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I. INTRODUCTION

Many aggregate sources for asphalt concrete (A.C.) in and near the
town of Mojave, California (District 09) are known for their poor
quality. Asphalt concrete pavements constructed using aggregate
from these local sources often exhlblt early pavement failures.
Generally, these fallures include pitting and raveling.

Léboratory test data has shown that aggregates from this area

not only expand excessively when exposed to moisture, but also
contain a large percentage of clay or clay-like fines as evidenced
by their frequeht inability to meet the sand equivalent and swell
tests requirements.

The Contractor on an ongoing District 09 job propesed changing

the aggregate source for the asphalt concrete on his job to
decrease his aggregate haul distance. However, the results of
preliminary tests by the District indicated that the material

from the closer source would not comply with the Swell Test
requirements (Test Method No. Calif, 305). Because the Contractor
stil; wanted to use the new source if at all possible, the
Transportation Laboratory was contacted by the District regaxding
tréatment of the aggregate to decrease the swell of the mix.

Data from a previous experimental lime slurry project[l] constructed.
in District 02 was submitted to District 09 engineers for their
consideration. They subsequently decided to permit the Contractor
to use the new source if he treated the aggregate with lime to
control the swell. The aggregate source used was in a troublesome
area near Mojave, California. Laboratory and field data from this
study are presented in this report.
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IT. CONCLUSIONS

From the data compiled, we conclude that:

1. X-fay defraction tests indicate that this material contains

a large percentage of a type of vermiculite which is extremely
expansive.

2, Laboratory tests cléarly show that a hydrated lime slurry
tre@tment has a beneficial effect on aggregate from the
source that was used on this project for asphalt concrete.

3. The” procedure used by the contractor to introduce the
hydrated lime to the minus #4 aggregate resulted in
segregation of the lime and the minus #4 material.

4, Beq%use-of the procedure used by the contractor for blending
thé_hydrated lime with the minus #4 material, it is doubtful
thdﬁ the uniformity of lime treatment was good enough to
rgsult in any beneficial effect on the final product.
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ITI. RECOMMENDATIONS

1f aggregate intended for uge in asphalt concrete requires lime
treatment, the specifications should require that water be added
to the lime to form a slurry followed by the introduction of the
glurry into the aggregate. The specifications should then reguire
that this combination of aggregate and slurry be mixed uniformly
and completely priox to its introduction into the dryer. Stock=
piling the treated material should be permitted but hot required
after this mixing operation. This procedure (without stockpiling
+he treated aggregate) was previously used with success in
District 02 [1].
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' IV. “DISCUSSION

A.  .Project Description

The project'was.located in Kern County on Route 58 between post
miles 128.5 and 135.5, 'The asphalt concrete containing aggregate
treated with lime slurry was used to construct a portion of the
shoulders and frontage roads On contract 09-023324. Field tests,

In thé same locations, cores were cut from the pavement and tests
were;hade on the recovered asphalt from the cores. All the testg
werejpe:formed on the surface course oniy.

B, Laboratory Test Resultg

Aggregate

The résults of physical testg made on the aggregate used on thig
Project are presented in the following Table 1

TABLE 1
Aggregate Characteristics
Tests ° Test Method No,. Results
X-Ray & D.T.A, - -— - 40-50 percent Plagroclose g

Orthoclase; 20-25 percent
Vermiculite*; 15-20 percent
Quartz; 5 percent Pyroxine;
5 percent Olivine; less than
5 percent mixed layer Clay,

Sand Equivalent Calif., No, 217 44 (57 with 0.5 percent

B Lime Slurry)
C.K.E. Test Calif. No. 203 K, = 1.1, Ke = 1.3, K, = L.2
Modifi? CeKeEe = m = m 0.7 percent Absorption.
Test(2¥: (0.4 percent with 0.5 percent

Lime Slurry)
*The geoclogigtly report showed ag Much as 25 percent vermiculite,

and itﬁwas noted tbat this type of vermiculite ig extremely expansive,
Also, it degrades into montmorillonite, an extremely expansive

4
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Asphalt Concrete

The aggregate specified foxr lime treatment was the minus #4
material only. The hydrated lime was introduced to the minus
#4 material while the.aggregate was on the conveyor belt
(Figures 1 and 2). The minus #4 material containing the 0.5
percent lime was then accumulated in a stockpile, Figure 3.
From this stockpile, the minus #4 material was hauled to the
hot plant where it was combined with the untreated coarse
aggregate, '

The grading curves, stability, cochesion, specific gravity, and
abrasion loss at 100°F for the laboratory mixed asphalt. concrete
specimens and the test results for asphalt concrete mix removed
from the pavement behind the paver are presented in the following
Table 2. Although the mix containing untreated aggregate complied
with the swell requirements, District 09 laboratory data indigated
that asphalt concrete containing the untreated aggregate from this
source exceeded the specification limit of 0.030 méximum. No
explanation for this inconsistency in test results is availablae.
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" TABLE 2
Asphalt Concrete Mix Characteristics
Grading Curve

. Lab e Field Spec.
0.5% Lime (Slurry) No Lime 0.5% Lime (Slurry)
3/4 " 100 _ 100 100 95-100
1/2 E 85 ‘ 85 86
3/8 o 72 ' o 72 ' 73 65-80
/4 - - - - - - - -
4 B 54 ‘ : 56 62%* 45-60
8 R 43 41 : 48% 30-45
16 28 26 33
30 i 17 o ' 1le ' 22 15-25
50 ' - 100 : g 10 15
100 . 6 . : 6 _ 10
200 ; 3 4 7 3=7
%_Asph- 6.0 - 6.0 R - « B
Den(PCF) 14Z/I43 - 1407140 14 L7140 -
Stad. 46/45 48745 44739 35
% Void 5.1/6.0 ©.7/6.3 - =
Cohes.. ~ le6b/1%H L160/130 L30/7100 =
Swall - 003/.004 . 003/.003 - 016/ . 00% 0-030
Surf,
Abra.  37.7/24.5 8L.3/59.,3/60.4 47.5/44.3/60.0 -
Surf, Abra.
Avg. o 33.6 67,0 50.6

. *Out of Specification
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FIGURE 1
HYDRATED LIME BEING INTRODUCED

FIGURE 2
FINES WITH HYDRATED LIME ON BELT TO STOCKPILE
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Expansion-ContractioE"

Expansion-contraction tests[l] were completed on A.C. bars
containing untreated aggregates, aggregates treated with

0.5 percent hydrated lime in the form of a lime slurry in the
jaboratoxry, and aggreéates gampled £rom the cold feed belt that
supposedly had been treated with 0.5 parcent hydrated lime in
dry form by gprinkling dry iime on the £fine aggregate belt
only {(see Figures 1 and 2). The test results are presenﬁed in
Figure 4. AS shown, the untreated hars expanded about 0.110"
(average of 2) in 24 hours, while‘the expansion in 24 hours
for the bars containing the lime slurry treated aggregate were
0.050" and 0.080". The lowest expansion was exhibited by the
pars fabricated with viime treated" material taken from the
cold feed belt.

A gecond group of expansion bars consisted of A.C. test bars
fabricated with asphalt concrete sampled from the A.C. immediately
behind the paver. This asphalt concrete gupposedly contained
| " 0.5 percent lime by dry weight of the aggregate. Tegt bars were
also made using aggregate sampled £from the stockpile containing
E 0.5 percent 1ime, and two A.C. bars were made using aggregate from
the stockpile with an additional 1.5 percent 1ime added for a
_total of 2.0 percent lime in the form of a lime slurry. The
expansion results are presented in Figure 5. AS shown, the
bars fabricated with the asphalt concrete mix sampled from behind
the paver expanded about 0.105" in 24 hours, which would make one
question if these test specimens contained any lime, particularly
' when the previously tested bars containing untreated aggregates
expanded 0.110" in 24 hours as ghown in Figure 4., The egpansion
of the test bars containing r"gtockpile" aggregate and asphalt
: adqed in the laboratory correlated favorably with the corresponding
i results (0.5 percent lime) shown in Figure 4. AS expected, the
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LIME SLURRY PROJECT
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‘test bars cdhtaihing'Z'pefdent lime in a lime slurry expanded

considerably less than the untreated or 0.5 percent treated
material after 24 hours in the 100°F water bath.

The tést results for the asphalt recovered from the A.C. samples
removed from the mat behind the paver are presented in Table 3,
below,

TABLE 3

Characteristics of Recovered Asphalt

Test Test Method Results
Penetration @ 77°F AASHTO T-49 66
Ductility AASHTO T-51 150+
Viscosity @ 140°F BASHTO T=202 1724 Poise

Viscosity @ 275°F AASHTO T-201 258 Cs

The viscosity at 140°F is less than expected for an AR-4000
gradefasphalt in that normally the viscogity is about 3000

poise. Generally, when the viscésity is low the temperature

of the mix when discharged from the pugmill is alsc low (below
275°Ff. However, in this case the temperature of the mix when
dischérged was 300°F. Therefore we have no assignable cause as
to thé low viscosity. It is, however, unlikely that the presence
of thé lime influenced the viscosity of the asphalt.

wiw fastio.com
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Ce Field TeStIResults

The temperature of the asphalt concrete mix when delivered to

the street ranged from 280 to 300°F, and the breakdown roller
(12-ton static) made its initial coverage when the temperature

of the material was between 270 and 280°F. Upon completion of
the compaction sequence, thirty locations were randomly selected
and nuclear density measurements were made. The following day,
water permeability tests were made at the same locations selected
for nuclear density measurementg. The resultg of this testing
are presented in the following Table 4.

TABLE 4
Results of Field Tests

Sta. 38+25 to 39425 Sta., 29+25 to 40+25 Sta. 40+25 to 4l+2§
Den{(PCF) Perm(ML/Min} Den(PCF) Pexm(ML/Min) Den(PCF) Perm (ML/Min)

1 135 45 133 35 135 30
2 134 50 134 155 135 25
3 135 45 134 30 135 30
4 135 35 135% 35 135 | 30
5 137 35 134 40 134 20
6  135% 35 134 25 133 20
7 134 25 137 25 134 25
8  136. 25 136 20 134% 25
9 136 25 135 20 135 20
10 135 85 135 25 135 20
X 135.2(96%) 40,5 . 134.7(96%) 41 134.5(96%) 24.5

o 0.9242 1.202 0.882
*Cores taken at these locations

Note: - The laboratory test density was 140 PCF (Calif. 304)
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Corés were taken from three of these locations a& shown in the

above ﬁable. The waxed densities of these cores are presented
with the "nuclear" in-place densities for the same locations in

Table 51'

TABLE 5

Density (PCF)

Core vs. In-Place (Nuclear) Density

B ' Secﬁiqn Nuclear Core
| 1 : 135 ' 135
2 135 13§
3 134 136
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V. SUMMARY

In summary, the test results have ghown that when A.C. specimens
containing a lime slurry-treated aggregate were fabricated and
tested, beneficial effects were realized. In the laboratory,
the specimens were prepared under idegl conditiong in that the
percentage of hydrated lime was added to individual samples and
was carefully controlled. However, it is questionable, even
under ideal conditions, whether a small percentage (0,5 percent)
of hydrated lime can be added uniformly to an aggregate using
typical field coperations, The method that was used to introduce

the hydrated lime to the minus #4 material on this project was

very crude. The test results for specimens containing mix from the
job indicate that a significant portion of the fine aggregate in the
mix may not have been lime~treated, Thus, it is anticipated that
the field performance of this pavement will be erratic. The lack

of uniformity of the lime treatment renders any further study of the
performance of this pavement of little wvalue.

1o
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