








 
Picture 1:  Participants examining ABAS system 
 
 

 
Picture 2:  Examining squeegee blade system 
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Picture 3:  Squeegee blade system 
 
 

 
Picture 4:  Discussing new approaches 
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Picture 5:  Explaining the ABAS system 
 
 

 
Picture 6:  Iowa DOT snowplow with squeegee blades 
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Picture 7:  Iowa DOT snowplow with ABAS system 
 
 

 
Picture 8:  Discussing squeegee blades 
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Picture 9:  Checking out the snowplows 
 
 

 
Picture 10:  Snowplow with squeegee blades 
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Picture 11:  More group discussions 
 
 

 
Picture 12:  Checking out the snowplows 
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Picture 13:  More snowplow discussions 
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Introduction 
 
The Iowa Department of Transportation has been testing a variety of multiple 
plow designs to help improve removal of snow and ice from the roadway surface 
with the ultimate goal of removing all snow and ice from the roadway in one pass.  
If more snow and ice can be removed from the roadway surface with each pass, 
less deicing materials should be needed to melt the snow and ice on the 
roadway, motorists should experience better in-storm pavement conditions and 
roads should return to normal faster after the end of a winter storm.  
Observations during plowing operations hint that up to a half inch of snow is often 
left behind a plow during snow removal operations.  Any deicing material 
dispensed from the truck will then be required to work on the snow and ice left 
behind the plow in addition to any freshly fallen snow.  Removing as much 
material as possible from the surface in one pass will also remove much of the 
moisture from the roadway which should increase the evaporation process. 
 
The Iowa DOT has investigated adding different components to the main plow to 
determine if they can improve the snow removal process.  Several different plow 
configurations have been built over the last three years and tested during winter 
maintenance operations.  The current design incorporates a standard plow with 
an attached scarifying blade and squeegee blade.   
 
On September 12, 2007 tests were conducted in Bedford, Iowa comparing four 
test vehicles with different multiple blade configurations to a standard plow 
representing plows currently in use at the Iowa DOT.   
 
Test Plows 
 
The following is a description of each plow configuration used in the test: 
 
Vehicle 1- (A31373) This is a standard plow that has been modified to add a 
contour following feature developed by the local shop (Figures 1-2).  The flexible 
edge system is incorporated into the bottom of the moldboard and the blade is 
then attached to the flexible edge system.  The flexible edge system incorporates 
rubber to allow the blade to adjust easily to differences in the roadway surface.  
The flexible edge is segmented into 24 and 36 inch segments which allows each 
segment to flex up to a half inch.  This plow is also equipped with a separate 
squeegee blade that can be activated when needed. 
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Figure 1  Flexible Edge 
 
 
 
 
 

 
Figure 2  Flexible Edge with rebar under blade to show the blades ability to adjust to roadway 
contours 
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Vehicle 2 (A30406)- This is a standard plow used by the state that has been 
equipped with a flexible blade attachment called the Active Adaptor Blade 
System (AABS)(Figures 3-5).  The AABS is attached to the moldboard and then 
the carbide blade is attached to the AABS.  The adapter integrates vulcanized 
rubber into the design to allow for movement of the carbide blade to keep the 
blade in contact with the roadway surface.   An independently controlled 
squeegee blade was attached behind the plow to help remove any material left 
by the main front plow.   
 

 
Figure 3  Plow with Active Adapter system 
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Figure 4  Squeegee blade attached to plow frame behind Active Adaptor System 
 
 

 
Figure 5  Active Adaptor System with rebar under blades to show ability to adjust to roadway 
contours 
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Vehicle 3 (A31156)- This vehicle is a Wausau, 12-foot, down-pressure plow that 
has been outfitted with an independently controlled scarifying blade and 
squeegee blade mounted directly behind the main front plow (Figures 6-7).  The 
scarifying blade can be used to remove hard snow/ice pack or can be used in 
conjunction with the other blades to clean the roadway closer to the surface.  The 
squeegee blade is also used independently or in conjunction with the other 
blades to remove any snow/ice left by the front plow. 
 

 
Figure 6  Wausau down pressure plow 
 

 
Figure 7  Wausau down pressure plow on road test area 
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Vehicle 4- (A28463) This is a standard snow plow used in the Iowa DOT fleet.  
Width of the plow is typically 11-feet (Figure 8).  This plow was considered as the 
control plow for this projects since it represents the standard plow used in snow 
removal operations. 
 
 
 

 
Figure 8  Standard Iowa DOT plow 
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Vehicle 5 (A29504)- This is an underbody plow from Bloomfield that has a 
squeegee blade mounted behind the underbody plow to remove any snow/ice left 
by the front main plow or underbody plow (Figures 9-10).  For this test no front 
plow was mounted on the truck. 
 

 
Figure 9  Standard Iowa DOT underbody plow with squeegee blade 

 
 
 

 
Figure 10  Squeegee blade in contact with road surface to remove slush and liquids 
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Testing Procedure 
 
To replicate snow on the roadway surface, sand blasting sand was used.    A 
frame made from pine was constructed to hold a consistent quantity of testing 
sand.  The four corners of the frame were painted on the pavement to make sure 
the frame could be repositioned in the same location after every test run.  The 
frame was filled with sand and then a worker used a board to strike-off the sand 
level to make sure each plow started with the same amount of sand for each test 
run.  The frame was removed and each truck moved through the test area with 
the plow down but each truck was stopped before the front tires encroached into 
the test area (since vehicle #5 was equipped with only an underbody plow it was 
allowed to drive through the test area).   Each truck went through the test area 
twice, once with the plow down and the second trip was with the plow and 
squeegee blade down (vehicle# 5 was only tested in the road test with the 
underbody plow and squeegee blade down).  The sand was vacuumed from the 
surface after each plow pass and placed in marked plastic bags for later 
weighing at the Materials Laboratory at Iowa DOT headquarters. 
 
The first tests were conducted near the Bedford garage on a level flat surface to 
see how the plows would perform on a relatively level roadway surface.  Tests 
were also done on the South-bound lanes of Iowa Highway 148 South of 
Bedford, IA.  The tests on Highway 148 represented a roadway with wheel ruts 
and uneven roadway surface to see if there was a difference in performance 
between the plows operating on a level surface and one on an actual roadway 
surface with some wheel ruts. 
 
The following photos show the steps used in the test on a level surface near the 
Bedford maintenance garage and also on Iowa Highway 148, South of Bedford: 
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Figure 11  Frame used to contain sandblast sand 

 
 
 

 
Figure 12  Filling frame with sandblast sand 
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Figure 13  Striking-off the top of the frame to make sure the same amount of sand was in the 
test area for each run 
 

 
Figure 14  Sand ready for run 
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Figure 15  Test plow runs through sand with squeegee blade activated 

 

 
Figure 16  Plow and squeegee blade clear sand from test area on second pass 
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Figure 17  Vehicle stops before encroaching into test area 

 

 
Figure 18 Collecting sand from frame after plow pass 
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Figure 19  Capturing sand for weighing 

 

 
Figure 19  Highway 148, South of Bedford, Ia- Test area 
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Figure 20  Profile of roadway to show wheel rut 

 
 

 
Figure 21  Plow approaching test area on Highway 148 test area 
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Figure 22  Collecting sand after plow passes through test area 

 
 
Data Collection results 
 
The vacuumed material collected after every pass was placed in a bag and 
marked with the vehicle number and pass number.  The following are the weights 
of the sand collected from the frame used in the test at the garage and on 
Highway 148: 
 

Frame at garage 114.6 pounds 

Frame on Highway 148 106.4 pounds 
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Vehicle results The following tables show the weight of sand left in the test area 
after each plow run. 
  
Vehicle # 1- Plow with Flex Edge system and squeegee blade 
Truck#- A31373 
 

Run# Test location Equipment Weight (pounds) 
1 Garage Plow only 3.0086 
2 Garage Plow and Squeegee 1.5538 
3 Road Plow only 3.394 
4 Road Plow and Squeegee 2.1685 

 
 
Vehicle 2- Plow with Active Adaptor system and squeegee blade 
Truck#- A30406 
 

Run# Test location Equipment Weight (pounds) 
1 Garage Plow only 2.836 
2 Garage Plow and Squeegee 1.5681 
3 Road Plow only 9.3619 
4 Road Plow and Squeegee 7.6864 

 
Vehicle 3- Wausau 12-foot down pressure plow with squeegee plow 
Truck#-  A31156 
 

Run# Test location Equipment Weight (pounds) 
1 Garage Plow only 5.8586 
2 Garage Plow and Squeegee 6.0052 
3 Road Plow only 14.224 
4 Road Plow and Squeegee 4.7902 

 
Vehicle 4-  Standard Monroe plow that represents most of Iowa DOT fleet 
(Control plow)  Truck#- A28463 
 

Run# Test location Equipment Weight (pounds) 
1 Garage Plow only 4.8828 
2 Road Plow only 25.652 

 
Vehicle 5-  Standard Iowa DOT underbody plow with squeegee blade 
Truck#-  A29504 
 

Run# Test location Equipment Weight (pounds) 
1 Garage Plow only 3.3204 
2 Garage Plow and Squeegee 2.3481 
3 Road Plow only 6.8762 
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Data Analysis: 
 
The following tables show the number of pounds of sand removed after each 
vehicle pass compared to the amount of sand that was present in the frame 
before the plows passed over.  The line marked in yellow is the control plow for 
these tests.  All analysis is based on how the other plows performed compared to 
the control plow. 
 

 
Garage Test 

 

Vehicle Blade Only  
Blade and 
Squeegee  

Percentage 
Difference 

1 3.0086  1.5538  68.18% 
2 2.836  1.5681  1.11% 
3 5.8586  6.0052  -0.13% 
4 4.8828  N/A  N/A 
5 3.3204  2.3481  0.85% 

 
Road Test 

 

Vehicle Blade 
Percent 
removed 

Blade and 
Squeegee 

Percent 
removed 

Percentage 
Difference 

1 3.394  2.1685  1.15% 
2 9.3619  7.6864  1.57% 
3 14.224  4.7902  8.87% 
4 25.652  N/A  N/A 
5 Not tested  6.8762  N/A 
 
 
The following charts show the percentage of sand removed from the roadway 
surface by each plow compared to the control plow (Vehicle# 4).  The first two 
charts show the results for the tests on a relatively flat surface and the last two 
represent the tests done on an actual roadway surface.   The control plow is 
given a score of 100% (represented by a dashed red line) and the other plows 
are rated against that level.  A plow with a number higher than 100% means it left 
more sand behind the plow than the standard Iowa DOT plow.  A number less 
than 100% means the plow left less sand behind the plow then a standard Iowa 
DOT plow.  
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Percentage of sand removed from roadway using only 
the plow compared to the control plow
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Figure 23.  Plow only on even surface 
 

Percentage of sand removed from roadway using plow 
and squeegee compared to the control plow
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Figure 24  Plow and squeegee on an even surface 
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Percentage of sand removed from roadway using plow 
only compared to the control plow
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Figure 25  Plow only on actual roadway 
 
 

Percentage of sand removed from roadway using plow 
and squueegee compared to the control plow
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Figure 26  Plow and squeegee on actual roadway 
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Weight of sand left by plow- Road test
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Figure 27.  Weight of sand left behind each plow during road test 
 
 
Conclusions 
 
In the tests conducted near the Bedford garage on a level surface there were 
only moderate differences in performance between the standard Iowa DOT plow 
and any of the test plows.  The standard plow in this test area removed 
approximately 96% of the materials from the surface while the best performer 
(Flex Edge) of the test plows was able to remove nearly 99% of the material 
using the plow and squeegee blade.  Though the difference in percentage 
between the test and control plow appear to be small the percent of material left 
when compared to the control plow is actually about one third less (Figure 24) for 
the Flex Edge system.  
 
The road test portion of this evaluation on a wheel rutted road shows the 
standard Iowa DOT plow removing approximately 76% of the material from the 
roadway while the best performer (Flex Edge) of the test plows was able to 
remove approximately 98% of the material, an improvement of approximately 
22%.  Figure 26 shows the Flex Edge system left about one-twelfth the amount 
of sand as the standard Iowa DOT plow in the test on an actual roadway surface.  
 
The gap between the segmented sections of the Active Adaptor System and Flex 
Edge System seem to be where the majority of the sand was found after each 
pass.  To allow flexibility in both systems the segmented areas are separated by 
approximately ¼ inch.  This allowed small windrows of sand to be left behind 
after each pass.  The windrows were included in all measurements.   
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If the test plows perform in snow conditions as they did when removing sand 
from the test areas, the amount of snow and ice removed from the roadway 
should be greatly increased with each pass.  More snow and ice removed from 
the roadway surface with each pass should reduce the amount of deicing 
chemical needed to treat the roadway and reduce overall material costs for snow 
removal.  The squeegee blade will help remove any snow left behind the front 
plow but will also be helpful in removing in excess liquids from the roadway.  
Less snow or liquids will help return the roads to normal much faster. 
 
We recognize that sand is not the same as snow but seemed to be the best 
method to test the experimental plows in a non winter event.  We also did not 
perform multiple tests for each plow but the results were good indicators that the 
experimental plows were an improvement over standard plows. 
 
During the winter of 2007-2008 the Iowa DOT will do additional field testing of the 
experimental plows during actual snow and ice conditions to determine if the 
improvements found in the sand tests are also seen under actual conditions.  
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States 
 
Indiana 
William Burton 
Special Projects Manager 
Indiana Department of Transportation 
Seymour District 
185 Agrico Lane 
Seymour, IN 47274 
(812) 524-3934 
wburton@indot.in.gov 
 
Iowa 
Jim Dowd 
Winter Operations Research Analyst 
Iowa Department of Transportation 
800 Lincoln Way 
Ames, IA 50010 
(515) 239-1724 
Jim.Dowd@dot.iowa.gov 
 
Mike Hagen 
Garage Operations Assistant 
Iowa Department of Transportation 
Hanlontown Garage 
753 Hwy 9 
Hanlontown, IA 50444  
(641) 896-3100 
Michael.Hagen@dot.iowa.gov 
 
Minnesota 
Kelvin Smith 
Shop Supervisor 
Minnesota Department of Transportation 
District 3 - St. Cloud 
3725 12th Street N. 
St. Cloud, MN 56303 
(320) 223-6560 
Kelvin.Smith@state.mn.us 

Ohio 
John Thorpe 
Transportation Manager  
Ohio Department of Transportation 
Stark County - District 4  
2088 S. Arlington Road  
Akron, OH 44306 
(330) 325-7996 
john.thorpe@dot.state.oh.us 
 
Wisconsin 
Larry Adlebush 
Shop Superintendent  
Brown County Highway Department 
2198 Glendale Avenue 
Green Bay, WI 54303-6495  
(920) 662-2177 
 
Kurt Wranovsky 
Northeast Region 
Wisconsin Department of Transportation 
944 VanderPerren Way 
Green Bay, WI 54304 
(920) 492-5645 
kurt.wranovsky@dot.wi.gov 
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Vendors 
 
Flink Company 
Duane Kruger 
General Sales Manager 
502 Vermillion Street 
Streator, IL 61364 
(815) 673-4321 
duane@flinkco.com 
http://www.flinkco.com 
   
Henderson Products Inc. 
Mark Hollinrake 
Vice President 
1085 S. 3rd Street 
P.O. Box 40 
Manchester, IA 52057 
(563) 927-7227 
MHollinrake@hendersonproducts.com 
http://www.henderson-mfg.com / 
http://www.henderson-mfg.com/squeeg_plow.htm 
 
Henke Manufacturing 
Steve Kullberg 
Plains Sales Manager 
3070 Wilson  
Leavenworth, KS 
(913) 682-9000, ext. 216 
SKullberg@henkemfg.com 
www.henkemfg.com 
 

Monroe Truck Equipment  
Don Gerber  
National Sales Manager  
1051 W. 7th Street 
Monroe, WI 53566 
(608) 329-8168  
dgerber@monroetruck.com  
www.monroetruck.com  
 
Monroe Truck Equipment  
Troy Redfearn 
District Sales Manager 
1151 West Main Avenue 
DePere, WI 54115 
(920) 360-4446 
tredfearn@monroetruck.com 
www.monroetruck.com 

 
 
 
 
 




