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INTRODUCTION

This report describes the construction of a roadway using an aggregate,
cold-mix emulsion as the bagse course. The test section was constructed
in cooperation with the Federal Highway Administration as a. Category 2
project in accordance with Experimental Work Plan No, 44, Research Pro-
ject 75 E-55.

The project selected for this evaluation was the relocation of a portion
of Canal Rd and Billwood Hwy in Eaton Countynear the Michigan Secondary
Governmental Complex RF 23012, 03635A). The location and approximate
length of the job are shown in Figure 1. This project was chosen for the
test work because of its relatively small gize and its close proximity to
Lansing.

CONSTRUCTION PROCEDURES

Preparation of Cold-Mix Base Material

. The base material was mixed at the Reith~Riley agphalt plant on Creyts
Rd during the period from May 10 to May 17, 1976. The materials used
were a. 20A aggregate and MS-2S asphalt emulgion mixed with a Kolberg
continuous-flow mixer. The mixed material is shown in Figure 2. The
asphalt emulsion was sampled by the Department's bituminous plant in-
gpector at the job site, and sent tothe Testing Laboratory in Ann Arbor for
analysis. The results of those tests indicated that all samples were within
specification limits.

Results of the extraction tests on the mixture show an average asphalt
content of 4.56 percent. There were no problems in mixing and handling
the material after proper adjustment for the asphalt flow in the mixer was
made. The mixed material was stockpiled at the Reith-Riley plant until the
road construction was started on July 12, 1976.

Preparation of Subgrade

The subgrade material was generally a non-plastic sandy-loam, as
shown in Figure 3. After the subgrade was placed and shaped, soil bor-
ings were taken and the material approved for highway use. In-place den~
sity tests were conducted by a density inspector from the Construction
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Figure 2. Prepared base material.

Figure 3. Subgrade material on Canal Rd.
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Divigion, and the values are presented in Table 1. All of the subgrade was
approved by the Construction Division before any base material was placed.

TABLE 1
IN-PLACE DENSITY MEASUREMENTS
" ON SUBGRADE

Moisture| In-Place |Maximum | Optimum
Station | Content, |Dry Density | Density, |Moisture ; Percent
percent pef pef Content, | Compaction
~ percent
4 - .
44-+00 10.4 108.2 114.1 14,9 ~ 94.8
45475 14.3 118.4 111.5 15.8 106.2
46-+50 9.9 115.3 115.0 14.8 100.3
2| 46+70  11.0 107.1 114.1 14.9- 96.1
= | 48400 6.8 115.0 115.0 14.8 100.0
8 | 49+50 13.3 ©121.3 111.5 15.8 108.8
© {50426 7.4 108.7 108.6 17.2 100.1
50+30 7.2 104.7 108.6 17.2 96.4
50+50 4.6 113.6 115.0 14.8 98.8
9 50-+50 9.9 114.5 115.0 14.8 99.6
3 10-+00 2.9 117.0 118.7 138.5 98. 6
S B[ 10400 7.2 113.3 113.3 15.1 100.0
= & | 12+00 9.0 113.0 113.3 15.1 99.7
k\m 14+00 12.3 108. 8 118.3 15.1 96.0

Cold-Mix Black Base Construction

Placement of the black base material beganon July 12 on Canal Rd just
gouth of US 27. The base material was placed on the subgrade, without a
prime coat, by end dumping directly fromthe trucks. A bulldozerwas used
to spread the material over the entire width of the roadway to the desired
depth. Shortly after the material was spread, aeration was started using
an agricultural harrow pulled by a conventional tractor. These phases of
the operation are shown in Figure 4. Aeration of the material was con-
ducted continuously the remainder of the day, and throughout the next day.
It was felt that the moisture content of the base would be critical for proper
compaction, but at this time no moisture limits had been determined. In




an attempt to determine proper moisture limits under field conditions and
to evaluate the efficiency of the aeration equipment being used, periodic
moisture measurements were taken using a Speedy Moisture Tester (Model
M-330). The results of those tests are given in Table 2. This testing in-
dicates that the aeration equipment was only effective in removing part of
the existing moisture, and beyond that point continued aeration was inef-
ficient, From these data it was not possible to establish moisture limits
for compaction, however it was noted that samples having 3 percent or
higher moisture felt mushy when handled, and appeared to contain excess
moisture. ‘ :

TABLE 2
MOISTURE DETERMINATION OF
COLD MIXED BLACK BASE DURING -
INITTAL AERATION (CANAL RD)

Moisture
Date Station Time Content,

percent

7-12-76  50+50  10:45 a.m. 6.3
7-12~76  50+00  2:30 p.m. 3.0
7-13-76 50400  8:15a.m. . 2.6
7-13-76  49+00  8:30 a.m. 3.0
7-13-76 48400 840 a.m. 1.6
7-13-76 50400 10:30 a.m. 2.5
7-14-76  50+00  9:00 a.m. = 2.3

Note: All samples are representative of the
entire depth of material placed.

The project proposal called for the base material to be constructed in
layers of 3 in. maximum depth. Material was continually added in several
layers until athickness of about 8 in. had been placed. This thickness made
it impossible for the equipment being used to aerate the entire depth. On
July 13, at about 3 p.m. Speedy moisture tests were taken on the top 4 in.
of material and on the bottom 4 in. of material indicating excessive mois~
ture contents of 3.0 and 4.6 percent, respectively. This moisture vari-
ationwas brought to the contractor's attention and efforts were made to set




Figure 5. Aeration of cold-mixed black base. The dozer was
necessary to pull aeration equipment trying to mix the entire
8-in. of material. ‘

the harrow deeper to aerate the bottom layer (Fig. 5). On July 14, initial
compaction of the base material was conducted at 7:00 a.m. with a rubber
tired roller, and the material seemed to be firm with no apparent soft
areas. A moisture test taken at a typical location, at 9:00 a.m. indicated
a moisture content of 2.3 percent. This moisture content was considered
acceptable as the base did seem firm and well compacted at this test site.
Also, this moisture content was below the limit established later in this
report where moisture contents of several firm and adjacent soft base
areas are compared, as shown in Table 3.

Construction Problems

The majorproblem inusing cold mixed black base on this construction
project was the presence of excess moisture. This moisture problem made
it necessary to aerate the material for several days before compaction
could be conducted. On July 14, after the material was compacted, the
contractor planned to start placing the bituminous concrete leveling course
at about 3:00 p.m. However at about 2:00 p. m. several soft and cracked
areas appeared in the base. Upon investigating these areas it was found
that the top 4 in. of material was dry and hard but the bottom 4 in. was soft
and mushy. Speedy moisture tests were run on both layers indicating 1
percenton the topand 5 percent onthe bottom layer. Because this situation
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was evident in geveral areas throughout the job, the paving operations were
postponed, and the contractor resumed aeration of the material. With the
type of equipment being used, however, the contractor was not able to mix
the entire 8 in. of material. After several days of aerating and trying to
compact the material, with little success, two plans of action were dis~
- cussed to attempt to speed up the operation. One was toscrap the cold mix
base and do the entire job with hot mix bage; the other was to make use of
the cold mix base by adding a stabilizing agent to it. At thig time 30 per-
cent of the material scheduled for Canal Rd had been placed, and the re-
mainder wase already mixed and stockpiled. For this reason it was decided
to. use the cold mix base with the necessary modifications.

TABLE 3
MOISTURE CONTENTS FOR
SEVERAL FIRM AND SOFT BASE
AREAS ON CANAL RD

Site Moisture Con‘fent, peroent

Number Flrm | Soft Subgrade

1 1.6 4,0 10.6
2 0.4 3.8 12.1
3 2.2 2.7 7.8
4 0.5 3.1 14.5
5 0.6 4.1 9.3
6 2.5, 2.7 3.9 7.5
7 _— 4.6 4.2
8 — 5.1 11.3
9 — 4.6 6.9

A small test strip on Billwood Hwy was constructed using base mate-
rial from the stockpile, to which was added 2 percent portland cement, It
was felt that the portland cement would take care of the excess moisture
and alsohelp hardenthe base material. This test strip was constructed on
- July 26, as shown in Figure 6. About 3 in. of base material was placed,
the portland cement mixed into it, and the mixture compacted. The entire
operation, from initial aeration to compaction, was completed in an hour.
The initial moisture content of the base material was 6.7 percent, and at
the time of compaction the moisture content was 6.4 percent. Therefore,
very little drying occurred due to aeration and the addition of portland ce-
ment did not reduce the moisture content immediately. It was felt that,
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even with this high initial moisture content, in time the portland cement
would take care of asubstantial portion of the moisture and also help hard-
en the base. Inspection of the test strip on July 27, indicated the process
wasg successful. Reasonable hardening occurred in this test strip with the
moisture content at 6.4 percent except fora few small unstable areas. By
requiring an upper limit of 4 percent moisture before adding the portland
cement it was felt that adequate stability could be readily achieved over the
entire area. It was also felt that better mixing of the cement could be a-
chieved with a mixer specifically designed for stabilization purposes.

Laboratory tests were conducted to evaluate the strength characteris-
tics of both treated and untreated material, and the results are presented
in Table 4. These tests show anaverage increase instability of 82 percent
due to the addition of portland cement. The success of this test strip led
to the decision to treat the entire job in a like mammer with the following
changes. A multipass stabilizer mixer was to be used for aerating and
mixing the portland cement, and a maximum moisture content of 4 percent
was allowed in thebase before adding the portland cement. This procedure
was followed for the rest of the job with generally good results.

TABLE 4
MARSHALL STABILITY STRENGTH ANALYSIS
OF COLD MIXED BLACK BASE

' Total Moistu
Sample Type oa LRLure

Density, | Content, Stability, FIOW_’
and Condition pef percent 1b | 1/100~in.

Untreated: Dry 142. 2 3.31 © 746 8.9
Soaked 24 hrg 142.4 3.31 508 8.1
I+ — - 68.1% -
Cement-Treated: Dry 138.4 2.21 1305 11.1
Soaked 24 hr 1382 za; 964 9.0
I* _—— — 73.9%, -

Soaked Stability
Dry Stability

* I = Index of Retained Strength =

Shortly after the base material was placed and compacted, using the
modified procedure, several soft areas again appeared in the base (Fig.
7). A check of these areas indicated that there was still an excess amount
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of moisture present. To determine if there was excess moisture in the
subgrade as well, and to establish an acceptable moisture content for the
base material, several soft and adjacent firmbase areas throughout the job
were selected and moisture contents determined. These data, presented
in Table 3 indicate that there was no excess moisture in the subgrade, all
of the moisture contents being below the optimum values determined during
in-place density testing. An acceptable moisture content for the cold-mix
base material was established by comparing the highest moisture content
of the firm areas with the lowest moisture content of the soft areas, pre-
sented in Table 3. It was concluded that 2.7 percent was the maximum al-
lowable moisture content for a stable base.

After several weeks of observing these cracked areas and numerous
discussions, it was decided to remove the base material in these areas and
replace it with hot mixed bituminous material. The amount of material re-
placed was 1,716 sq yd at a cost of $26,534. This work was started on
September 8 and finished on September 10, 1976. After completion of this
work an inspection of the job indicated that the base was in good condition,
so the bituminous concrete leveling and wearing courses were applied, and
the road opened to traffic. Visual inspection of the road a month after com-
pletion indicated no apparent problems. Future visual inspections will be
conducted periodically.

CONCLUSIONS

Baged on field observations of this project and discussions with con-
struction personnel, the following conclusions are made: :

1) The majorproblem encountered with the asphalt emulsion base was
one of excess moisture and an inability to remove that moisture effectively.
Even with careful moisture control, the addition of portland cement, and .
proper aeration, soft areas were still a major problem. The unpredict~
ability, with respect to moisture control, found during this job makes this
material highly questionable for use in general highway construction.

2) There were no problems with preparing and stockpiling the mix-

. ture.

3) The basge did seem firm when properly dried and compacted.
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