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SHOULDER SAFETY AND MAINTENANCE

Shoulder drop-off is responsible for thousands of
injury-related sideswipe, head-on, and road run-
off crashes in America every year.

Shoulders are critical roadway components.
They provide repose for vehicles to stop during
an emergency and a recovery area when
vehicles depart the driving lane. Granular
shoulder installation is inexpensive and
therefore is a commonly found roadway
section. However, they often result in a
condition called shoulder drop-off.

Shoulder drop-off is defined as a vertical
elevation difference of two inches or more
between the roadway surface and the shoulder.

Shoulder drop-offs become dangerous when
errant drivers unexpectedly swerve off the
paved roadway, which is sometimes inches
from the drive lane, and attempt to quickly
redirect their vehicle onto the road. The vertical
edge created by the paved roadway prevents
the vehicle from easily returning to the

roadway. The driver is forced to over steer to
compensate for the drop-off and can lose
control of the vehicle.

Shoulder drop-off creates a safety issue for
errant drivers.

Maintaining shoulders generally consists of
replacing the lost aggregate material, regrading,
and compacting. This is a temporary solution
and needs to be repeated frequently. The
money saved initially by constructing aggregate
shoulders is often surpassed by on-going
maintenance costs.

What Causes Shoulder Drop-Off?
OFF-TRACKING FROM TRUCKS

Off-tracking from trucks and heavy vehicles can
cause compaction or displace aggregate
material adjacent to the pavement’s edge. Off-
tracking can be particularly detrimental in areas
with soft subgrades or poor underlying soils.

FINE REMOVAL

Roads with high volumes of heavy trucks are
subject to fines removal. As trucks pass, they
cause a back draft that can displace fine

material and change the gradation of the
granular material. This creates a space for snow
melt and rain water. Once the drop-off begins
to form, wind and water can quickly erode the
shoulder and increase the drop-off depth.

SNOW PLOW BLADES

In cold climates, snow plow blades can scrape
the aggregate layer off of the shoulder section
and shift the material into the ditch, away from
the pavement edge.




Solutions — lowa State Study

Pavement drop off is a particular problem in
areas with soft subgrades or poor underlying
soils. A study performed by the lowa State
Center for Transportation Research and
Education (CTRE) field tested six roadway
sections with soft subgrades that were currently
experiencing shoulder drop-off or deep rutting.

The study used chemical and mechanical
shoulder stabilization methods. Sites were
monitored to determine the effectiveness of
different stabilization methods. At four sites,
the shoulder’s granular layer was stabilized
while the remaining two sites tested a stabilized
subgrade layer.

GRANULAR LAYER STABILIZATION
Stabilizers used on the granular layer included:

. Polymer emulsion
- Foamed asphalt

. Soybean oil

«  Portland cement

While the portland cement did provide
increased strength, the site showed signs of
pavement drop off within the study timeframe.

SUBGRADE LAYER STABILIZATION

Subgrade layer stabilization was achieved
through chemical means (class C fly ash) and
mechanical techniques (geogrids). The fly ash
stabilization was applied to the upper 12 inches
of the subgrade. After monitoring for 19
months, the study determined subgrade
stabilization with fly ash eliminated shoulder
drop-off and rutting issues.

The geogrid stabilization placed various types of
geogrid between the granular and subgrade
layers on the shoulder section. After ten
months of monitoring, the geogrid stabilized
shoulders showed greatly reduced pavement
drop off and rutting.

Solutions— Minnesota County Engineer Studies

The Minnesota County Engineers Association's
(MCEA) County Highway Safety Committee has
examined pavement drop off and offered
several recommendations. The Safety
Committee found geometric changes in
roadway design can reduce shoulder drop-off.

SHOULDER PAVING

Paving an additional two feet past the edge of
roadway striping reduces the fines removed by
passing trucks and allows drivers to recover on
pavement rather than driving onto the
aggregate. It is important to place the
additional two feet of paving to the right of the
edge stripe. Otherwise, drivers may adjust to
the wider section and drive along the
pavement’s edge. Paving an additional two feet

of shoulder reduces the frequency at which the
aggregate portion needs to be replaced.

Paving an additional segment of shoulder reduces
shoulder drop-off.




SAFETY EDGE

When bituminous pavement is resurfaced,
FHWA and MCEA recommend installing an
angled asphalt fillet between the roadway edge
and the shoulder. The fillet should be between
30 to 35 degrees to allow cars to safely recover
and reenter the driving lane without over
compensating.

Placing new aggregate grading material against
the fillet, flush with the new pavement
shoulder, eliminates the potential of a vertical
face. The fillet adds a minimal cost to a
resurfacing project, but can significantly reduce
severe injury and fatality crashes caused by
pavement drop-off.

The FHWA promotes installing an asphalt
wedge during pavement resurfacing projects. A
wedge angle between 30 to 35 degrees
provides optimum safety for all high speed
roadways. Paving contractors can install a
special edging device on paving equipment,
called a safety wedge shoe, to mold the Safety
Edge shape.

Although the Safety Edge greatly reduces the
hazard of a shoulder drop-off, it does not
eliminate the need for maintenance. MnDOT is
currently developing a technical memorandum
on use of the Safety Edge on pavement
projects.

http://safety.fhwa.dot.gov/roadway dept/pavemen

t/fhwasa09023/

Solutions— MnDOT Maintenance Research Study

For two years, MnROAD studied various
aggregate materials and stabilization
treatments to address shoulder drop-off. The
study monitored the field performance of
aggregate materials and stabilization
techniques.

Table 1 - Aggregate Performance
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Five aggregate gradations were placed on
different sites using a shoulder machine, water
truck, and roller. The gradation of the aggregate
materials was retested at intervals through the
two years. The best performance over the two
year analysis was achieved by the Class 5 and
Class 7 aggregate materials. They exhibited
minimal change in gradation and presented no
affect due to water runoff and plow damage.

Emulsified asphalt cement (AC) was applied to
several sites using a wand or hand tools. This
allowed the material to be placed only where
needed. Where dilute AC emulsions were
applied along low speed curves, only 70% of the
coating remained after six to twelve months
and 10% remained after two years and erosion
was evident. Where the dilute AC emulsions
were applied in an area of high speed traffic
with guard rails and culverts, 100% of the
emulsion remained after the two-year period.

Emulsified asphalt primer (AEP) was applied
over newly maintained aggregate shoulders at
several test sites as a topical stabilization
method. In high speed, high volume traffic

Table 2 - Stabilizer Performance

areas, the majority of the coating was no longer
visible after six to twelve months and pavement
drop-off was apparent.

Recycled aggregate can be used to stabilize
shoulders.

MnROAD also studied shoulder degradation in
areas with traffic calming rumble strips and hot
mix asphalt shoulders. The adjacent aggregate
shoulders showed no sign of erosion.

Sealing an aggregate shoulder with an asphalt
treatment eliminates erosion-related causes of
pavement drop-off.
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** primer sections had very short service life.




OTTA SEAL ROAD SURFACING TREATMENT

Otta Seal is a surfacing treatment that uses a
soft bituminous binding agent under a graded
aggregate to produce a lightly sealed road. Otta
Seal uses the same procedure as a chip seal,
using a graded (CL5) aggregate as an alternate
surface. MnDOT reviewed several sites within
Minnesota that had been surfaced with Otta
Seal, and found good performance results after
a period of six years. Only a routine
maintenance chip seal was needed in that time.

Otta Seals do not add to the structural integrity
of a roadway and should only be employed
where subgrade layers are adequate.

Although Otta Seal is used as a roadway surface
treatment, it may also have the potential to
stabilize aggregate shoulders.

For further information on Otta Seal, visit
MnDOT's website:
http://www.dot.state.mn.us/materials/bituminousd
ocs/Pavement%20Maintenance/OttaSeal 4-
pagerMRR 2008.pdf

What is the benefit?

Eliminating pavement drop-off increases driver
safety by reducing high-injury, high-fatality lane
departure crashes. The treatments and
techniques that prevent or reduce pavement-
drop-off are inexpensive and provide significant
safety benefits.

Secondary benefits of aggregate shoulder
treatments include decreased maintenance
such as regrading or replacing material,
resulting in reduced costs.

References

Pavement Preservation Toolbox
http://www.pavementpreservation.org/toolbox/gui
delines.html

lowa State report:
http://www.intrans.iastate.edu/pubs/t2summaries/
shoulder tr531.pdf

Minnesota County Engineers Committee on
Highway Safety:
http://www.mncountyengineers.org/plugins/p2000

download manager/getfile.php?categoryid=15&p20
00 sectionid=26&p2000 fileid=45&p2000 versionid

=45#files

http://www.mncountyengineers.org/plugins/p2000

download manager/getfile.php?categoryid=15&p20
00 sectionid=26&p2000 fileid=47&p2000 versionid
=47itfiles

MnROAD work:
http://www.mrr.dot.state.mn.us/research/pdf/2008
MRRDOC002.pdf

http://www.mrr.dot.state.mn.us/research/pdf/2003
MRRDOCO001.pdf

http://www.mrr.dot.state.mn.us/research/pdf/2008
MRRDOC010.pdf
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