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Increasing the Value of Airport Pavement Management 
By Michael Gerardi 

When you have been in one industry 
since 1993, you can make some 
interesting discoveries – to have that 
“ah-ha” moment.  My ah-ha moment 
was discovering the benefit gained when 
you measure the true profile of a runway, 
and then years later measure that 
runway profile again.  When you 
compare that old profile data to a new 
set of profile data of the same runway, 
changes to the profile can be fairly 
evident.  This article describes the value 
airports receive when they incorporate 
runway profile monitoring into their pavement management practices. 

Understanding that pavement management is proactive in nature, many world-class 
airports are adding a new tool to their pavement management program.  That new tool is 
runway profile monitoring.  Monitoring a pavement profile over time will reveal structural 
changes that take place over the life of the pavement.  As time passes, these profile 
changes can begin to affect the ride quality of the pavement by increasing the aircraft’s 
response.  This, in turn, can be the start of a destructive and costly cycle of increased 
dynamic loading and localized pavement failure.  Increased aircraft response exerts 
dynamic loading on the pavement.  Each aircraft that responds to an area of roughness 
increases the loading environment on that localized pavement.  Increased loading, over 
time, reduces a pavement’s effective service life.  The old saying remains true; “smooth 
pavements last longer.” 

The answer to this problem is to monitor the pavement’s profile.  The key is to identify the 
change in profile shape and to quantify the effect those profile changes have on aircraft 
ride quality.  For example, once differential settlement is detected, implementing an 
effective set of metrics to determine its effect on aircraft response is important.  Once you 
determine that ride quality is deteriorating, repairs can then be planned.  This process 
allows early intervention when the affected area is smallest and least intrusive to correct.   
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The most effective way to monitor the pavement’s profile is to use a device or method that 
can measure the pavement’s true profile.  That method will enable the pavement’s profile 
to be measured initially by establishing a baseline profile and then comparing that baseline 
to subsequent profiles measured years later.  

The following are two case studies that track differential settlement.  As you can see, as the 
settlement increases, so too does the aircraft response and the dynamic loading on to the 
pavement.   
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Case Study One 

 

Figure 1.  The measured pavement profile of Case Study One.  Five years of profile comparison. 

Case Study One illustrates that, over time, this runway has developed a dip in the runway’s 
keel section that has been getting progressively deeper.  This particular runway is an 
asphalt pavement built in a relatively marshy environment.  This figure shows the plotted 
centerline profile measured at three different points in time.  The top portion of the plot was 
measured in 2007.  The middle portion of the plot was measured in 2011, and the lower 
portion of the plot was measured in 2012.  The red diagonal line helps show the profile 
shape change along an 800-foot section.  The primary settlement dip is located at the 240-
foot point. 
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Figure 2.  Tracking the profile changes from year to year. 

Figure 2 plots the deviations from a straightedge for that section of measured profile.  The 
green area plots the deviations when evaluating the 2007 profile data.  The red area plots 
the deviations when evaluating the 2011 profile data, and the blue area plots the deviations 
when evaluating the 2012 profile data.  This chart helps illustrate the profile’s rate of 
change.  This rate of change information is important in determining when to make 
pavement repairs. 
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Figure 3.  Aircraft simulation shows acceptable responses to the 2007 baseline profile. 

Figure 3 is a plot that depicts the results of a Boeing 737-800 constant speed taxi 
simulation at 90 knots using the profile data measured in 2007.  As you can see, the 
accelerations (top and middle traces on this plot) do not show any areas that exceed the 
.40g threshold for accelerations.  In other words, the pavement had no areas of roughness 
in 2007. 

 

Figure 4.  Same simulation conducted on the 2011 profile.  Roughness is beginning to generate unwanted aircraft 
response. 
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Figure 4 depicts the same simulation (737-800 90-knot constant speed taxi test) only this 
time it is conducted on the profile data measured in 2011.  You can see in the bottom trace 
that the dip is a bit deeper, and that the aircraft response is now predicted to exceed the 
.40g threshold of acceptability.  This area is now considered to be rough. 

 

Figure 5.  Aircraft simulation now characterizes the ride quality of this profile to produce "significant" aircraft response. 

Here again in Figure 5, the 737-800 performs a 90-knot constant speed taxi.  This time it is 
conducted on the profile measured in 2012.  The dip is now a bit deeper and the aircraft 
response is noticeably worse than it was in 2011. 
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Case Study Two 

 

Figure 6.  The measured pavement profile of Case Study Two.  Eight years of profile comparison. 

The second case study is based on a PCC runway that was constructed around 2004-2005.  
Profile measurement, used as a standard component of the airport’s pavement 
management program, began to detect settlement at approximately 4,900 feet.  As seen in 
Figure 6, the settlement, in this case, is due to sub-surface tunneling.  This figure plots the 
runway’s centerline profile measured at three different points in time; 2005 (top), 2010 
(center) and 2013 (bottom). 

As in the previous case study, Figure 7 helps track the rate of change when comparing the 
maximum deviations to a straightedge for each set of profile data.  Here, you can see 
sporadic settlement throughout the profile.  For example, when you see blue reaching 
higher than the red, that indicates that the deviation to the straightedge was larger in 2013 
than it was in 2010.  The tunneling settlement is evident between 4,000 and 5,000 feet. 
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Figure 7.  Tracking the profile changes of the runway used in Case Study Two from year to year. 

 

Figure 8.  Aircraft simulation predicts acceptable responses to the 2005 baseline profile. 
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Figure 8 depicts a 90-knot constant speed taxi simulation of a Boeing 737-800 on the 2005 
profile data.  As you can see, ride quality through the area of settlement is predicted to be 
within acceptable limits. 

 

Figure 9.  As the settlement continues, ride quality suffers.  Cockpit and CG responses exceed .40g. 

Figure 9 depicts the same simulation as the previous figure, only this time on profile data 
measured in 2010.  Both the Cockpit (top portion) and the Aircraft Center of Gravity 
Acceleration (middle portion) predict excessive response as it encounters the dip area 
which is increasing in depth. 
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Figure 10.  In year eight of the study, ride quality becomes excessive when tested. 

Finally, Figure 10 shows that by 2013 the dip has become dramatically deeper (bottom 
portion).  Both the pilot’s station and aircraft center of gravity predict that the aircraft 
response has deteriorated significantly since 2010.  Increased aircraft response means 
that dynamic loading is increasing as well.  Continued exposure to this loading 
environment will affect the localized pavement’s useful life. 

Conclusions 
These studies help demonstrate that small, measurable changes in the pavement’s profile 
forecast increases in aircraft response, elevated dynamic loading, and ultimately 
accelerated pavement failure. When these changes go unmeasured, airports lose the 
opportunity to intervene early, when repairs are simpler, less disruptive, and far less costly. 

Runway profile monitoring transforms pavement management from a reactive exercise into 
a predictive one. By establishing a true baseline profile and tracking how it evolves over 
time, airports gain direct insight into structural behavior that traditional condition surveys 
cannot provide. More importantly, they gain time. Time to plan repairs before roughness 
becomes operationally significant. Time to protect pavement life before dynamic loading 
compounds the damage. 

Incorporating profile measurement into pavement management is not an added expense. It 
is a value multiplier. Airports that monitor profiles make better maintenance decisions, 
extend pavement service life, and reduce long-term capital costs. The data is clear: smooth 
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pavements last longer, and the only reliable way to keep pavements smooth is to measure 
what is changing beneath the aircraft wheels. 


