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FOREWORD

This investigation was initiated at the request of the Minnesota Local Road Research
Board as a project of special interest to county and municipal engineers, as well as to
engineers in the Minnesota Department of Transportation. The project was financed jointly
with State Funds and County and Municipal State Aid Research Funds.

The primary purpose of this investigation was to determine if there is any significant
breakdown of aggregate base material due to construction procedures or in-service degra-

dation caused by traffic and/or environment.

The authors would like to thank and acknowledge the help and cooperation of the
Olmsted and Winona County Highway Departments and Mn/DOT Districts 2, 3, and 7;
the construction projects sampled were under their jurisdiction. The contributions of
personnel from the Mn/DOT Offices of Materials Engineering and Research and Develop-
ment are also gratefully acknowledged.



ABSTRACT

The main purpose of this investigation was to determine the amount of degradation
that occurs during construction of granular bases and the amount which takes place while
in service under a bituminous surface. A second objective was to determine which labora-

tory tests could be used to identify the materials which would degrade the most.
Six granular base projects were selected for testing. Six different aggregates were tested
and results analyzed for degradation. Assessment of degradation was based on changes in

the percent passing the No. 200 sieve of samples taken as produced, after compaction and

after being placed in service.
Some of the more important findings and conclusions of this study are:

1. Some degradation was noted on all six projects, occurring both during compaction

and under traffic.

2. None of the laboratory tests conducted were found to be suitable for indicating

aggregates which degrade the most.
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INTRODUCTION

Change in aggregate sizes, an increase in fines and any alteration affecting the structural
strength of a total pavement are the factors indicating degradation of base course materials.

Degradation can be defined as ‘“‘a breaking down and/or disintegration of mineral particles
of sand, gravel or stone sizes, primarily due to alteration and subsequent decomposition of
their mineral components, accelerated by the action of mixers, mechanical equipment,
traffic or the elements.”] Certain crushed rock and gravel base materials are more suscep-

table than others to this process of degradation. In some cases, degradation begins as soon

as the aggregate is handled and continues through its service life.

The purposes of this investigation were 1) to determine the amount of degradation
that occurs during the various construction operations and also the amount which takes
place while in-service due to the action of traffic and/or frost, and 2) to determine labora-

tory tests which could be used to identify materials which would degrade the most.

As the years pass, the present sources of good quality aggregate will surely diminish.
Consequently, it may be necessary in the future to use sources of lower quality material
for highway construction. Therefore, it was important in this investigation to use material

of lower quality to determine if any breakdown would occur.

Evaluation was based on the testing of three types of aggregate base material. Shale
and limestone represented the lower quality material while an igneous rock was used for the
control. Samples were taken following the construction operations of windrowing and
compaction. Additional samples were taken periodically after the pavement had been placed
in service. Gradation tests were run on the samples to measure the amount of degradation
that took place as measured by the percentage of material passing the No. 200 sieve. Other
tests included the Los Angeles Rattler, Magnesium Sulfate, Freeze-Thaw, California Dura-
bility and Insoluble Residue.

This report includes a description of the six projects from which data were collected,

sampling and testing procedures and a tabulation and analysis of the results.

IHighway Research Board Bibliography Number 51, “Degradation of Aggregates,”” Annotated 1911-1968, 1970.



FIELD SAMPLING PROCEDURES

Samples were taken on all projects immediately following the various phases of con-
struction, such as windrowing and compacting. On two projects, samples were taken from
the stockpile also. To determine the influence of traffic upon degradation of base course
aggregates, samples were also taken periodically after the road had been placed in service.

Sampling from the windrow was done as follows: The sample was dug from the
windrow perpendicular to the axis of the windrow so as to establish a horizontal face
approximately two feet wide and three feet deep. Using a flat-nose shovel, the face was
scraped from bottom to top until fifty pounds of material was attained. Fifty samples were
collected in this manner at 100-foot intervals.

Sampling from the compacted base was done as follows: The sample was taken from
an area of three square feet (2’ x 1.5'). A pick and shovel were used to remove material
from a depth of two inches. This was done very carefully so as to disturb as little material
as possible. Thirty-one samples were collected in this manner at 200-foot intervals. The
location of the sampling alternated from outer wheel track to center of lane to inner wheel
track. All sampling was done in one lane. On each project, one deviation from this sampling
technique took place at Stations 10+00, 24+00 and 38+00. At each of these stations,
samples were taken from each location; outer wheel track, center of lane and inner wheel

track.

After the roadway had been in service for several years, samples were taken again this
time by digging through the bituminous mat. The number of samples taken on each project
was determined statistically based on the variation in degradation of samples of the material
taken from windrow and compacted base immediately after construction. Locations were
chosen randomly, but again limited to outer wheel track, center of lane and inner wheel

track.



PROJECT DESCRIPTIONS AND RESULTS OF FIELD STUDIES

The projects included in this study are summarized in Table 1 and described in the

following paragraphs.

T.H. 1 (GRAVEL AND LIMESTONE)

During the summer of 1971, a project was sampled to determine the amount of deg-
radation that occurs on a limestone/gravel base material. A project with a medium amount
of traffic was needed to determine if and when degradation occurs. Marshall County in
northern Minnesota provided a job which met these needs. It was on T.H. 1 from the Red
River to the North, Bridge No. 9100, to Division Street in Warren. The ADT was 922.
The base material was from a Gray Drift glacial deposit and contained 54 percent lime-
stone. Due to the sandy subbase, the contractor decided not to windrow the base material

as it was laid in order to prevent contamination of the base material with the subgrade.
Therefore, samples were taken from the stockpile rather than from the windrow. Samples
were also taken from the compacted base. After three years in service, samples were taken

through the bituminous mat to evaluate the effects of traffic and/or frost.

As summarized in the following table, the gradations indicate that little if any degra-

dation took place during construction or after being placed in service.

Average % Passing No. 200 Sieve

1971 1971 1974
Stockpile Compacted Base Under Mat
4.6 5.1 4.8

T.H. 6 (IGNEOUS GRAVEL)

To determine the amount of degradation of an igneous gravel type base material from
a Red Drift glacial deposit, sampling was done on S.P. 1802-17, located on T.H. 6 in Crow
Wing County. Construction was begun in 1971. This project was located between two miles
north of T.H. 210 in Crosby and the town of Emily. The base material consisted of Class 5
aggregate; thickness was 4-1/2 inches. During construction, samples were taken from the
stockpile and compacted base. Three years later, samples were taken through the bitumin-

ous mat.
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Table 1. Description of degradation projects.

County

Marshall

Crow Wing
Brown and
Watonwan

Olmsted

Olmsted

Winona

Location

T.H. 1 from Red River of the North, Bridge No.

9100, to Division Street in Warren and on T.H.
220 from Alvarado to the eastern junction of
T.H. 1.

T.H. 6 between 10 miles north of T.H. 210 in
Crosby and the town of Emily.

T.H. 15 for 15 miles and Third Street North-
west in Madelia to one mile south of Searles.

C.8.A.H. 15, from Junction C.S.A.H. 25 to 2.6
miles south.

C.5.A H. 2 east of T.H. 42 northeast of
Rochester from Junction with T.H. 42 to
approximately 3 miles east.

C.S.A.H. 25, 3/4 mile north of intersection
with T.H. 14 at Lewiston to 2.5 miles north

Average Daily Year
Base Material Traffic Constructed
Gravel/ 922 1971
Limestone
Gravel/ 840 1971
Igneous
Gravel/ 1237 1971
Shale '
Crushed Rock <300 1965
(Limestone)
Crushed Rock <200 1965
(Limestone)
Crushed Rock 372 1967

(Limestone)



The summary of gradation test results, as shown in the table below, indicates that for

this material degradation occurs during construction but not while in service.

Average % Passing No. 200 Sieve

1971 1971 1974
Stockpile Compacted Base Under Mat
4.6 6.3 6.0

T.H. 15 (GRAVEL/SHALE)

To determine the amount of degradation on high-shale-content gravel, tests were
run on the material used on T.H. 15 in Brown County. Construction sampling was done
in October of 1971. The base consisted of five inches of Class 6 gravel and was from a
Gray Drift glacial deposit. Before compaction took place, samples were taken directly
behind an autograder which spread the material. Samples were taken again after compac-
tion. To determine the effect of frost and traffic on the aggregate, samples were taken in

the fall of 1974 (after three years of service) and again in 1980 (after nine years of service).
This material had one of the highest amounts of material breakdown, occurring
both during construction and after being placed in service. Below is a table summarizing

the test results.

Average % Passing No. 200 Sieve

1971 1971 1974 1980
During Placement Compacted Base Under Mat Under Mat
6.9 8.4 9.8 10.4

OLMSTED C.S.A.H. 15 (LIMESTONE)

Construction on this job began in 1965. The project was located southwest of
Rochester extending 2.6 miles south of the intersection with C.S.A.H. 25. Work consisted
of placing and rolling four two-inch layers of crushed rock plus a bituminous surface. Only

the top two-inch layer was sampled for this investigation. The base material was a quarry



limestone from the Galena Formation with an LA.R. loss of 22.6 percent. Sampling was

done during construction in 1965 and periodically after being subjected to traffic, in 1968,
1971 and 1980.

The results of the gradation tests indicate that most of the degradation took place
during compaction. The effect of traffic and/or frost appeared to be minimal, although the

samples taken in 1980 did show some degradation. The table below gives a summary of the
results.

Average % Passing No. 200 Sieve

1965 1965 1968 1971 1980
Windrow Compacted Base Under Mat Under Mat Under Mat
10.0 11.8 115 11.7 13.8

OLMSTED C.S.A.H. 2 (LIMESTONE)

In 1965, a second project located northeast of Rochester was begun. This project
was located east of T.H. 42 on County State Aid Highway 2 in Olmsted County. Traffic

volume was low with an ADT of less than 200. The base material used was a crushed rock
limestone aggregate from the Platteville Formation; the L.A.R. was 24.6 percent. Sampling
was done during construction in 1965 from the windrow and compacted base and after

being exposed to traffic in 1968, 1971 and 1980.

The results show that a considerable amount of degradation occurred during compac-

ting and continued after the road was placed in service. The results are shown below.

Average % Passing No. 200 Sieve

1965 1965 1968 1971 1980
Windrow Compacted Base Under Mat Under Mat Under Mat
9.9 11.6 327 13.2 14.6



WINONA C.S.A.H. 25 (LIMESTONE)

- This Winona County project was constructed in 1967. It was located from the junction
with T.H. 14 in Lewiston to 3.6 miles northeast. The material was quarried from the Prairie
DuChien Formation and has an L.A.R. of 29.1 percent. The projected ADT was 372. The
base consisted of five inches of Class 3 limestone which was placed in two layers. Samples
of aggregate were taken from the windrow during construction, from the compacted base

and through the bituminous mat in 1972.

The results which are summarized below tend to indicate that significant degradation

has taken place.

Average % Passing No. 200 Sieve

1967 1967 1972
Windrow Compacted Base Under Mat
8.7 9.7 11.2

The gradation changes from each project are given in Table 2.



Table 2. Increase in percentage passing No. 200 sieve from initial gradation.

Percentage Increase

After After After After After

Project Compaction 3 years 5 years 6 years 9 years
T.H. 1 (Gravel and Limestone) 0.5 0.2 - - -
T.H. 6 (Igneous Gravel) 1.7 1.4 - - -
T.H. 15 (Gravel/Shale) 1.5 29 - - 3.5
Olmsted C.S.A.H. 15 (Limestone) 1.8 1.5 - 1.7 -
Olmsted C.S.A.H. 2 (Limestone) o 2.8 - 33 -
Winona C.S.A.H. 25 (Limestone) 1.0 — 2.5 - -

NOTE: Initial gradation is that of stockpile or windrow,

After

15 years

3.8

4.7



LABORATORY STUDY

Following sampling, all specimens were sent to the Materials and Research Laboratory
in St. Paul for testing. The following were the tests run for determining the quality of the
aggregate base material. Also shown are the number of tests required for each material along
with the AASHTO designation number. The results are shown in Table 3. Little correlation

was found between results of laboratory quality tests and amount of degradation.

1. Los Angeles Rattler - 10 for each material.
AASHTO T96.

2. Magnesium Sulfate - 3 for each material.
AASHTO T104-46 alternate B procedure,

Modified Minnesota Highway Department (now Mn/DOT) Manual No. 5-695,
Test 1219.

3. Freeze-Thaw - 3 for each material.
Minnesota Highway Department (now Mn/DOT) Manual No. 5-695, Test 1220.

4. California Durability - 3 for each material.
Test Method No. California 229-E.

5. Insoluble Residue - 10 for each material.

6. Petrological Examination - 10 for each material.

9.
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Table 3. Quality test results.
Los Angeles Magnesium California Insoluable
Project Rattler Sulfate Freeze-Thaw Durability Residue
T.H. 1 (Gravel and Limestone) 22.4 6.5 3.3 - 66.6
T.H. 6 (Ingneous Gravel) 20.6 4.2 1.7 78 96.1
T.H. 15 (Gravel/Shale) 26.1 18.6 9.7 66 68.7
Olmsted C.S.A.H. 15 (Limestone) 22.6 39.4 36.3 71 o
Olmsted C.S.A.H. 2 (Limestone) 24.6 32.1 26.3 66 -
29.1 13.6 3.5 = -

Winona C.S.A.H. 25 (Limestone)




SUMMARY OF FINDINGS AND CONCLUSIONS

Results from the gradation tests indicate some variability caused by sampling and/or
testing error. This limits the number of findings and conclusions that can be made from this

study. However, trends from the results indicate the following:

1. Some degradation of the granular base course material occurred on all six projects.
This took place both during compaction of the base and under service due to the

effects of traffic and the environment.

2. None of the quality tests conducted proved acceptable in identifying the suscep-
tibility of an aggregate to degrade.

3. No attempt was made in this study to correlate base degradation with roadway
performance. Such an analysis would require the use of a repeated load triaxial

testing machine.
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