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CEE 4674: Airport Planning and Design Fall 2023 
 

Assignment 4 
Solution Instructor: Trani 

Problem 1 

Familiarize yourself with the FAA AC 150/5220-22B and review the course notes before solving this problem. 
Review the configuration of Roanoke-Blacksburg Regional Airport (ROA) using Google Earth and the Arnav database. 
For runway 6, ROA has approach visibility minima of 300 feet and 1/2 mile of visibility (see the bottom of chart: 
https://www.flightaware.com/resources/airport/ROA/IAP/RNAV+(RNP)+Z+RWY+06/pdf). For ROA, the critical 
aircraft are a Boeing 757-200F freighter aircraft operated by FEDEX and an Airbus A300F operated by UPS. 

a) Check if ROA runway threshold 6 meets the Runway Safety Area (RSA) and Runway Object Free Area (ROFA) 
standards. State the dimensions of RSA and ROFA for the critical aircraft used. 

For Boeing 757-200F (AAC C, ADG IV): 

 
 

 
 
From the design standard matrix, the critical aircraft is required to have an RSA and ROFA that extends at least 600 ft 
prior to the Runway 06 threshold. However, measurements using Google Earth indicate that this distance is currently 
occupied by a highway (I-581), instead of an RSA. 
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b) If an EMAS system is to be reconstructed on threshold 6, estimate the size of the arrestor bed if. Use the 
recommended EMAS design speed in your analysis. 

According to FAA AC 150/5220-22B para 9(e), the width of the arrestor bed must be no less than the runway width 
(150 ft). Then, according to para 9( g), “when there is insufficient RSA available for a standard EMAS [as is the case 
beyond the Runway 06 threshold], the EMAS must be designed to achieve the maximum deceleration of the design  
aircraft within the available runway safety area. The standard exit speed is 70 knots for an EMAS design. The standard 
EMAS to stop a Boeing 757-200F is 435 feet. 
 
 

c) Verify if ROA runway threshold 34 meets the Runway Safety Area (RSA) standards. Comment what you see 
in the satellite view. 

A highway runs perpendicular to ROA 16/34, approximately 650 ft beyond the Rwy 16 threshold. Therefore, this also 
does not meet the minimum RSA length for the critical aircraft. However, EMAS 300 ft long x 169 ft wide is located at the 
departure end of runway (DER) 34. 

d) Explain why runway threshold 24 has a displaced threshold.  
ROA cannot meet the FAA’s RSA and ROFA design standards, therefore, the displaced threshold is an alternative approved 
method to protect against obstacles If the displaced threshold at ROA Rwy 24 wasn’t there, then aircraft wishing to land on Rwy 
24 would need to fly higher than normal on approach to provide protection against the obstacles that are Northeast of the 
runway. The displaced threshold intentionally shortens the landing distance available for Rwy 24 to protect against those 
obstacles. 

 

Figure 1. Boeing 757-200F at ROA Airport (A.A. Trani).  
 
 
 
  

~ 220 ft 
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Problem 2 
Use Google Earth and review the EMAS installed on runway threshold 22L at Chicago O’Hare (ORD), Figure 2 shows a picture of 
the EMAS system at 22L. The critical aircraft operating at ORD and using runway 22L is a Boeing 747-400F (see Figure 3). 

a) Measure the runway 22L EMAS bed carefully. State the dimensions of the arrestor bed.  
The EMAS dimeinsion is also available at Airnav (see below): 

 
Dimensions are 170 f wide x 303 ft long 

b) Estimate the EMAS design speed (based on the arrestor bed dimension in part (a)) if the critical aircraft is the 
Boeing 747-400F. 

For the Boeing 747 (or similar), the design speed that corresponds to a 300 ft-long EMAS bed is ~ 42 Knots (see figure 
below): 
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c) Would you recommend an extension of the EMAS on runway 22L threshold? If yes, state the extension. 
Ideally, we want an EMAS length corresponding to a 70-knot entrance speed. For the B747, that length is approximately 
580 ft (see figure below). Therefore, we should extend the EMAS by at least 590 ft – 303 ft = 287 ft (say, 290 ft). 

~ 42 KT 
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d) Explain the reason for the EMAS on runway 22L. 
The EMAS located at the departure end of runway 22L provides an element of protection for the highway that is located 
just beyond the end of the EMAS bed. 

e) Measure the runway 4R EMAS bed carefully. State the dimensions of the arrestor bed. Explain the reason for 
the difference in EMAS dimensions compared to 22L. 

 
Using Airnav database, the EMAS is 546 feet long. 

~ 590 ft 
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Dimensions are 170 ft wide x 546 ft long 
 

f) Find the maximum EMAS entry speed to stop the Boeing 747400F on runway 4R threshold. 
 
For the Boeing 747 (or similar), the design speed that corresponds to a 550 ft-long EMAS bed is very close to the design 
speed of 70 knots (~ 66 knots if you read from the figure below). 
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~ 66 KT 
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Figure 2. Runway 22L Engineered Material Arresting System (EMAS) at Chicago O’Hare 
(ORD) Airport (A.A. Trani). 

 
 

 

Figure 3. Boeing 747-400F Operating at ORD Airport (A.A. Trani). 
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Problem 3 
Design a runway for a new airport located 2,000 feet above mean sea level conditions. The critical aircraft 
is the Airbus A330-800 with Rolls-Royce Trent 7000 Series Engines (see Figure 4). The design 
temperature for the airport is ISA + 15 degrees C. The airline would like to fly long-haul routes requiring 
takeoff weights up to 245 metric tons. 
 

 

Figure 4. Airbus A330-800 at Atlanta Airport (A.A. Trani). 

 

a) Find the runway length needed to satisfy the design constraints. 
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The runway length needed is approximately 3,650 m (12,000 ft) 

 

b) Find the runway width needed to support the critical aircraft. 

 

~ 3,650 m 
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Aircraft wingspan (S): 209.97 ft 

Tail height (VT): 58 ft 

Therefore, AAC C and ADG V 
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For visibility down to ½ mile, the required runway width is 150 ft 

 

c) Find the dimensions of the RSA, ROFA , OFZ (various components), and RPZ surfaces required for 
the critical aircraft. Assume the airport will have a Category I instrument landing system with visibility 
down to 1/2 mile. Make a table with your answers. 

Table is from Appendix G of AC 150/5300-13B: 
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Based on visibility minima down to ½ mile in the problem, we use the OFZ dimensions in the sectional area B-B in the figure above. 
Based on aircraft wingspan (S) of 209.97 ft and runway threshold elevation (E) of 2,000 ft, the critical height of inner-transitional 
OFZ surface (H) equals 61 – 0.094(210 ft) – 0.003(2000 ft) = 13.74 ft  
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Finally, the ROFZ begins 200 ft beyond the runway threshold, extends 200 ft in length, and for large aircraft, is 400 ft wide from 
each side of the runway centerline. 

 

d) Draw to scale (use Autocad or any CAD program of your choice) a plan view of the runway, RSA, 
ROFA, OFZ and RPZ surfaces. 

 

e) If the airport authority wants to build a new 82-foot tall hangar to be located 610 feet from the runway 
centerline (perpendicular to the runway - see Figure 5) estimate if the hangar is in violation of the 
inner OFZ surface for Instrument Landing System Category I operations. 

 

For large aircraft, if the visibility is greater than ½ mile (which in this case it is), then distance “Y” in the figure will be the same width 
as the ROFZ, which is 400 ft from the runway centerline. Since the object also does not violate the critical height, it is therefore not 
in violation of the inner OFZ surface. 

 

 

Figure 5. Proposed Hangar. 

 

 

Problem 4 

Figure 6 shows a runway configuration to be studied. The airport serves ADG V and AAC D aircraft. The airport has visibility 
criterial less than 3/4 miles. 
 
A) Considering that the airport would like to comply with RSA and ROFA, find the declared distances (TORA, TODA, and 

ASDA) for departures on runway 09. 
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The dimensions of the ROFA, RSA, RPZ are provided in Table G.11 of Appendix G in the advisory circular 150/5300-13B.  
 
B) Repeat the procedure while departing from runway 27. 
C) Find the landing distance available while landing on runway 27. Explain how you protect the RSA. 
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Landing on runway 27  
We need to protect an RSA and ROFA prior to the landing runway threshold of 600 feet. The lake is 500 feet from the 
runway end; hence a 100-foot displaced threshold is recommended. 
The RSA and ROFA needed for safety beyond the runway end if 1,000 feet. There are 650 feet between the runway end 
and the highway. Therefore, 350 feet of runway is not usable to achieve compliance with RSA and ROFA requirements. 
The Landing Distance Available is: 
 

𝐿𝐷𝐴 = 9500 − (600 − 500) − (1000 − 650) = 9,050	𝑓𝑒𝑒𝑡 
 
A 100-foot displaced threshold is needed on runway 27. 
 

D) Find the landing distance available while landing on runway 09. 
 

Landing on runway 09  
We need to protect an RSA and ROFA prior to the landing runway threshold of 600 feet. The highway is 650 feet from the 
runway end; hence no displaced threshold is required. 
The RSA and ROFA needed for safety beyond the runway end if 1,000 feet. There are 500 feet between the runway end 
and the lake (for an aircraft landing on runway 09 and departing the far end of the runway). Therefore, 500 feet of runway 
is not usable to achieve compliance with RSA and ROFA requirements. The Landing Distance Available (LDA for runway 
09) is: 
 

𝐿𝐷𝐴 = 9500 − (1000 − 500) = 9,000	𝑓𝑒𝑒𝑡 
 

 
 

 

Figure 6. Runway Configuration for Problem 4. 
 
 

 
 

 
 
 
 


