the 5 psi initial horizontal pressure is
necessary for accuracy of test results. When setting 5 psi
horizontal pressure always drop below 5 psi then bring pressure
back up to 5 psi and gently tap the dial to remove slack in the

dial indicator gear.

COHESIOMETER TEST PROCEDURE
11.1 Calibrate the cohesiometer to allow 1,800 + 20 g of shot per

minute to flow into the receiving bucket.

11.2 If the specimen has been allowed to cool to room temperature
following the stabilometer test, place in a 140 F oven for a minimum period
of 1-1/2 hours.

NOTE - Normally, the test specimen will be one which has just been

subjected to the stabilometer test at a temperature of 140 F.
Either replace the specimen in the 140 F oven for a minimum of
5 minutes after removing from the stabilometer or place in the
cohesiometer apparatus which is controlled at 140 F for a mini-
mum of 5 minutes before testing.

11.3 Clamp the test specimen firmly in the cohesiometer being
certain that it is well centered with the top plates parallel to the .sur-
face of the specimen. Tighten clamp nuts until snug, using the fingers
only.

11.4 Release flow of shot into the receiver and allow to continue
until the specimen either breaks or when the lever arm deflects 1/2 in.
from the horizontal.

115 Weigh and record the shot in the receiving bucket to the

closest gram.

CALCULATION OF COHESIOMETER VALUES (See Note under 10.1)
12.1 Calculate the cohesiometer value as follows:
L

C = 5
W(.20H + .044H")
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Where:
C = Cohesiometer value (grams per inch width
corrected to a 3 in. height)
L = Weight of shot in grams
W = Diameter of specimen in inches
H = Height of specimen in inches

NOTE - Cohesiometer values may also be obtained by multiplying the
weight of shot necessary to break the specimen by factors estab-
lished for various heights of 4 in. diameter specimens. These

factors are as follows:

Height Factor Height Factor
2.20" .382 2.50" .322
2.25" .371 2:55" .313
2.30" .360 2.60" .305
2.35" .349 . 2.65" .297
2.40" .340 2.70" .290
2.45" .331 2. 75" .283

12.2 Check results by making a second break at 90 degrees to the
first if cohesiometer values are obtained that are obviously out of line.
NOTE - Assuming that all test details have been closely adhered to,
these results may be generally attributed to an unusually
large amount of coarse aggregate particles being located in
the area of the breaking plane.

CALCULATIONS FOR RESISTANCE VALUE
13.1 Calculate an arbitrary total Resistance Value (Rt) combining
both friction and tensile strength as reflected by Stabilometer and

Cohesiometer readings as follows:

R = 100 - 100
& 2.5 (Er_ ) 1
D, \F

Where:

+ .
05 Cl

C., = Cohesiometer Value in grams per linear inch
of specimen width. This is an index to the
tensile strength of the specimen.

CALCULATION OF PERCENT AIR VOIDS IN COMPACTED SPECIMENS
14.1 Determine the maximum specific gravity of the uncompacted
bituminous paving mixture in accordance with AASHTO T 209. Prepare the mix-

ture in the laboratory at the estimated optimum asphalt content. Adjust
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the maximum specific gravity thus obtained for incremental changes in asphalt
content by use of the attached nomograph (Figure No. 3).
14.2 Calculate the percent air voids in each compacted specimen using

the following formula:

p. Gr. of Specimen) x 100

. S
Percent Voids = 1 -(: Max. Sp. Gr.

REPORT
15.1 The following test result values for Bituminous Surfacing Design
will be reported by computer print-out.
1. Percent bitumen, mix basis
2. Maximum specific gravity of the uncompacted mixture
3. Bulk specific gravities of the compacted specimens
4. Stability value of each specimen
5. Cohesiometer value of each specimen
6. R, value of each specimen
7. Percent air voids in each specimen
8. Resilient Modulus (Mr) value of each specimen
SIGNIFICANCE OF VALUES REPORTED

16.1 Maximum Specific Gravity of Mixtures - The maximum specific
gravity of the mixture as determined by AASHTO T 209, is a more realistic
value than the maximum theoretical specific gravity which is calculated
by using the specific gravity of the asphalt cement and apparent or bulk
specific gravity of the aggregate. This is especially important for absorp-
tive aggregates since the AASHTO method measures the actual volume occupied
by the asphalt and coated aggregate, excluding any asphalt absorbed into the
aggregate. The calculated theoretical maximum specific gravity will be
higher than actual when using apparent specific gravity or lower than actual
using bulk specific gravity unless the volume of asphalt absorbed is known
and taken into account in the calculations.

16.2 Bulk Specific Gravity of the Compacted Specimens - The bulk
specific gravity of the compacted specimens is used to calculate the percent
air voids. When the recommended asphalt cdntent falls between two contents
at which specimens were actually made, the specific gravity of the compacted
mix for the recommended asphalt content will be pro-rated accordingly. This
reported value is the laboratory density referred to in Subsection 401.17 of
the Standard Specifications to which field density tests are compared for

compliance.
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16.3 Stability Value of Bituminous Paving Mixtures - The stability
value of bituminous paving mixtures as determined by the stabilometer test,
reflects the ability of the mixture to resist lateral displacement when sub-
jected to vertical pressure. This value may vary considerably depending
upon the character of the sand or rock particles and especially with the
amount and type of bitumen used. An arbitrary scale of "Stability'" has been
established in which the value of zero corresponds to a liquid having no
measurable resistance to slowly applied vertical loads, and a value of 100
corresponds to a hypothetical solid that will tramsmit no measurable amount
of lateral pressure upon application of a vertical load. A stability value
of 35 or more is usually required for high type bituminous pavements. More
information on the factors influencing mix stability will be found in
Section 17.1.

16.4 Cohesiometer Value of Bituminous Paving Mixtures - The cohesio-
meter test measures fhe cohesive strength of the asphalt films and is accom-
plished by bending or breaking the same specimen that was used for the
stabilometer test. Cohesiometer values have a linear relationship to Modulus
of Rupture Values when applied to rigid or nonductile substances, which in
turn may be related to the strength coefficients used in the structural design
of the pavement system.

16.5 Rt’ or Total Resistance Value of Bituminous Paving Mixtures =
The Rt’ or total resistance value is the result of the mathematical combina-
tion of the stability and cohesiometer values as described in Section 13.1.
This is the actual value used to determine the strength cocefficient of a
bituminous mixture. When the frictional properties of a mix are such that a
stability value of 35 cannot be obtained, an Rt value of 90+ will be con-
gsidered satisfactory for high type pavements.

16.6 Percent Air Voids in Compacted Laboratory Specimens = The per-
cent air voids in compacted laboratory specimens, at the recommended asphalt
content should normally be between two and five percent for high quality,
dense graded mixtures. Theoretically, laboratory density is that density
expected to develop in the pavement after traffic densification. At least
two percent voids are required to allow for the expansion of the asphalt

during hot weather without "bleeding' to the surface.

DETERMINATION OF OPTIMUM ASPHALT CONTENT
174 The optimum asphalt content is primarily based on the percent
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air voids in the compacted specimens and their stability values. In applica-
tion, the general criteria is to select the highest asphalt content the mix
will accommodate which will result in the air voids between two and five per-
cent without a sharp drop in the Stability Value. Depending upon the avail-
ability of aggregate and economic factors, less than ideal value relationships
may have to be settled for. For instance, a mix design may show that in order
to achieve stability the percent voids would be above five percent. In this
case, mineral filler could be used to reduce the voids and a new mix design
made. In some mixtures with adequate stability, the asphalt content necessary
to obtain air voids above two percent may be lower than desirable. In this
case some adjustment in gradation could be made to open up the void spaces in
the aggregate to permit additional asphalt. While almost any adjustments can
be made in the laboratory, the practicality and economics of duplicating them
on the construction project must be considered. The laboratory optimum
asphalt content is selected considering the above criteria based on the judge-

ment of the Flexible Pavement Design Engineer.

ADJUSTMENT OF OPTIMUM ASPHALT CONTENT FOR TRAFFIC AND ENVIRONMENTAL
CONDITIONS

18.1 The above laboratory design procedure does not consider the ef-
fects of (1) the season of the year at which construction will actually take
place, (2) the demsity of traffic, or (3) the climatic conditions at the
construction project. Bituminous pavements constructed in the early spring
or fall can tolerate a higher asphalt content than those constructed during
the summer months. More asphalt can be used at higher altitudes. Also,
pavements subject to low traffic density can accommodate more asphalt than
those under heavy traffic.

18.2 The optimum asphalt content, selected from laboratory design
test values, is adjusted for the above considerations by use of the nomograph
(Figure 4) to obtain the final recommended asphalt content for the project.

This adjustment should be made in the field at the time of construction.
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APPENDIX D
RESILIENT MODULUS MEASUREMENT

The Resilient Modulus is the value obtained by determining the time

related stress/strain resiliency or stiffness.

An elastic modulus or Young's modulus of an elastic material is defined

as:
Modulus = EEEEii
Strain

where the duration of loading does not change the value obtained. 1In a

viscoelastic material the same relationship is used. However, the conditions
of the test must be defined because short loading periods can give much higher
modulus values than long loading periods. This is because more time allows
more flow to occur. Moduli that are time-dependent are referred to as
Resilient Moduli or as Stiffness Moduli. Frequently, moduli determined at
very long loading times are referred to as Creep Moduli.

The Mark III Resilient Modulus instrument is used in Colorado to measure
the resilient modulus of asphalt concrete specimens.

The Mark III Resilient Modulus (MR) instrument functions by applying a
0.1-second load pulse once every three seconds across the vertical diameter of
a cylindrical specimen and sensing the resultant deformation across the
horizontal diameter either 0.05 or 0.10 second after the beginning of the
specimen deformation. The specimen can have a diameter from 3 1/2 inches to
4-inches and a thickness from 1 to 3 inches. Optimum specimen diameter is &
inches and optimum thickness is 2 3/4 inches. Loads used vary from 10 1b to 75
1b. Specimen deformations range from 1 to 2000 microinches.

Diametral loading (application of a load across the vertical diameter of
the cylinder) results in a deformation across the horizontal diameter. The
vertical load, p, and the horizontal deformation (/AA) are related to the
Resilient Modulus (HR), Poissons ratio (v), and specimen thickness (t) as
follows:

p (v + 0.2734)
Mp T At
If p is in pounds and t and A are in inches in the above equation, the

units of MR will be psi. If p is kg and t and A are in cm, then Mk~wi11 be in

kg/cmz.
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Thus, by measuring the thickness of the specimen and deformation
resulting from a known pulsating load, the Resilient Modulus, or MR can be
calculated. A Poissons ratio of 0.35 has been shown to be a reasonable value
to use in this calculation for sound asphalt-treated materials. Higher or
lower values may be used for other materials.

The instrument permits rapid nondestructive measurement of the resilient

modulus of asphalt-treated mixes.
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