
RESEARCH REPORT DOCUMENTATION PAGE 

1.  Report No. 

ND 98-04 
2.  Report Date

February 2005
3.  Contract No. 

N/A 
4.  Project No. 

H-8-999(003)
5.  Title and Subtitle

Use of Snowplowable Reflective Pavement Markers for Effective 
Delineation 

6.  Report Type

Work Plan 
Construction 
Evaluation 
Final 

7.  Project No.

NH-4-052(030)167 
8.  Project No. 

9.  Project No. 

10.  Project No. 

11.  Author(s)/Principle Investigator(s)

Gary L. Doerr, Rhaub Walker, Steve Henrichs 

12.  Performing Organization Name and Address

NDDOT M+R North Dakota DOT 
NDDOT OTHER* Materials and Research Division 
NDSU 300 Airport Road 
UND Bismarck ND 58504-6005 
UGPTI 
OTHER* 
*see supplementary notes

13.  Sponsoring Agency Name and Address

North Dakota DOT 
Materials and Research Division 
300 Airport Road 
Bismarck ND 58504-6005 

14.  Supplementary Notes

15.  Abstract 

Purpose and Need 
A supplement to the primary pavement marking system, is to install snowplowable reflective pavement markers.  A snowplowable 

reflective pavement marker would provide additional delineation when the primary marking system is reliable and provide a backup system during 
times when the primary marking system is unreliable.  It is also imperative that the raised pavement marker be resistant to the effects of snowplow 
activity. 

Objective 
 The objective of this study is to determine, primarily, the performance of the Stimsonite Reflective Pavement Marker when exposed to snowplow 
activity.  Performance characteristics of the reflector itself will be studied to determine what supplemental benefits it has to the primary pavement 
markings. 

Scope 
Two experimental sections of Stimsonite Lifelite snowplowable raised reflective markers were installed.  One section was installed on an 

urban Interstate highway exit ramp and the other section was installed on the turning lanes of a rural highway.  These sections will be evaluated 
annually for four years.  The reflective markers will be visually evaluated for wear and damage; and section personnel will be interviewed about the 
snowplowability and visibility of the raised reflective markers. 

The first set of raised reflective markers was placed on the southeast exit ramp (ramp 67) of the Intersection of I-29 and 19th Avenue 
North in Fargo, North Dakota as part of project H-8-999(003).   I-29 is classified as a Rural Interstate Highway. 
 The second set of raised markers were placed on US 52 approximately two miles southeast of Harvey, North Dakota at the intersection into a grain 
elevator terminal from RP 171.983 to RP 172.366 on project NH-4-052(030)167. US 52 is classified as a Interregional corridor. 

Summary 
Before a chip seal was placed on the US 52 test section, users of the grain handling facility near Harvey indicated that the markers were a 

great benefit in assisting the drivers to identify the lane markings in all types of weather.  The section personnel indicated that the markers showed 
up very well after sanding even when the paint markings are totally obscured with the sand.  A chip seal was placed on the US 52 test section and 
its application has reduced the visibility of the raised markers.  Masking a larger area around the raised markers may have reduced the loss of 
visibility caused by the chip seal. 

The markers at the Interstate 29 ramp installation are in a location that doesn’t appear to greatly affect the delineation of the ramp.  The 
markers are located outside the painted yellow edge line and aren’t very visible to traffic. 

The markers at both sites have shown some deterioration from age and wear from snowplows but the markers generally appear to be 
intact.  Damage to the ears of the markers doesn’t appear to have affected the performance of the markers.  The only damage that has affected the 
visibility of the markers is damage to the lenses.  At the Interstate ramp installation 1 of the 12 markers has a damaged lens and 4 of the 108 
markers at the US 52 installation have damaged lenses.16.  Key Words 
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for the facts and the accuracy of the data presented herein. The contents do not reflect the 
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Evaluation of Snowplowable Reflective Pavement Markers for 

Effective Delineation 

Purpose and Need 

There are many roadway segments in North Dakota that include sharp curves or 

unlighted areas that require caution when encountering them. Nighttime conditions 

sometimes make it difficult to identify markings, especially if the marking system is 

worn. Due to climatic conditions, pavement marking paints can wear off completely 

before maintenance forces can reapply the marking. 

An alternative, to supplement the primary pavement marking system, is to install 

snowplowable reflective pavement markers. A snowplowable reflective pavement 

marker would provide additional delineation when the primary marking system is 

reliable and provide a backup system during times when the primary marking system is 

unreliable. It is also imperative that the raised pavement marker be resistant to the 

effects of snowplow activity. Photo 1 shows an uninstalled Stimsonite Lifelite 101 LP 

raised reflective pavement marker. 

Photo 1- Stimsonite Lifelite 101 LP marker before installation. 
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Objective 

The objective of this study is to determine, primarily, the performance of the 

Stimsonite reflective pavement marker when exposed to snowplow activity. 

Performance characteristics of the reflector itself were studied to determine what 

supplemental benefits it has to the primary pavement markings. 

Scope 

Two experimental sections of Stimsonite Lifelite snowplowable raised reflective 

markers were installed. One section was installed on an Interstate highway exit ramp 

and the other section was installed on the turning lanes of a rural highway.  The 

reflective markers were visually evaluated for wear and damage; and section personnel 

were interviewed about the raised markers’ visibility and their effect on snow plows. 
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Location 

The first set of raised reflective markers was placed on the southeast ramp of the 

19th Avenue North interchange on I-29 (Exit 67) in Fargo, North Dakota as part of 

project H-8-999(003). I-29 is classified as a Rural Interstate Highway. 

The second set of raised markers was placed on US 52 approximately two miles 

southeast of Harvey, North Dakota at the entrance of a grain elevator terminal from RP 

171.983 to RP 172.366 as part of project NH-4-052(030)167. US 52 is classified as an 

Interregional corridor. 

Project NH-4-052(030)167, US 52 
2 miles SE of Harvey. 

Fargo 
Project H-8-999(003), Interstate 29 and 
19th Avenue North in Fargo (Exit 67) -
southeast ramp. 

Figure 1 - Project Location. 
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Project Historical Information 

Traffic 

The two-way traffic for US 52 is shown in Table 1. 

Year 
Passenger 

Car 
Trucks Total 30TH Max Hr Flex. ESALs 

1998 1,100 360 1,460 150 315 

2002 1,280 385 1,665 170 335 

2004 1,280 385 1,665 170 335 

Table 1 

The AADT of the southeast ramp of Interstate 29 exit 67 was 5,600 in 2002. The 

one-way traffic is shown in table 2. 

Year 
Passenger 

Car 
Trucks Total 30TH Max Hr Rigid. ESALs 

2004 6,670 80 6,750 675 60 

Table 2 

Design 

Stimsonite Lifelite 101LP raised reflective pavement markers are approximately 

10”x5.5”x1.76” and weigh approximately 5.5 pounds. They have a cast iron housing 

with a plastic prismatic reflector installed in it. They can be installed in existing HBP or 

PCC surfaces by milling out the necessary material and then being epoxied into place. 

After installation, the units should protrude out of the pavement no more than a quarter 

of an inch, thereby providing a low ramp angle and small impact area when exposed to 

snowplow blades. 

The first location of the experimental study is located on a ramp section in an 

urban setting. The markers supplement the solid yellow line representing the left edge 

line of an exit ramp. 

The second section of roadway is located 2 miles east of Harvey along US 52. 

This is a HBP roadway and is on a horizontal curve that includes turn lanes for a grain 

terminal. Markers were installed to complement the existing pavement marking system. 
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The markers placed contained reflectors that were two-way yellow, white/red or one-

way white. Appendix A contains the plans for project NH-4-052(030)167. 

Construction 

The first installation of the Stimsonite pavement markers took place on August 

18, 1998 and was located on the southeast exit ramp of Interstate 29 (Exit 67).  The 

markers used on this experimental section were equipped with one-way yellow 

reflectors. A grinding machine fitted with 18" and 20" diameter blades was used to cut 

slots into the pavement. Two-part epoxy, was used to secure the markers into the 

pavement, and was mixed by hand. 

Just after the grinding process was completed, the state inspector commented 

that several of the markers did not rest totally on the four leveling tabs. This is very 

important since this assures that the leading edges of the marker are below the 

pavement surface. After approaching the contractor on this condition the contractor 

responded that this was normal since the pavement surface is not always perfectly 

smooth and should not pose a problem. Twelve markers were installed. 

Construction of the experimental section on US 52 took place on August 25, 

1999 and September 15, 1999. At this installation, the contractor also mixed the epoxy 

by hand. Excess epoxy material was used in the installation in almost every case for 

these markers. The excess material was spread over the surrounding asphalt making a 

large gray “patch” that draws attention to the installation. Some of the excess material 

pooled in front of the reflectors, which may affect the amount of light that can reach the 

reflectors. This may decrease the distance through which the reflectors are effective. 

Photo 2 shows the typical installation of the Stimsonite raised pavement marker at the 

US 52 site. A total of 108 markers were eventually installed at this location. 
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Photo 2 - A typical installation of a raised pavement marker. 

Evaluation 

First Evaluation 

The first evaluation was completed in 2001. One marker on the US 52 

installation was partially removed because it was too high and caused some damage to 

a district snowplow. District Section personnel subsequently removed the portion of the 

marker that was too high. The marker is shown in Photo 3. 

Photo 3 - A marker that had been partially removed by Section 
personnel. 
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Some of the markers at the I-29 ramp had cracks or breaks at one of the ears 

that the marker rests on. No obvious reason for the damage was evident. The cracked 

and broken ears were all in the edge that the snowplow would hit first. Photo 4 shows a 

marker with a broken ear. There was no traffic or snowplow damage to any of the 

markers’ reflectors. All of the markers on the I-29 installation were in place and 

serviceable. Some oxidation of the metal casting had occurred but not to the extent 

that it had become a problem. 

Broken Ear 

Photo 4 – Marker with broken upper right ear. 
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In both installations the epoxy was mixed by hand. Some mixing problems were 

evident at the time of installation but no debonding was evident at this evaluation. 

During interviews with the Minot District maintenance personnel in the Harvey 

Section, they indicated that sanding during the icy winter months did not affect the 

visibility of the markers. Evidently the sloped face of the markers prevents them from 

being obscured by the sand. The Harvey Section personnel also have had favorable 

comments from the users of the grain terminal along the US 52 installation. 

The installation at the I-29 ramp seemed to collect sand in the area adjacent to 

the reflectors and is shown in photo 5. This may be due to the fact that traffic tends to 

use the inside of the curve and does not drive next to the markers, which could blow the 

material out of the recesses. The location of the markers, outside the yellow striping on 

the outside of the curve, makes them nearly invisible. Because the traffic is only on one 

side of the markers, the slush seems to build up and cover the markers during thawing 

weather. 

Photo 5 - Debris in recess of marker. 

Section personnel from the Fargo District indicated that the markers are 

extremely bumpy during plowing activities (The markers were most noticeable with 

maintainer plows during compacted snow/ice removal). With these markers being on 

NDDOT 8 Materials & Research 



Use of Snowplowable Reflective Pavement Final Report 
Markers for Effective Delineation 

the high side of the ramp and the outside of the curve, they got covered with slush and 

sand by the passing cars which moved the material to the outside of the curve. 

Second Evaluation 

The second evaluation for the US 52 section was conducted on August 14, 2002 

and the evaluation for the Interstate 29 ramp was conducted on September 9, 2002. 

Generally, the markers at both locations were in good condition and were serviceable. 

A marker, on US 52, had some damage to its top. This damaged marker is next to the 

marker that was removed by Minot District personnel the year before. Photo 6 shows 

the condition of this marker. Four other markers, on US 52, had cracked or damaged 

reflectors. Damage to the ears of the markers has continued. Five of the markers on 

the Interstate 29 ramp had damaged ears and 18 markers on US 52 had broken or 

cracked ears. The casings have continued to oxidize but are intact. Photo 7 shows an 

oxidized marker with a cracked ear. Some epoxy has chipped or cracked but this does 

not appear to be a problem. 

Photo 6 – A damaged marker at the US 52 test section. 
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Broken Ear 

Photo 7 – Marker with oxidized casing and a broken lower right ear. 

Damage to the markers may be due to the markers not being installed level and 

even with the pavement. It was noted, at the installation of markers at the Interstate 29 

ramp that the markers were not even with the pavement. Uneven installation was 

probably responsible for a portion of one marker being removed because the marker 

was too high and also for damage to the top of an adjacent marker. A lack of contact 

with the pavement may be contributing to the damage to the ears. The ears are 

relatively thin tabs of metal and without pavement contact they are in an exposed and 

unsupported position. 

During the second evaluation, Minot Section personnel had positive comments 

about the performance of the raised markers. They said that the raised markers greatly 

aided visibility of the lane markings and did not cause any maintenance difficulties other 

than that the snowplows had to operate at slower speeds. 
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Third Evaluation 

The third evaluation for the US 52 section was conducted on September 22, 

2003 and the evaluation for the Interstate 29 ramp was conducted on August 13, 2003. 

The US 52 section had been chip sealed in the summer of 2002. The raised markers 

had been masked during the application of the chip seal but chip seal material partially 

obscured the reflectors of many of the raised markers and in some instances, the 

highest point of the raised marker was lower than the surrounding chip seal. Minot 

Section personnel stated that the raised markers were still visible at night but not as 

visible as before application of the chip seal. They also stated that the raised markers 

had much less effect on the snowplows. Photo 8 and Photo 9 show the condition of the 

raised markers after application of the chip seal. To have avoided reducing visibility of 

the raised markers, the chip seal material should have been kept several feet away 

from the reflector. 

Photo 8 – Two raised markers that are partially obscured 
by chip seal material. 
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Photo 9 – A raised marker on the US 52 test section after 
application of a chip seal. 

Damage to the raised markers has increased since the second evaluation. Nine 

raised markers had damaged ears at the Interstate 29 ramp and two markers had 

cracked lenses. It didn’t appear that the damage was affecting the visibility of any of 

the raised markers at the interstate 29 ramp. The US 52 section had 38 raised markers 

with damaged ears and three with damaged lenses (including the marker that had been 

partially removed by maintenance forces in 2000). The lens of one other raised marker 

had been partially removed and is shown in Photo 10. Chip seal material covered 

many of the ears and their condition could not be assessed. The large increase in 

cracked ears at the US 52 section may be because snowplow speeds have increased 

since the chip seal was applied. The snowplows may now operate at higher speeds 

because very little of the cast iron housing is above the surface of the pavement.  The 

ear of the cast iron housing is on the portion of the marker that typically remains above 

the pavement surface. 
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Photo 10 – A marker with a broken lens at US 52. 

Fourth Evaluation 

The fourth evaluation of the Interstate 29 ramp installation was completed on 

September 2, 2004 and the evaluation of the US 52 installation was completed on 

November 24, 2004. All of the raised markers had damaged ears at the Interstate 29 

ramp and two markers had cracked lenses. One other marker had a heavily damaged 

lens and is shown in Photo 11. Damage to the US 52 section remained unchanged 

from the previous evaluation. Thirty-eight raised markers had damaged ears and there 

remained a total of four markers with damaged lenses (including the marker that had 

been partially removed by maintenance forces in 2000). It was difficult to assess the 

number of broken ears because many of them were covered by the chip seal material. 

At both sites, the lenses of some of the markers had become somewhat cloudy but the 

cloudiness didn’t appear to greatly affect the performance of the lenses. 

A project is scheduled for 2006 that will reconstruct the ramp at the Interstate 29 

ramp installation.  There are no current plans to reinstall the raised markers. 
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Photo 11 – A marker with a damaged lens at the Interstate 29 
ramp installation. 

Summary 

Before a chip seal was placed on the US 52 test section, users of the grain 

handling facility near Harvey indicated that the markers were a great benefit in assisting 

the drivers to identify the lane markings in all types of weather. The section personnel 

indicated that the markers showed up very well after sanding even when the paint 

markings are totally obscured with the sand. A chip seal was placed on the US 52 test 

section and its application has reduced the visibility of the raised markers. Masking a 

larger area around the raised markers may have reduced the loss of visibility caused by 

the chip seal. 

The markers at the Interstate 29 ramp installation are in a location that doesn’t 

appear to greatly affect the delineation of the ramp. The markers are located outside 

the painted yellow edge line and aren’t very visible to traffic. 

The markers at both sites have shown some deterioration from age and wear 

from snowplows but the markers generally appear to be intact. Damage to the ears of 

the markers doesn’t appear to have affected the performance of the markers. The only 

damage that has affected the visibility of the markers is damage to the lenses. At the 

Interstate ramp installation 1 of the 12 markers has a damaged lens and 4 of the 108 

markers at the US 52 installation have damaged lenses. 
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Maintenance personnel emphatically stated that they had to slow down while 

plowing as the vibration was felt inside the cab and damage to the plows could result. 

Recommendation 

The snowplowable raised reflective pavement markers at both sites were able to 

resist damage from snowplows. Of the total of 120 markers placed, only five markers 

were damaged enough to effect their visibility. The damage to most of these markers 

may be repaired by replacing the lenses of the markers. The raised markers were able 

to improve the delineation of the lanes at the US 52 installation but were not in a 

position to improve delineation at the Interstate 29 ramp installation. 

Snowplowable raised reflective pavement markers are recommended for 

locations with unusual or unexpected geometry that require a greater degree of 

delineation than average. Recommended locations would include areas where lanes 

divide, merge, or narrow. Preferable locations would be locations where snowplows 

already operate at a reduce speed. 

The application of a chip seal greatly reduced the visibility of the raised markers 

at the US 52 installation. Because the application of a chip seal can greatly affect the 

visibility of the raised markers, either the area around the raised marker should be 

masked or the area completely avoided. 
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