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Comparing the Cost-Effectiveness of
Asphalt Binders for Local Roads

What Was the Need?

Polymer-modified binders (PMBs) compared to unmodified
asphalt binders improve the performance of asphalt pavements.
Used in the U.S. for many decades, PMBs decrease rutting,
fatigue cracking and low-temperature cracking, which is partic-
ularly useful in Minnesota’s cold winter temperatures.

Although the initial costs of using PMBs on high-traffic roads
are greater than for unmodified binders, the performance bene-
fits are clear—longer intervals before maintenance is needed—
and justify their higher costs. As a result, many local agencies
already use grade C binders, which contain PMBs, in new road
construction.

Whether the modified binders are cost-effective for lower
volume local roads, however, is not clear. Unmodified grade

B binders are generally a cheaper option, at least initially, for
counties that are paving low-volume roads. On the other hand,
a pavement’s shorter life span and increased maintenance needs
may cost more over the long term. The Local Road Research
Board wanted to understand whether PMBs are worth the
initial higher costs for lower volume roads.

What Was Our Goal?

Asphalt containing
polymer-modified binders
may cost more initially

but perform better in

the long run. Comparing
performance and life

cycle costs of modified

and unmodified binders,
researchers found modified
binders are more
cost-effective, even for local
low-volume roads.

The goal of this project was to compare the cost-effectiveness of asphalt binders modified with

polymer to unmodified asphalt binders used on lower volume roads.

What Did We Do?

A review of existing literature on PMBs, including laboratory testing and field observations,

illustrated the material’s superior performance in pavement. Researchers also reviewed previous

life cycle analyses and cost-effectiveness studies to understand the methods for comparing costs

The disk-shaped compact

tension test is a standard way to

understand the crack resistance
of asphalt.

and benefits of PMBs in pavement under various circumstances. Lastly, they reviewed the limited
existing case studies of PMB use on low-volume roads.

MnDOT’s Office of Materials and Road Research provided historical data on pavement perfor-
mance using grades B (unmodified) and C (modified) binders in new construction. Analyses of
ride quality index and surface rating identified the effects of polymer modifications on pavement
performance.

Laboratory testing of seven samples each of grade B and C binders previously used in

Minnesota demonstrated differences in strength, including stress-strain curves, and the ability to
resist low-temperature cracking. Investigators then examined a variety of asphalt mixtures pre-
pared with grade B or C binders for fracture energy to aid in predicting likely repair schedules.
MnDOT provided results for 88 mixes and researchers tested eight other mixes in the laboratory.

These performance differences and estimated rehabilitation schedules were used in a life cycle
cost analysis comparison of the construction costs of identically structured asphalt pavements
with one using grade B binder in the top layer and the other using grade C binder. Then using
MnDOT’s Pavement Design Manual, which details crack treatment, milling and overlay, chip
sealing and other treatments needed over a pavements lifetime, investigators calculated the age
differences when the treatments would be needed for each of the two asphalt pavements.
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“This research confirmed
the benefits of polymer-
modified binders we've
been hearing about. The
extra costs are likely
justified, even on lower
traffic roads, due to the
longer life cycle of a road
paved with these binders.”

—Jed Nordin,
Engineer/Public Works
Coordinator, Hubbard
County Highway
Department

“In addition to confirming
the superior performance
of PMBs in avoiding
low-temperature cracking
and how that benefits
Minnesota’s pavement, we
developed a step-by-step
process for performing a
life cycle cost analysis that
can be applied in other
contexts.”

—Mihai Marasteanu,
Professor, University of
Minnesota Department
of Civil, Environmental
and Geo-Engineering
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Using PMBs in asphalt is more cost-effective than unmodified binders due to the
longer life span and decreased maintenance requirements. Adding costs saved by
the traveling public due to fewer road closures increases the cost-effectiveness.

What Did We Learn?

While previous research illustrated the superior performance of PMB asphalt mixtures, the few
studies evaluating the cost-effectiveness for using the material on low-volume roads had mixed
results.

A review of historical performance data in Minnesota was consistent with previous research and
showed, in general, an improved performance of grade C binders over grade B binders in new
construction. In the laboratory, researchers found grade C binders had a higher low-temperature
cracking resistance than grade B binders by observing lower thermal stress, superior strength in
general and a higher failure strain threshold. On average, investigators found the asphalt mixes
containing grade C binders provided approximately 50% more fracture energy compared to
grade B binders, which indicated a better cracking resistance at low temperatures.

The life cycle cost analysis showed that using grade C PMBs in new construction would extend
pavement life by six years over pavement using grade B unmodified binders. Given the initial
construction costs of each mixture, researchers estimated using grade C binders could result in a
14.4% cost savings over the pavement’s life, noting that this estimate did not include road user
cost savings from decreased maintenance time.

What’s Next?

These study results can give local road engineers more confidence that using PMBs is likely
cost-effective, even on low-volume roads. While the construction costs calculated in this project
for asphalt using a PMB provide a general estimate for comparison, there are many variables
and uncertainties with petroleum-based material costs. Also, an accurate benefit—cost analysis of
pavement depends on accurate predictions of field performance. As more field performance data
becomes available, cost comparisons will become more precise.

This Technical Summary pertains to Report 2023-19, “Cost Estimate of B vs. C Grade Asphalt Binders,”
published May 2023. More information is available ar mdl.mndot.gov.


https://hdl.handle.net/20.500.14153/mndot.13784
http://www.mndot.gov/research




Accessibility Report





		Filename: 

		Cost-Effectiveness_Asphalt_Binders_202319ts_REM_20230623.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 1



		Passed manually: 2



		Failed manually: 0



		Skipped: 1



		Passed: 28



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Needs manual check		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



