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As we idly watch the finely choreographed operations at the airport while waiting for our flights to depart, many of us grab a quick snack, browse in the shops, check our email, return phone calls, and curiously watch the other passengers. We also marvel at the size and power of today’s aircraft as we watch planes takeoff and land, think about the miracle of modern flight, and wonder if we’ll reach our destination on time. We rarely, if ever, think about something as mundane as the airport’s pavement. We just take for granted that the runways, taxiways, and aprons are safe.
In the United States there are over 9,000 paved airports with approximately 650 million square yards of runway pavement surface. These figures can be more than doubled if we take into account international airports. In the U.S. alone, the federal government and the aviation community spend about $4 billion annually replacing, repaving, rehabilitating, repairing, and maintaining airport surfaces. Full replacement value is over $100 billion. In addition to this major investment, almost 800 million passengers in the U.S. per year rely on this pavement to keep them safe. With the safety of over 40 million takeoffs and landings per year reliant on that much concrete and asphalt, it’s curious that we never think about how we build, maintain, or improve airport pavement.
Fortunately for the traveling public, a select group of engineers and specialists at the Federal Aviation Administration (FAA) actually think about ways to improve airport pavements. In fact, they recently celebrated the tenth anniversary of National Pavement Test Facility (NAPTF), a laboratory they use to develop the new technologies, procedures, and tools that keep airport surfaces safe. Commissioned in April 1999, the facility is the result of a cooperative agreement and unique financing partnership between the Boeing Company and the FAA.
Airport Pavement Design

In 1927, the Ford Motor Company built one of the world’s first paved runways at Ford Airport in Dearborn, Michigan. With no aviation experience and no airport pavement design specifications, engineers built this and other early runways using pavement thicknesses similar to those of early highways. In fact, until World War II, airport engineers based concrete pavement design on the anticipated loads imposed by the trucks refueling the airplanes, rather than the airplanes themselves.
For many years after the war, airport pavement research and technology benefitted from advances in highway research, as well as from Department of Defense research supporting military aircraft and airfields. Despite some advancement in airport pavement design, the operational surfaces at airports currently are not significantly different from those that used to carry only propeller-driven airliners. In contrast, aircraft design has made giant strides in the past 50 years. Engineers have adapted advanced technologies into new aircraft designs that have returned large gains in performance and the economics of operation. If left unchecked, a growing gap between advanced aircraft technologies and outmoded airport pavement technologies could jeopardize the transition to the Next Generation Air Transportation System (NextGen).

During takeoff, landing, and taxiing, depending on the type of aircraft, airport pavement must support as much as 600 tons or more of aircraft, luggage, fuel, and passengers, all of which is concentrated on the relatively small contact area of the plane’s tires. The quality and thickness of an acceptable airport pavement must be able to withstand, without damage, the abrasive action of traffic, adverse weather conditions, and other deteriorating influences when subjected to specified loads over a specified period of time. Furthermore, operational pavements are most often constructed to provide adequate support for the attested loads imposed by the aircraft mix currently using an airport. The FAA requires airports to install pavements that can sustain their total anticipated load applications over a 20-year design life. Because the future is often hard to predict, however, construction plans do not always take into account potential traffic increases or new aircraft designs over, for example, the next 20 years.

National Airport Pavement Test Facility

Understanding that airport pavements might not accommodate new, larger aircraft, in 1992 the FAA established an industry and government working group to determine needs for full-scale testing that would provide pavement response and performance data to facilitate new pavement design procedures for the next generation of large civil transport aircraft. The group issued a study in late 1993 that proposed a design for a test machine capable of performing accelerated airport pavement tests. The FAA subsequently teamed with the Boeing Airplane Company to build and operate the National Pavement Test Facility (NAPTF) located at the FAA William J. Hughes Technical Center. After two years of construction, the FAA commissioned the facility in April 1999.
The NAPTF is the world’s largest, enclosed full-scale test facility dedicated solely to airport pavement research. The facility is so large that many who have done research there will tell you that they’ve heard that the only two things on earth that can be seen from outer space are the Great Wall of China and the NAPTF. As apocryphal as the story may be, the building is over 9 football fields long. It houses a test track that is 900 feet long and 60 feet wide. Over this track looms a gigantic rail-based green vehicle capable of simulating aircraft weighing up to 1.3 million pounds. The vehicle also has:
· Twenty test wheels that can be configured to represent two complete aircraft landing gear trucks having two to ten wheels per truck

· Wheel loads independently adjustable up to 75,000 pounds per wheel

· Controlled aircraft wander simulation

· The ability to accelerate pavement damage by modifying loading conditions – increased loads and/or increased repetitions, imposed climatic conditions (such as temperature or moisture), the use of thinner pavements with decreased structural capacity and thus shorter design lives, or a combination of these factors

In addition, the test track can be divided into as many as nine independent test items on three subgrade classifications – low, medium, and high strength. Test items are trafficked to failure and then reconstructed. In this way, a variety of pavement structures can be tested, including both rigid (concrete) and flexible (asphalt) designs incorporating unbound aggregate bases and stabilized bases. The facility allows researchers to collect years of test data in the time span of weeks. A hydraulic vehicle, equipped with different configurations of landing gear, can speed up the effects of decades’ worth of wear and tear on different pavement surfaces by aircraft weighing as much as the new large aircraft – such as the Airbus A380.

In simple terms, national and international aircraft and airport researchers use this $21 million facility to ensure that airport pavements are compatible with the aircraft that land and take off from them. The design and construction of economical and durable airport pavement requires an understanding of a variety of factors in determining the type and optimum thickness of pavement layers. A critical means of understanding the behavior of pavement layers is through full-scale testing. Such testing involves the controlled application of simulated aircraft gears and realistic tire loads to a full-scale layered, pavement structure. The purpose of the testing is to determine pavement response and performance under a controlled and accelerated usage study so damage can be studied in a compressed time period.
Researchers assess damage by measuring the amount of rutting, cracking, and roughness at the pavement surface and by data from sensors embedded below the pavement surface. Over 1,000 static and dynamic sensors are embedded in the NAPTF pavement to collect data. Static sensors monitor temperature, moisture, and crack resistance on an hourly basis. Dynamic sensors measure pavement strain in response to the load and are triggered by the vehicle operations. Sensor data collected at the NAPTF during operations are processed and stored in a computer databases maintained on-site at the FAA William J. Hughes Technical Center near Atlantic City, New Jersey. 

Since its dedication, the test machine has traveled over 8,000 miles, simulated 36 aircraft types and produced over 100 gigabytes of data. FAA researchers have used that data to write numerous technical reports and presentations and to develop or update national and international pavement design standards. The data has also facilitated the development of software programs that are revolutionizing the way pavements are designed and evaluated. 
These results are providing the knowledge base for the FAA to validate design standards and ensure compatibility between aircraft and airports. Without such data, the airport community could not be certain they have the right pavement designs to meet 2025 traffic needs. To meet increased air traffic, the FAA’s NextGen planners believe existing airports will need to be expanded and, in a few instances, new airports will need to be built to meet growth challenges. Many feeder airports, located outside metropolitan centers, may have to undergo substantial improvements as the aviation community moves away from a hub and spoke system.

International Cooperation

As one of the FAA’s busiest laboratories, the NAPTF is continually used by national and international aircraft and airport researchers. International Civil Aviation Organization (ICAO) is using data and test results from the NAPTF for the development of international pavement standards and recommended practices, and international interest in the NAPTF data is growing. In June 2007, the FAA and the French Directeur General de l'Aviation Civile (DGAC) signed an agreement to cooperate in the coordination of research and development and the sharing of information resulting from related studies and tests in the field of airfield pavement. Research initiatives include in part: comparison of methods to evaluate strain in airport pavement; analysis and development of procedures to determine pavement roughness; analysis and development of rigid pavement finite element methods; and improving the compatibility of U.S. and French pavement databases. 
As a result of the agreement with France, Airbus is now cooperating with FAA and Boeing to investigate how new aircraft designs may affect airport pavements. At a recent ceremony celebrating the NAPTF tenth anniversary, Cyril Fabre, Head of Pavement Airport Operations at Airbus, explained that the NAPTF is “paving the way for future aircraft” designs. Because aircraft designers and manufacturers are working with researchers at the pavement research facility, they can discuss the pavement needs of various types of aircraft – those currently in operation and those still on the design table and find solutions to anticipated challenges.

Use of the FAA’s airport pavement design programs is also increasing globally. The FAA has held a number of international workshops to describe and train users in its unique pavement design software programs. For example, FAA researchers have provided the software and training to aviation officials in France, the Netherlands, Mexico, Singapore, Peru, India, and Colombia among other countries. Among the software FAA has made publically available at no cost are:

· FAARFIELD 1.0, or FAA Rigid and Flexible Iterative Elastic Layer Design – provides a simpler way for airport planners to determine the needed thickness of runway and taxiway pavements. It also helps engineers meet the standards for different airplanes, and model the thickness needed to handle them. It has the potential to save the FAA and airport authorities tens of millions of dollars in airport redesign efforts.

· ProFAA – is an innovative method that allows users to calculate roughness and simulate aircraft response to obtain a better understanding of overall pavement life and aircraft fatigue.

· COMFAA – computes aircraft classification numbers following an internationally-mandated ICAO standard. It provides a library of common aircraft types and allows the user to define gear configurations. This is useful for computing the pavement classification number, once a critical aircraft and maximum allowable load has been defined.

· BAKFAA – is designed to be used with falling-weight deflectometer (FWD) equipment as part of pavement evaluation projects. BAKFAA reads the data from a variety of FWD devices and returns back-calculated layer properties. The computational engine in BAKFAA is LEAF (layered elastic analysis – FAA). LEAF is incorporated into FAARFIELD, but can also be downloaded and run separately under BAKFAA. The FAA has made the Visual Basic™ source code for BAKFAA and LEAF available for programmers to run LEAF from their own applications.
Conclusion

Aviation starts and ends at the airport. Without airports, airplanes would have no place to go, and without new technology airports would not be able to handle the higher levels of traffic expected in the next 15-25 years. The data being gathered from work at the National Pavement Test Facility supports the long-term safe, efficient, and cost-effective movement of aircraft on the airport surface.

New pavement designs, based on thorough research, are providing manufacturers assurance of the compatibility of their aircraft with airports throughout the world. New software applications are providing airport operators precise cost estimates to permit new aircraft operations on their facilities and allow airlines to plan for new equipment and routes. And, most importantly, data collected is ensuring that funds for rebuilding or strengthening runways are being used prudently and the billion dollar investment in airport infrastructure is being protected. Because of the critical need to understand pavement properties, the FAA is making its test data, as well as descriptive information on the National Airport Pavement Test Facility, available on-line at http://www.airporttech.tc.faa.gov/naptf/. 

As a result of the ongoing work being done at the NAPTF, airports around the world can accommodate the large subsonic and supersonic aircraft coming into service. Airports will also be ready to handle expanding numbers of sophisticated regional jets and the anticipated large numbers of unmanned aircraft systems because of the significantly improved pavement design procedures developed at the NAPTF. In addition, new methodologies for the construction of long-life pavements are already helping to control aviation system costs. Such costs include annual expenditures for runway and taxiway upkeep and downtime for the maintenance and rehabilitation of failing pavements. It has become very apparent in the last ten years since the NAPTF began operations, if pavement standards fail to keep up with aircraft advances, national aerospace costs could increase exponentially and rising costs will affect the ability to deploy the much needed NextGen systems.
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