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Runway Length Estimation Example

A new airport will be constructed at a site located 3,500 feet 
above sea level. Temperature data collected at the site 
shows the  mean daily maximum temperature of the hottest 
month to be 26 degrees Celsius. The table below shows the 
critical design aircraft information. Figure 1 shows a picture 
of the design aircraft.

Aircraft Engine Remarks

Boeing 747-8 
(passenger version)
987,000 Maximum 
Takeoff Weight

GEnx 2B engines Passenger 
configuration with a 
total of 515 seats



CEE 5614 – Analysis of Air Transportation Systems 3

Runway Length Estimation Example
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Typical Questions

1. Find the runway length required to satisfy FAA and EASA 
regulations to operate the critical aircraft without takeoff 
restrictions. This implies the airline will be able to depart 
at the maximum takeoff gross weight from the airport. 

2. Find the amount of belly cargo the aircraft can carry while 
using the runway design of part (1). 

3. Estimate how far can the aircraft fly without refueling for 
the runway design in part (1)? 

4. Find the Specific Air Range (SAR) of the aircraft in part 
(3).
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Answers
1. Find the runway length required to satisfy FAA and EASA 

regulations to operate the critical aircraft without takeoff 
restrictions from the new airport. This implies the airline will 
be able to depart at the maximum takeoff gross weight from 
the airport.

ISA Temperature at 3,500ft is 8.1C (temperature is linear with altitude).

Temperature offset = 26 - 8.1 deg. C = 17.9 deg. C.

Use ISA + 17.9 deg.C 


Conclusion: 
ISA + 17.9 deg. C is more than 1.7 deg. C from ISA + 15 deg. C

1.7 deg. C. Is the margin allowed by the FAA to use to the closest 
chart.

Use the takeoff figures for ISA+25C.
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Aircraft Characteristics

Consult the Boeing documentation 
to solve the problem
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Answer to Question 1 Aircraft 
cannot operate 
at MTOW 
from 3,500 feet 
and ISA + 25 deg. 
C
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Runway length 
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Takeoff Weight (x 1000 lbs.)

Takeoff 
restricted 
to 960,000 lbs
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Answer to Question 1

Note: Maximum allowable landing 
weights for freighter and passenger 
versions are not the same. 

Use the MALW of the passenger 
version since the problem involves 
a passenger Boeing 747-8.

FAA Landing Field Length 
~ 8,200 feet

Takeoff distance is greater than 
landing distance. The airport 
needs a runway 14,800 feet 
long.
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Find the Belly Cargo Capacity of the Aircraft
OEW = 485,300 lbs

Passenger load = 515 * (220 
lbs/passenger) lbs = 121,000 lbs

Restricted takeoff weight limit 
is 960,000 lbs.

Maximum Design Zero Fuel 
(MDZF) = 651,000 lbs

OEW + Passenger Payload = 
485,300 lbs + 121,000 lbs = 
606,300 lbs

Maximum Design Zero Fuel 
Weight  is the maximum 
weight before fuel is added

Maximum Belly Cargo = 
651,000 lbs - 606,300 lbs = 
44,700 lbs.
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Belly Cargo Capacity for Boeing 747-8I

Belly Cargo Space

Source: Boeing

Half-width container
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Estimation of Aircraft Range for Design Conditions
OEW = 485,300 lbs
Passenger load = 515 * (220 
lbs/passenger) lbs = 121,000 lbs

Restricted takeoff weight limit is 
960,000 lbs. 

Aircraft can fly 5,400 nautical miles

OEW + Payload = 651,000 lbs 
(same as maximum zero fuel 
weight)

Find OEW + Payload 
485,300 lbs + 121,000 lbs + 
44,700 lbs

Maximum Belly Cargo = 
651,000 lbs - 606,300 lbs = 
44,700 lbs
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Specific Air Range Calculation
OEW = 485,300 lbs. 
Passenger load = 121,000 lbs. 
Belly cargo = 44,700 lbs 
Takeoff weight = 960,000 lbs. 

Fuel used = 960,000 - 651,000 lbs. 

Fuel used = 309,000 lbs

• A useful metric to compare the 
efficiency of an aircraft 

• Similar to a car fuel efficiency. 
• SAR is the ratio of the distance 

traveled divided by the fuel used. 
• Example units are nm/lb, nm/kg

SAR =
d
fc

Where:

SAR is the specific air range (nm/lb)

d is the distance traveled (nm)
is the fuel used (lbs.)fc

SAR =
5,400

309,000

SAR = 0.017 nm/lb.


