
Tool Predicts Optimal Time to Apply Thin 
Polymer Overlays to Bridge Decks 
What Was the Need?
Chlorides from anti-icing and deicing activity penetrate 
reinforced concrete bridge decks, reducing their service 
lives. Over time, chloride even diffuses into undamaged 
concrete, causing corrosion when it reaches the level of 
reinforcing steel at a certain concentration. Bridge  
owners fight chloride-caused corrosion by limiting crack-
ing in deck materials and by slowing or preventing chlo-
ride diffusion. 

One strategy for limiting chloride diffusion is to coat a 
bridge deck with a thin polymer overlay (TPO). Though 
primarily used to improve traction for road users, TPOs 
also help slow moisture and chloride penetration. To 
prepare a deck for an overlay, crews first repair spalling, 
or loose, concrete and then clean the deck by shot blasting 
before applying a layer of polymer (usually epoxy resin) 
and small-sized aggregate over the surface. A second layer is often applied later. Two-
layer TPOs are 3/8 inch thick and cost about $4.50 to $5.50 per square foot. Concrete 
wearing courses, another effective treatment for mitigating chloride penetration, are 2 
to 3 inches thick and cost from $6 to $10 per square foot; however, placement requires 
at least seven days of traffic interruption. 

MnDOT expects TPOs to last 10 to 15 years. (A concrete wearing course may last 30 
to 40 years.) In practice, TPOs may be applied to new decks as well as old, but optimal 
timing for preventing chloride damage to rebar remains unknown. Corrosion initiates 
when chlorides reach a threshold concentration at the level of the reinforcing steel; 
TPOs lessen chloride concentration at the top, slowing the rate at which chlorides move 
down toward reinforcing steel. Timing TPO application to interrupt development of this 
threshold may extend deck service lives. 

What Was Our Goal?
The goal of this project was to study chloride penetration and the impact of TPOs in 
reducing chloride damage to bridges. Researchers would develop a rational method for 
identifying the most cost-effective timing for applying TPOs to extend the service lives 
of reinforced concrete bridge decks.

What Did We Do?
Following a literature search on chloride diffusion, researchers collected information 
on chloride penetration of Minnesota bridge decks. MnDOT provided chloride profile 
data from about 200 bridges—determined by drilling into decks, collecting the dust 
and examining the chloride content of the dust from different deck depths. Drawing on 
chloride profiles and properties of chloride diffusion, researchers determined the chlo-
ride diffusion coefficient (DC) for 82 bridges, some in service as long as 95 years. 

MnDOT then supplied the research team with 48 concrete cylinders and mix design 
records from 12 bridges built in 2015. Investigators subjected cylinders to a pair of com-
mon testing procedures to determine the chloride DC, evaluated these tests and created 
a model for determining the chloride DC in bridges with different material and thickness 
configurations. 
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Concrete has spalled off the 
bottom of the Grand Avenue 

bridge over Interstate 35 because 
of rebar corrosion from chloride 

penetration.
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Researchers developed 

a versatile spreadsheet 

tool that predicts chloride 

diffusion through bridge 

decks, allowing engineers 

to determine the best time 

to apply thin polymer 

overlays to protect the steel 

reinforcement bars in decks 

from corrosion. 
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Finally, researchers worked with MnDOT bridge engineers to create a spreadsheet-based 
tool for predicting service life outcomes and comparing life-cycle costs of initial designs, 
deck overlays and intervals between overlays. 

What Did We Learn?
Researchers developed an effective model for predicting chloride penetration in old and 
new bridge decks over time and between overlay applications. Investigators determined 
that bridge decks initially constructed with 30 percent fly ash in the concrete mix offer 
a chloride-resistant service life of roughly double that of concrete decks without fly ash. 
Lab studies identified NT Build 492 as the preferred test for determining DC and found 
that TPOs work as highly effective shields against further chloride penetration.

The spreadsheet tool requires a long program load time, but responds quickly to 
changes in inputs to reliably predict chloride diffusion for up to 100 years. Users can 
enter in situ deck properties such as thickness and steel reinforcement depth, crack-
ing thickness and spacing, and surface chloride concentration. The spreadsheet plots 
the amount of chloride that will penetrate to different levels over user-selected service 
times, the effect of overlays on chloride diffusion and the impact of milling and remov-
ing chloride-penetrating concrete.

What’s Next?
In addition to estimating the timing of TPO applications, the spreadsheet tool can be 
used to model concrete patching and milling, and replacing wearing courses; predict the 
service life of existing bridges and changes to service life from treatments; and poten-
tially assess concrete repair needs. Currently MnDOT is applying the tool to bridge case 
studies to help identify inputs that yield accurate predictions. Further study of chloride 
diffusion and reinforcement corrosion may identify additional corrosion factors, other 
elements relevant to timing overlays and the impact of epoxy coating on rebar perfor-
mance. 

MnDOT participates in the Midwest Bridge Preservation Partnership and will share the 
results of this study with members of the organization and other national committees.
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Left unprotected from chloride penetration, bridges like this St. Clair structure may require 
extensive repair work well before the bridge deck’s expected service life would suggest.

“This versatile tool will 
draw a lot of national 
interest. Current software 
predicts how new bridges 
will perform in 35 years, 
but it doesn’t look at 
existing bridges.”

—Paul Pilarski,
Metro North Region 
Bridge Engineer, 
MnDOT Bridge Office

“Overlays increase skid 
resistance on bridge decks 
and act like a big chloride 
shield. Timing the overlay 
to optimize life-cycle costs 
rather than applying an 
overlay just because funds 
are available—that’s a 
new possibility now.”

—Mary Vancura,
Principal Engineer, 
Beton Consulting 
Engineers, LLC
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