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OVERRUNS
Aircraft overruns occur
Majority of Aircraft involved  in overruns stop 
within 305 m (1000-ft) of the runway end
90% of Aircraft involved  in overruns exit the 
runway at < 70 knots (130 kph)
FAA (Federal Aviation Administration) 
requires a 305 m (1000-ft) runway safety area
Not satisfied at 325 of 573 US major airports 
(Lautenberg, 2006)
A FAA alternative is to use an EMAS



EMAS DESCRIPTION

INSTALLED WHERE AN ADEQUATE RSA IS 
UNAVAILABLE (natural or manmade barriers)
REDUCES AIRCRAFT STOPPING DISTANCE 
DURING OVERRUNS
LOCATED WITHIN THE RUNWAY SAFETY AREA
PASSIVE  SYSTEM (no outside energy source, 
dissipates energy by inducing drag forces on aircraft 
landing gear)
DESCRIBED IN FAA ADVISORY CIRCULAR 
150/5220-22A



EMAS INSTALLATIONS 

44 installations @ 30 U.S. Airports
4 installations @ 4 U.S. Airports under 
contract for 2010 installation
4 International Installations

Madrid, Spain
Sichuan Province, PRC



LITTLE ROCK AIRPORT
(ref. GOOGLE EARTH)

RIGID RAMP
EMAS BEDEMAS



EMAS PROFILE
ENTRY

END

SIDE



RUNWAY SAFETY AREA 
CONFIGURATION

JET BLAST
UNDERSHOOT OBSTRUCTION
LOW VELOCITY OVERRUNS

LEAD-IN RAMP



RUNWAY SAFETY AREA 
CONFIGURATION



RUNWAY SAFETY AREA 
CONFIGURATION

CRUSHED MATERIAL
(LOW-DENSITY CONCRETE)

UNCRUSHED MATERIAL

TIRE PENETRATION-
TIRE-EMAS BOUNDARY



CHARLESTON, WV USA (1/19/10) 
Yeager Airport 

INSTALLED 11/08 ($5 million)
EMAS LENGTH = 130m (425 ft)
SD = 91m (300 ft)

CRJ-200: ABORTED TAKEOFF
(30 passengers, 1 infant, & 3 crew members)



APPROXIMATE VALUES FOR 
AIRCRAFT PARAMETERS
(STOPPING DISTANCE ANALYSIS 
FOR CURRENT AIRCRAFT TYPES)



AIRCRAFT 
CHARACTERISTICS:

AIRPLANE DIMENSIONS AND LOADS
WHEEL BEHAVIOR (LOAD-DEFL)
STRUT BEHAVIOR (LOAD-STROKE)



AIRPLANE CHARACTERISTICS
(DIMENSIONS & LOADS)

AIRPLANE CHARACTERISTICS FOR AIRPORT 
PLANNING
BOEING:
http://www.boeing.com/commercial/airports/plan_manuals.html

AIRBUS: 
http://www.airbus.com/index.php?id=299



TIRE STIFFNESS
TIRE MANUFACTURERS

(Goodrich, Goodyear, Michelin)



AIRCRAFT PARAMETERS
Gerardi, A.G., “Collection of 
Commercial Characteristics for Study of 
Runway Roughness,” Report No. FAA-
RD-76-64, FAA, 1977



AIRCRAFT PARAMETERS
(ref: Gerardi)



MASS MOMENT of INERTIA, Iyy
PITCH MOMENT OF INERTIA
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MASS MOMENT of INERTIA, Iyy



UNSPRUNG WEIGHTS
(wheel module)



STRUT BEHAVIOR



OLEO-PNEUMATIC STRUT 

ORIFICE

PIN



MAXIMUM STROKE & DAMPING



PNEUMATIC STRUT FORCE



APPROXIMATIONS 
(ref. Curry, Aircraft & Landing Gear Design: Principles & 
Practices)

V(static strut load) = Airport Planning Guide
SMAX = similar “Gerardi” aircraft
pgage (SE) = 10,335 kPa (1,500 psi)
pgage (FE) / pgage (SE)  = 0.25

pgage (FE) = 2,580 kPa (375 psi)
pgage (FC) / pgage (SE)  = 3.0

pgage (FC) = 31,000 kPa (4,500 psi)



IDEAL GAS LAW
ISOTHERMAL COMPRESSION / EXPANSION

POLYTROPIC COMPRESSION / EXPANSION

pgage (S) = pabs(SE) *VSE

V (S)
− patm

pgage (S) = pabs(SE) *VSE
1.35

V (S)
− patm



B727-200: LOAD-STROKE



LOAD-STROKE 
APPROXIMATE BEHAVIOR



STOPPING DISTANCE 
SENSITIVITY STUDY

VARIABILITY IN MATERIAL STRESS-
STRAIN BEHAVIOR (±20%) 
ARRESTOR MATERIAL STRENGTH
ARRESTOR BED THICKNESS



EMAS BED GEOMETRY

76.2 mm (3-in) rigid ramp



MATERIAL STRESS-STRAIN 
BEHAVIOR

414 kPa

276 kPa
345 kPa



STOPPING DISTANCE = 
f(material behavior)



ARRESTOR MATERIAL
STRESS-STRAIN BEHAVIOR

345 kPa

755 kPa

264 kPa
334 kPa
617 kPa
737 kPa

CRUSHING STRENGTH



ARRESTOR MATERIAL
STRESS-STRAIN BEHAVIOR



STOPPING DISTANCE = 
f(EMAS MAX THICKNESS)



CONCLUSIONS

44 EMAS INSTALLATIONS @ 30 U.S. 
AIRPORTS (4 @ 2 INTL. AIRPORTS)
METHODOLGY TO GENERATE 
APPROXIMATE AIRCRAFT PARAMETERS
4 AIRCRAFT TYPES EVALUATED      
(B737, B747, B757, & B767)



CONCLUSIONS

STOPPING DISTANCE DEPENDENCY ON:

AIRCRAFT TYPE (B737, B747, B757, & B767)
MATL. STRESS-STRAIN BEHAVIOR (± 20%)
MATL. STRENGTH (6 low density conc. mixes)
BED THICKNESS (tmax= 457mm, 610mm, & 
762mm (18 in, 24 in, & 30 in))
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