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Introduction & History

What’s in a Name?

• Buckling

• Blowup, blowups

• Tenting

• Upheaval

• Shattered slab

• Pressure damage

• Crushing

Image: Indiana DOT
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Description

• Localized upward movement or shattering of a slab along a 
transverse joint or crack

• Results from volumetric expansion that becomes restricted at 
the joint/crack, buildup of stresses, and release of pressure

Images: Washington State DOT; University of Pretoria

Description

• Buckling is relatively uncommon and failures are not always 
catastrophic, but they often require immediate attention and 
result in closures due to the safety hazard and need for repair

Images: Michigan DOT
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Basic Causes

Table 11.2, Guide for Concrete Pavement Distress Assessments and Solutions

Buckling History

• Engineering News-Record, 1925:
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Buckling History

• Two of the first comprehensive studies were published by Purdue 
University (1946) and the Illinois Division of Highways (1957)

• Strong correlation with coarse aggregate source (IN)
• Strong correlation with temperatures > 90°F and rain events (IL)

Images: Illinois Division of Highways (1957)

Buckling History

• Through the 1960s, many states dealt with hundreds per year

• Jointed Reinforced Concrete Pavements (JRCP) were 
particularly prone to buckling

• Typical transverse joint spacing: 25 to 100 ft

• Buckling was less common in JPCP pavements with joint 
spacing ≤ 20 ft & in CRCP

• Blowups often continued to be an issue post-HMA overlay

• Installing pressure relief joints sometimes helped prevent future 
occurrences of buckling, but often did not help
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Buckling History

• Buckling never disappeared, but there appeared to be a 
consensus by the 80s or 90s that it had largely been mitigated by 
modern concrete pavement design and construction practices

• Shift away from JRCP
• Use of better concrete materials

• Some of the advocates of leaving joints unsealed/unfilled around 
this time believed that joint opening and closing was no longer a 
significant issue

Re-assessing Concrete Pavement Buckling
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Present and Future Concerns

• Buckling is still relatively rare, but changes to today’s landscape 
have brought it back into the conversation

Image: WHO-TV

Wisconsin Study

• 2022 study by ARA for WisDOT

• Documents and analyzes buckling on 
Wisconsin concrete pavements

• Significant increase in recent years
• More frequent than in nearby states



10/11/2022

8

Climate Change

• Increasing temperatures, more frequent heat waves:

Images: US EPA; Fourth National Climate Assessment

2050:

2100:

Concrete Overlays

• Relatively new type of pavement design

• Buckling has emerged as an issue in recent years
• Observed in COA–B and COC–U overlays

Concrete Overlays as a % of Concrete Paving
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Major Questions

• Can we better understand the causes of buckling in today’s 
environment?

• Can we predict which pavements are most susceptible to 
buckling, or what types of conditions are most likely to cause it?

• Is there any type of preventative or proactive maintenance/ 
repair that can help stop buckling or minimize its impacts?

• What design changes can we make to prevent buckling?

Areas of Investigation
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Joint Sealing/Filling

• In Wisconsin, joints are generally left unsealed or unfilled

• The 2022 ARA study found more incompressible materials at sites 
experiencing buckling than at control sites

• Unsealed joints can also be more prone to intrusion of water and chemicals

• Likely a contributing factor to why buckling is more frequent in WI than in 
nearby states

Image: ARA (2022)

Joint Sealing/Filling

• Many agencies do not fill or seal joints on thinner (≤ 6 in.) concrete 
overlays with shorter joint spacings (6 ft x 6 ft)

• Opening and closing of the joints should theoretically be smaller, which 
should reduce potential for intrusion of incompressibles

• This assumption may not be correct…
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Joint Activation and Joint Opening

• Cracks don’t always form beneath saw cut joints on these types of 
concrete overlays

• Some joints may never activate, while others may become dominant joints 
that exhibit more movement and opening

• The working joint spacing could be significantly greater than designed

• 5 inch COA–B with 5.5 ft x 5.5 ft slabs, Worth County, IA:

Activated – wide working joint Activated – very narrow Not activated

Slab Migration

• Connected or correlated phenomenon 
of slab migration

• More prevalent in thinner overlays 
with short joint spacing

• Overlays ≤ 5 in. may not have tie 
bars at longitudinal joints

Image: Michigan Concrete Association
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Buckling in Concrete Overlays

• Panel movement often precedes and accompanies buckling in 
concrete overlays

Image: Concrete Paving Association of Minnesota

Moisture Damage

• Stripping in the underlying asphalt pavement (COA) or the 
asphalt interlayer (COC–U) has also been found at buckled 
concrete overlay sections

• Potential source of incompressibles at the joint

• Does rutting in existing asphalt contribute to
drainage issues?

• How well do we understand the role that moisture
plays in this process in general?

Image: Indiana DOT
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Preventative Maintenance and Repair Methods

Preventative Maintenance and Repair

• When failure occurs, full-depth concrete patches are best
• Asphalt can be used for a temporary patch, but not for long-term 

repairs – pavements that experience buckling usually aren’t finished

• Given the potential for recurrence, is there preventative maintenance that 
can be done on a susceptible pavement?

Image: ACPA, CO-WY Chapter
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Expansion/Pressure Relief Joints

• This is probably not the way to go…

• Historically not a consistently successful method

• They can end up closing very quickly, and have not successfully mitigated 
buckling on concrete overlays in Iowa

Sealant squeezed out of joint 
just weeks after placement of 
expansion joints

Image: ACPA, CO-WY Chapter

Relief Cuts

• If you see panels just beginning to tent up, or other signs of 
spalling or compression at the joint, relief cuts could help 
mitigate stresses and prevent a blowup

• This technique has been used recently in IA & MN with 
promising results so far

Image: Iowa Concrete Paving Association 
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Relief Cuts

Image: Iowa Concrete Paving Association 

Preventative Maintenance

• The relief cut method requires ability to monitor pavement 
sections and prior knowledge of susceptibility

• Future need: ability to predict what types of pavements might 
be most susceptible buckling

• Joint sealing/filling
• If a pavement has had buckling and the joints are not sealed, 

it’s not too late to clean out and seal the joints



10/11/2022

16

Design Considerations

Design Factors affecting Buckling

• Joint sealing/filling to keep incompressibles out
• Up-to-date guidance is generally in favor
• The value proposition increases with rising temperatures
• Should probably be a standard practice for concrete overlays 

with short joint spacing as well

• Use good, stable materials and durable mixes

• Ensure proper drainage design and practices

• Stabilized bases for full-depth concrete pavements should 
mitigate joint opening/closing
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Concrete Overlay Design & Buckling

• Thinner overlays appear to be fundamentally more susceptible to buckling
• Thinner slabs experience greater compressive stresses and may be 

more affected by variations in thickness
• It’s also more difficult to activate joints in thinner slabs

• Consider the potential for dominant joint behavior when designing joint 
spacing as well as overlay thickness

• Fiber-reinforcement generally reduces opening and closing of joints
• Use of fibers has anecdotally correlated with reduced buckling and 

slab migration on a limited sample of projects

• Consider placing more emphasis on drainage characteristics of 
interlayers in COC–U overlays

• Joint sealing/filling…

Conclusions

• Buckling is rare, but disruptive and hazardous when it occurs

• Present and future concerns about buckling due to:
• Changes to joint sealing practices
• Rising temperatures due to climate change
• New concrete pavement design types – concrete overlays

• It might be possible to alleviate buckling through proactive 
maintenance 

• This will require monitoring and understanding of conditions 
that lead to buckling
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Conclusions

• There would be great value to better understanding the 
mechanisms causing buckling

• Especially for concrete overlays

• How can we study this?


