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Introduction: Unsafe conditions exist on aggregate
surfaced shoulders when material erodes either
from vehicular means or from erosion caused by
wind, rain, and other forces. Most of the material is
unrecoverable and therefore wasted. This adds to
the labor, equipment, and additional costs of
maintaining the shoulder. The following results are
from a study sponsored by the Mn/DOT
Maintenance Operations Research Fund and the
Mn/DOT Office of Materials.

Based upon input from maintenance supervisors;
the project monitored the field performance of
several aggregates and stabilization treatments
during a 2-year evaluation period. Materials were
evaluated along straight sections, vertical, and
horizontal curves where AADT conditions varied
from 3,000 to 25,000.

Aggregate gradation, shoulder drop-off, and erosion were monitored. Measurements also included
shoulder cross slope and photo documentation of shoulder condition.

Figure 1 Aggregates in ditch.

Table 1 Materials in Aggregate Shoulder Study

MATERIAL UNIT UNIT PRICE (2004)
Class 5 Granite Ton $6.25"
Class 7 Recycled Aggregate Cubic yard $9.80 "
Emulsified Penetrating Primer Asphalt Gallon $0.89 "
Mesabi Select ¥-in. minus Ton -
Ton $9.30°
Class 1 Cubic yard $10.13°
Ton $11.34°
Class 2 Cubic yard $25.00 °
Ton $8.02°
Class 5 Cubic yard $12.06 °

A Purchase price
® Average price bid to Mn/DOT

Construction:  Aggregate  shoulder
materials were placed using a shoulder
machine, water truck, and roller.
Several sites were stabilized using
emulsified asphalt cements (AC) and an
emulsified asphalt primer (AEP).

The AC was applied by at variable
rates using wand or hand tools to place
material where needed.

Figure 2 Mn/DOT placing aggregate shouldering material.



AEP stabilization was performed on freshly maintained aggregate shoulders an
in  accordance :

published by the asphalt emulsion
industry. Primer was used only as a
topical stabilization method, and no
rolling was performed subsequent to
application. During primer application
on super elevated sections, small
guantities were observed to run down
from the aggregate shoulder onto the
paved driving surface. The amount of
runoff caused minor streaking that

with

decreased over time.

guidelines

Figure 3 AEP applied as an aggregate shoulder stabilizer.

Table 2 Recommended Application Rates for AEP

SURFACE MATERIAL | % PASSING #200 | RECOMMENDED APPLICATION, GSY
Loose Sand O0to 10 (1.0t0 1.5)
Crushed Gravel O0to 10 (0.51t00.7)
Sandy Gravel 10to 20 (0.6t01.2)
Silty Gravel 20 to 50 (0.5t01.0)

Observations and test results: Baseline gradations were obtained by sampling the aggregate shoulder
materials from either stockpiles or newly placed aggregate shoulder test sections. The Class 5 and Class
7 aggregate products exhibited the best overall performance during the evaluation period.

Table 3 Aggregate Performance

AFFECTED
AGGREGATE 6-12 MmO SvimamTres| | SEeman TRAFFIC DIRECT AFFECTED = L
MATERIAL TREND SPEED TRAFFIC | BY RUNOFF
DAMAGE
Coarse#[ 4on #50- | shoulder High Low Yes Yes
Class 1 Finer on . Turning
#50-3/8-in. lane Low High ves ves
Finer on Coarser on Yes on
#20(i)n—3/8- #200-3/8-in. Shoulder High Low Sf(t)eeeps Yes
Class 2 5 - I pes.
(limestone) article
breakdown Shoulder Low High Yes
on wide 9
shoulders.
% minus . . IRutting, . houl iah
Mesabi Select Rutting Little gradation | Shoulder Hig Med NA NA
change.
finer on #30- Shoulder High Low No No
3/8-in.
Class 5
(granite) No_ Stable, Turning _
gradation supported | Low High No No
. ane
change. traffic.
Stable,
supported
(bleﬁlia;? L traffic. % AC
RCA ' decrease from | Shoulder High Yes No No
X 2.1t0 0.8.
aggregate) Finer on #50—

3/8-in.




Table 4 Stabilizer Performance

AFFECTED
6-12 MO 2-YEAR TRAFFIC DIRECT AFFECTED
VREASIEYT TREND TREND SECIlN SPEED TRAFFIC BY RUNOFF BY PLOW
DAMAGE
Erosion High
0, ! ’
Sound, 70% 10% Curves Low drifts from No NA
coated
Dilute AC coated lane
: 100% 100%
emulsions
coated, coated, Guard Hiah Low NoO NA
block edge drop | rail/culverts 9
cracking. off.
e v | Asoreaste
ing. shoulder not NA Curves High High No No
strips in HMA
eroded
shoulder
Majority no
Penetrating longer
asphalt emulsion visible. ** - Shoulde_r, High Low to No Yes**
. curves, hills high
primer Edge drop
off.

** primer sections had very short service life.

Description of variables and analysis results: The primary independent variables in this study were
environment and traffic. The effect of environmental exposure was estimated by the age of the aggregate
shoulder and the effect of traffic was estimated by using the most recent average daily traffic (AADT) and
heavy commercial average daily traffic (HCADT) values available from Mn/DOT traffic volume maps.
Primary dependent variables were shoulder drop off, cross section shape, and material degradation.
Shoulder drop off was measured in the field by measuring the distance from the pavement edge to the
surface of the aggregate shoulder. Cross section shape was estimated by measuring the slope of the
aggregate shoulder section. Material degradation was measured by comparing gradation analysis results
for samples obtained in the field with the gradation of the same material in new condition. Degradation
with was calculated using the difference in percent passing for a nest of sieves running from 0.075 to 37.5
mm (#200 to 1.5 in.). Degradation was also calculated for the overall average gradation change using all
sieves.

Correlations between independent and dependent variables were calculated for the entire study
network and for each material. For the purpose of this study, a strong relationship was assumed when
the correlation coefficient was greater the 0.75.

1. Atthe simulated network level:

a. Age was the only variable strongly correlated to edge drop off. Shoulder slope
measurements showed a less direct correlation with age, but it was found that the
relationship improved somewhat when traffic interactions were taken into account.
The interaction of average and heavy commercial traffic also showed some correlation
to slope.

b. Analysis of network level aggregate degradation produced no strong correlations to
either drop off or slope measurements. A weak relationship may exist between slope
and degradation on the 16 mm and 0.075 mm (5/8 in. and #200) sieves.

c. A correlation reversal appears to occur for all age-traffic interactions with respect to
degradation on the 16-mm (5/8-in.) sieve.

d. Moderately weak relationships were found to exist between degradation on the 19-
mm (3/4-in.) and 12.5-mm (1/2-in.) sieves and total accumulated traffic and also total
accumulated heavy vehicle traffic. A moderately strong relationship was found to
exist between age and edge drop off.

2. Performance of Class 1 gravel: with respect to age and traffic, drop off may be a weak
performance measurement in comparison to aggregate shoulder slope.

3. Performance of Class 2 limestone: drop off and slope showed strong correlations to primary
independent variables.

4. Class 2 limestone sections treated with penetrating primer: age, accumulated traffic, and
accumulated heavy vehicle traffic related well to degradation.




5. Crushed rock materials on MNROAD’s low volume road showed traffic loading, accumulated
heavy traffic and its transformations had high correlation values with respect to degradation on
fine sieves. Age has a high correlation to performance when comparing both materials and in
individual evaluations.

6. Performance of Class 5 granite: the primary independent variables correlated well to
performance. Also, it was observed that the age interaction with accumulated traffic had a
superior correlation compared to the age interaction with accumulated heavy vehicle traffic.

7. Performance of Class 7: the primary independent variables had strong correlations with drop
off and slope performance, and good correlations to aggregate degradation. It is observed
that interactions and transformations have superior correlation values for coarse aggregate
degradation.
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