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Abstract 

 The COVID-19 pandemic has brought significant changes to the airline industry. The 

type and number of aircrafts being operated have changed. The objective of this Major 

Qualifying Report (MQP) was to evaluate the impact of these changes on the design lives of a 

runway pavement. Four different scenarios have been analyzed, and the total cost of the designed 

pavement has been determined. The four scenarios include: pre-COVID-19 air traffic, reduced 

passenger and increased freight traffic, pre-COVID-19 and expected supersonic traffic, and a 

combination of reduced passenger, increased freight, and expected supersonic air traffic. 

Mechanistic-empirical designs were conducted with the help of layered elastic analyses of 

stresses and strains as well as with transfer functions from the Federal Aviation Administration 

(FAA) airport pavement design process. Cumulative damage factors (CDF) for each aircraft, and 

the effect of the different scenarios on them have been presented. 
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0.1 Proposal 
The goal of this project was to develop and compare designs of airport pavements with 

considerations of existing and future air traffic. To achieve this project goal, multiple steps were 

followed. The main steps to reach the goal have been outlined in Figure 0-1: Project Process.  

 

Figure 0-1: Project Process 

 

Steps One (Review Airport Design Process) and Two (Consider Current and Future 

Airways), were research-based steps. These two main steps provided the basic information and 

guidelines for the rest of the project. The two differ in that Step One (Review Airport Design 

Process) was the method of designing an airport pavement structure and Step Two (Consider 

Current and Future Airways) consisted of information on the changes in air traffic that was 

implemented in the rest of the project’s designs. These changes consisted of adding or altering 

aircraft types and changing the number of departures.  

Step Three (Design Runway for Logan Airport Pre-COVID-19) was the ‘control’ design 

of this report. In this chapter, a runway pavement for the Logan International Airport (Boston) 

was designed with the current (pre-COVID, from 2019) Logan Airport traffic data for a design 

life of ten years. Only the expected traffic growth was considered for this design.  

Steps Four (Design Runway for Logan for Reduced Passenger Air Traffic and Increased 

Freight Air Traffics) and Five (Design for Pre-COVID-19 Traffic and Supersonic Traffic) were 

the resulting combination of Steps One (Review Airport Design Process) and Two (Consider 

Current and Future Airways). In Step Four (Design Runway for Logan for Reduced Passenger 

Air Traffic and Increased Freight Air Traffics), a design was developed from the Logan Airport 

pavement with considerations to varying quantities of freight aircrafts and smaller aircrafts. Step 
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Five (Design for Pre-COVID-19 Traffic and Supersonic Traffic) focused only on the impact of 

additional expected commercial supersonic aircrafts on pavement.  

Step Six (Design for Combination of Reduced Passenger, Increased Freight, and 

Supersonic Traffic) combined all design alterations from previous steps into one design (i.e., 

decreased passenger, increased freight, and expected supersonic air traffic). 

In Step Seven (Design Cost of the Designed Pavement Structure), the cost of the design 

was estimated. Along with cost estimation, the different resulting CDF values were compared. 

The CDFs form the basis of pavement structure analysis and design. 

In Step Eight (Summarize the Results of the MQP), the results from the MQP were 

summarized. 
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0.2 Introduction 
 The goal of this project was to develop and compare designs of airport pavements with 

considerations for existing and future air traffic. The steps – as previously stated in the proposal 

section– to complete this project can be grouped as seen in Figure 0-2: Project Steps. The first 

group of steps necessary to complete this project was to review content related to pavement 

design and air traffic changes. The next group of steps were implementing the material from the 

first group into designing a pavement with no alterations and various pavement designs with 

some form of an alteration that reflect the expected changes in air traffic. The last group of steps 

would be to compare the designs based on CDFs and cost. These comparisons could be used for 

the recommendation of an appropriate design. 

 

Figure 0-2: Project Steps 

 The main problem to focus on for the designs will be what factors will be causing 

damage or failure. Progressive damage and eventual failure of a pavement is caused by either 

structural rutting or bottom-up fatigue cracking. Within the design process, the rutting and 

cracking failure potentials of the pavement are evaluated (Mallick & El-Korchi, 2017). Cracking 

can be caused by multiple issues. The main form of cracking is due to fatigue failure, caused by 

the “repeated [creation of] tensile stresses/strains at the bottom of the asphalt mix layer…” 

(Mallick & El-Korchi, 2017). Structural rutting is caused by the repeated appearance of 

compressive stresses/strains on top of the soil subgrade (Mallick & El-Korchi, 2017). In addition 

to the consideration of the pavement structure, the expected changes in air traffic were also taken 

into account when designing an airport pavement structure for a certain design life, and these 

changes were discussed in Chapter Two: Current and Future of Airways.   

 Measures can be taken to prevent the calculated damages. In the case of rutting or 

cracking failure, steps within the immediate design process can be considered (Mallick & El-

Korchi, 2017). As for the current and future changes, multiple designs and a final recommended 

design will be presented in this MQP. Note that because the design involved an existing runway 

pavement (Runway 9/27), only the thickness of the surface layer was altered during the design 

process.   
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1.0 Review of the Airport Pavement Design Process 
An overview of the airport pavement design process is shown in Figure 1-1: Airport 

Pavement Design Process (Mallick & El-Korchi, 2017; United States Department of 

Transportation: Federal Aviation Administration [USDOT: FAA], 2016a). The following 

figure’s process has been formalized in the software FAARFIELD (United States Department of 

Transportation: Federal Aviation Administration [USDOT: FAA], 2016b). For this MQP, the 

pavement design process utilized a combination of spreadsheets and layered-elastic analysis 

design software, rather than using FAARFIELD (USDOT: FAA, 2016b). The spreadsheet 

approach enabled the designer to use specific equations as needed, as well as estimate, visualize 

and compare the damages caused by the different aircrafts. 

 

Figure 1-1: Airport Pavement Design Process (Mallick & El-Korchi, 2017; USDOT: FAA, 2016a) 

  

In step one, the design parameters need to be considered prior to evaluating a pavement 

design option because the stated factors – climate, design life, departure/air traffic, and load 

configuration – impact the decision for the pavement layers (Mallick & El-Korchi, 2017; 

USDOT: FAA, 2016a).  The first part of step 1 is to determine the aircrafts that use the 

airport runway, their gross loads, wheel numbers and spacing. This allows for the 

determination of the maximum expected load and the surface area in contact through which 

the loads are applied (Mallick & El-Korchi, 2017). Estimation of the departure traffic, 

aircraft loads, and the expected growth factor are needed (Mallick & El-Korchi, 2017). At 

this point, the design life of the pavement needs to be decided because this determines how 

long the pavement’s structure will perform adequately before failure (by either cracking or 

rutting) from repeated load impact, and when rehabilitation becomes necessary (Mallick & 

El-Korchi, 2017; USDOT: FAA, 2016a).  The last aspect of step one is to consider the 

climate conditions of the project location. This is due to the environment impacting both the 
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materials of the pavement layers and the soil of the subgrade (Mallick & El-Korchi, 2017; 

USDOT: FAA, 2016a). Temperature and moisture are the key environmental related 

conditions that impact the soil subgrade and the upper layers of airport pavements (Mallick & 

El-Korchi, 2017; USDOT: FAA, 2016a). 

Step two of the process considers the factors determined in step one and applies the 

knowledge in deciding the layers and materials of the pavement structure. The typical 

pavement structure for airport pavements consists of (starting from the bottom) the subgrade, 

subbase, base, and surface layer (USDOT: FAA, 2016a).  Each layer must meet the materials 

and minimum thickness criteria that have been mandated by the FAA (FAA, 2016a). The 

elastic modulus, Poisson’s ratio and slip condition (between two successive layer) are needed 

for the layered elastic analysis (LEA) analysis that was conducted with the WinJULEA 

software (Engineering Research & Development Center [ERDC–WES], n.d.). 

In step three, a LEA is conducted to determine stresses and strains at critical locations, 

generally with the help of a software, such as WinJULEA (ERDC-WES, n.d.). From the 

values determined in steps one and two – layer thickness, layer material, aircraft tire contact 

area, tire spacing, elastic modulus, and Poisson’s Ratio – the software, WinJULEA, 

calculates the tensile and compressive strains in the different layers (ERDC – WES, n.d.). 

Below, Figure 1-2: WinJULEA Calculation Process, explains the steps to use the 

WinJULEA software. To use this software each entry box needs to reflect the order of the 

pavement layers from top to bottom – surface to subgrade. Once these values are input into 

the designated boxes and ‘calculate’ is selected, the compressive and tensile strain, at the 

critical locations (which had been specified)– along with other calculations – are output 

which then can be utilized for step four (ERDC – WES, n.d.).  

 
Figure 1-2: WinJULEA Calculation Process (ERDC-WES, n.d.) 

 

Step four takes the values calculated from the earlier steps and applies them into two 

equations, the fatigue cracking equation and rutting equation, which calculate the numbers of 

repetitions to failure in the pavement layers (Mallick & El-Korchi, 2017). Equation 1-1 

shows the rutting equations and Equation 1-2 shows the fatigue cracking equation (Mallick & 

El-Korchi, 2017).   

 

 

 

 



13 
 

𝐶 =  (
0.004141

𝜀𝑣
)

8.1
--------------------------------------------------------------------(1-1a) 

For C<1,000 passes 

log10(𝐶) =  (
1

−0.1638+185.19𝜀𝑣
)

0.60586
----------------------------------------------(1-1b) 

For C > 1,000 passes 
 

Where: 

 ε𝑣 = compressive strain on top of the subgrade fromLEA 

 

For this MQP, only Equation 1-1a was used. 
 

 

𝑁𝑓 = 0.4801𝑃𝑉−0.9007 -----------------------------------------------------------(1-2) 

Where: 

 𝑃𝑉 = 44.422𝜀ℎ
5.140𝑆2.993𝑉𝑃1.850𝐺𝑃−0.4063 

εℎ = tensile strain at the bottom of the asphalt mix layer from LEA 

S=600,000 psi 

Va= 3.5% 

Vb=12% 

PNMS = 95% 

PPCS=58 % 

P200 = 4.5 % 

      𝑉𝑃 = 𝑉𝑎/(𝑉𝑎 + 𝑉𝑏) 

     𝐺𝑃 = (𝑃𝑁𝑀𝑆 − 𝑃𝑃𝐶𝑆)/(𝑃200) 

 

 Once the equations have been solved with the previously found values, the number of 

actual repetitions are divided by the allowable repetitions for rutting (C) and fatigue (Nf) 

separately, to determine the corresponding rutting and fatigue damage (two separate damage 

factors). The one with the lower allowable repetitions (and hence the higher ratio) becomes 

the critical damage factor/dominant failure mechanism (Mallick & El-Korchi, 2017). 

Equation 1-3 shows the generic equation to calculate the expected damage and Equation 1-4 

is cumulative form (Mallick & El-Korchi, 2017). 

 

𝐷𝑎𝑚𝑎𝑔𝑒 =
𝑛

𝑁
  -----------------------------------------------------------------------------------(1-3) 

𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝐷𝑎𝑚𝑎𝑔𝑒 =  ∑
𝑛𝑖

𝑁𝑖

𝑛
𝑖=1  ------------------------------------------------------------(1-4) 

Where: 

n = calculated total load 

N = allowable repetitions to failure 

i = 1-n, represents the different types of aircrafts 

 

In step five the cumulative damage calculated in step four for rutting and fatigue are each 

checked against a value of 1. If the CDF value exceeds 1, then the pavement is under-

designed, and the design process must be repeated. This is due to the design reaching the end 

of its design life sooner than the planned design life (Mallick & El-Korchi, 2017). This 

indicates a re-design through a selection of better materials and/or thicker layers. If the CDF 

value is less than 1, the process can continue onto step six as there is no issue with the 
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assumed design (Mallick & El-Korchi, 2017). However, if the value is significantly less than 

1, then the pavement is overdesigned, and a redesign would be required to avoid an 

unnecessary thick and costly structure (Mallick & El-Korchi, 2017). 

In step six, the most appropriate design is selected from the above steps and 

recommended for construction. 
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2.0. Current and Future of Airways 
 This chapter discusses the changes to air traffic caused by the COVID-19 pandemic. 

2.1. COVID-19  
COVID-19 has caused profound changes to aircrafts and air travel. COVID-19 

was a new coronavirus disease that broke out in 2019 (Centers for Disease Control and 

Prevention [CDC], 2020). Prior to being declared a pandemic and as information about 

the disease was being shared, basic steps to prevent the spread of COVID-19 were 

announced and began being implemented in some places (World Health Organization 

[WHO], 2020). After the disease was declared a pandemic, preventative measures 

increased (WHO, 2020). A resulting preventative measure was countries locking down 

and thereby cutting travel or stopping it entirely (Suau-Sanchez et al., 2020). 

There was an immediate impact to air travel, and studies had been conducted to 

predict the expected and resulting impact of COVID-19 on air travel (Iacus et al., 2020; 

Suau-Sanchez et al., 2020). These studies were considering the bounce back of 

passengers returning to travel and the impact it has for airlines/air travel as well as the 

overall economic impact (Iacus et al., 2020; Suau-Sanchez et al., 2020). Other relevant 

factors that have impacted travel include the social distancing safety guidelines that have 

been implemented in airports and some aircrafts (Walton, 2020). 

Overall, there is a significant amount of uncertainty regarding the future of air 

travel and the airlines industry. 

2.2. Increase in the Use of Smaller Aircrafts 
Prior to COVID-19, increasing the range of relatively smaller size aircrafts and 

introducing bigger aircrafts was a planned change for air travel. To provide a specific 

example, Airbus had announced intentions to modify existing and/or to add new models 

of single-aisle aircrafts that would travel longer distances (Josephs, 2019). Changes to the 

smaller aircrafts were being made to provide improvements. To look at a specific 

example of an Airbus aircraft, the A350-900 has both its standard A350-900 version and 

a long-distance version – A350-900ULR – that modified aspects of the initial design to 

allow for travelling further distances (Airbus, n.d.). 

Airbus is not the only company adapting their smaller models. Since as early as 

2004, the Boeing 777 series has made continual improvements in the overall design, 

materials used, engine efficiency (both for power and fuel used), environmental impact, 

and increased traveling distance – to name a few features – to provide an aircraft that 

would be more attractive to the aviation industry (Boeing, n.d.) 

2.3. Modifying Passenger Aircrafts to Freight Aircrafts 
Another planned change to airlines was an increase in freight aircrafts. This 

change was seen by Boeing who – when planning for the next 20 years – saw a need for 

more freight aircrafts (“Proactive Investors: Boeing ups its 20-year industry forecast for 

passenger and freight planes demand by 4”, 2017). Both Boeing and Airbus provide 

freight aircrafts with varying volume and load capacities with different origins 

(Cummins, 2020). These origins range from designing new freight aircrafts to modifying 

aircrafts previously used as passenger aircrafts (Cummins, 2020). A study by Nahum et 

al. (2019) concluded that using a combination of cargo specific aircrafts and passenger 
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aircrafts as partial cargo aircrafts provided the most optimum method of cargo 

transportation. The use of passenger aircrafts as freight aircrafts also became a trend 

during the start of the COVID-19 pandemic (Smith, 2020). Airlines switched to freight as 

a result of COVID-19 to remain economically viable under significantly decreasing 

passenger revenue (Smith, 2020). Some examples of airlines that have adapted passenger 

aircrafts for cargo transport are American Airlines Group Inc., Asiana Airlines, Finnair, 

and Azul Airlines (Kulisch, 2020; Smith, 2020). Both out of pressure from COVID-19 

and prior potential, passenger aircrafts are being increasingly used as freight aircrafts. 

One latest use of passenger aircrafts for freight transport is that by Emirates SkyCargo to 

ferry COVID-19 vaccines to the different parts of the world (Emirates, n.d.). 

 

2.4. Commercial Supersonic Aircrafts 
Commercial supersonic aircrafts are returning. They were brought into operation 

in the 1970’s; however, their use ended in the early 2000’s due to both environmental 

concerns and safety conditions (Boyd, 2019; Turner, 2020; United States Department of 

Transportation: Federal Aviation Administration [USDOT: FAA], 2020). Recently the 

FAA has been modifying their rules regarding supersonic aircraft noise and certification 

process to allow for more advancement in this technology (USDOT: FAA, 2020). While 

the rules are being modified so are the designs for the aircraft itself. For example, Boom 

Supersonic (2019, 2020) has noted changes to the supersonic aircrafts that consists of 

significant improvements in the overall design, engine, fuel, and exterior material. The 

environmental changes are especially important as both the amount of greenhouse gas 

and noise levels caused by the aircraft’s speed cause great concern (Turner, 2020). With a 

combination of significant design changes and regulations, it seems that supersonic 

aircrafts will be returning to the skies in the near future (Boyd, 2019). 

2.5. Aircraft Images 
Figure 2-1 through 2-6 show the more important (in terms of gross weight) 

aircrafts that have been considered in this study.  

Figure 2-1: A350-900 (Icarus, 2020)              Figure 2-2: Boeing 777 (Abbot, 2014) 
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Figure 2-3: Freight Aircraft DC-10 (Oertle, 2014a)     Figure 2-4: Freight Aircraft, B747 (Oertle, 2014b) 

 

Figure 2-5: Conceptual Boom Supersonic Aircraft (Boom Supersonic, n.d.)    Figure 2-6: Airbus A380 
(Lappin, 2007) 
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3.0 Design of Runway for Boston Logan International Airport with Existing 

Air Traffic 
 The purpose of this chapter was to design a runway for the pre-COVID-19 air traffic 

(control design). This design will act as a control due to no alterations – beyond a yearly two 

percent (2%) growth – to the aircraft data. The air traffic data consists of departures from Boston 

Logan International Airport for the entirety of 2019 (S. Dennechuk, personal communication, 

October 7, 2020). After a consideration of the rapid changes in the aviation industry, a decision 

was taken to use 10 years as the design life of the pavements. 

 This chapter is both an application of the steps outlined in Chapter 1: Review Airport 

Design Process, and additional data research/interpretation of the Boston Logan International 

Airport aircraft data log. The interpretation of the aircraft logs will occur to some extent for each 

design chapter; however, this initial design interpretation will be the base for all other versions. 

Boston Logan International Airport, shown in Figure 3-1, is in Boston, Massachusetts, 

(42° 22’ 1.1208” N: 71° 1’ 20.5032” W) a city in the United States (Boston Logan Airport, n.d.; 

Logan International Airport (BOS), Boston, MA, USA, n.d.). Depending on the month the 

average temperatures vary – to show how much of a contrast it is, the lowest average 

temperature is 23 degrees Fahrenheit in January and the highest average temperature is 81 

degrees Fahrenheit in July (Climate – Boston (Massachusetts), n.d.). Similarly, the amount of 

precipitation and what form it comes down in varies depending on the month/season but 

regardless of its form, the average amount of precipitation per month ranges from 3.3 to 4.3 

inches (Climate – Boston (Massachusetts), n.d.). 

 

Figure 3-1: Boston Logan International Airport (Google, n.d.) 
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3.1. Logan International Airport Data 

The Logan International Airport air traffic data (Figure A-1 in the appendix) was 

considered to identify all aircraft types departing in 2019. In total 212,102 individual 

aircrafts departed from Logan International Airport in 2019. These 212,102 different 

aircrafts are made up of 240 aircraft types identified from the data. Within these 240 

aircraft types, there exist an ‘UNKN’ and an ‘XXXX’ type which are unidentified aircraft 

types. The combined percentage the unidentified aircrafts account for in the data is 

0.0669%. These aircraft types were not used in the design. As a result, the aircraft types 

have now been adjusted to 238 types with a total of 211,960 individual aircrafts in 2019. 

To each aircraft types listed in 2019, a 2% growth was applied to their quantity for each 

year for the next ten years – until the year 2029. The cumulative number of aircrafts 

taking off in the next ten years was 258, 378 aircrafts. The identified aircrafts were then 

searched in FAARFIELD to determine the gross weight, number of wheels, wheel 

spacings, and tire pressures (USDOT: FAA, 2016b).  

For the design process, from the list of aircrafts that were found in FAARFIELD 

the ten aircraft types with the heaviest gross taxi weight were used. The aircrafts are as 

follows: A343, A345, A346, A359, A388, B744, B748, B74S, B77L, and B77W 

(USDOT: FAA, 2016b). These aircrafts accounted for 13.0% of the total number of 

aircrafts that are expected to takeoff from Logan International Airport. Considering the 

fact that there are six runways, only a third of this air traffic was considered for design of 

a specific runway. As a result, the total number of aircrafts used was 11,202 which 

accounts for 4.33% of the total. 

3.2. Runway Pavement Structure 

The different layers of Runway 9/27 at Logan Airport are as follows: 5 inch of 

FAA P-401 asphalt, 9 inch of FAA P-401 asphalt base, 9 inch of P-209 crushed aggregate 

base course, and 16 inch of P-154 subbase (S. Dennechuk, personal communication, 

October 30, 2020). 

Table 3-1 provides the necessary values associated with the layers and materials 

that were used to calculate the strains at the critical locations from the LEA. 

 

Table 3-1: Pavement Layer Data (USDOT: FAA, 2016a) 

Order Layer Elastic 

Modulus 

(psi) 

Poisson’s 

Ratio 

Slip 

Surface P-401 Surface 200,000 0.35 0 

Base P-401 Base 400,000 0.35 0 

Aggregate P-209 Crushed 

Aggregate 

75,000 0.35 0 

Subbase P-154 Subbase 40,000 0.35 0 

Subgrade N/A 15,000 0.35 0 
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 3.3. Logan International Airport Pavement Design for 2029 

After having identified both the design parameters and the pavement structure, 

calculations for the design can proceed. To complete Step 3: Analyze Assumed Pavement 

Structure, use of the software WinJULEA is required (ERDC – WES, n.d.).  

Figure 3-2 is an example of the WinJULEA screen output with information for 

the A343 aircraft for Design 1. In Figure 3-2, the details for the A343 aircraft and 

pavement Design 1 are visible on the left half. On the right the computed stresses and 

strains for the pavement layers are visible. In this step the pavement layers, their 

properties, loads, contact areas, and critical locations for the computation of strains were 

input. The load and the contact area for each wheel was calculated as follows: 

Load Calculations (Mallick & El-Korchi, 2017) 

Load carried by main gear = 95% of gross weight 

Load carried by each wheel = Load carried by main gear/ total number of wheels 

Contact Area = Load carried by each wheel/tire Pressure 

 

Figure 3-2: Screenshot of WinJULEA used for LEA 

While each aircraft’s information was processed in WinJULEA, the highest radial 

tensile strain (Strain X or Strain Y) at the bottom of the lowermost asphalt mix layer, and 

the vertical compressive strain (Strain Z) on top of the subgrade were recorded for each 

aircraft. These strains were then utilized in the corresponding rutting or fatigue cracking 

equation. It is important to note that for the fatigue cracking equation the default/assumed 

values were used (Mallick & El-Korchi, 2017; Shen & Carpenter, 2007). After the value 

was found the damage from a single pass of that specific aircraft type was calculated and 

recorded. Then the CDF for rutting and fatigue were estimated. The CDF values from all 
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aircrafts were then further combined to get the overall respective CDF for the design. 

Each of the two overall CDF values (rutting and fatigue) are then compared against 1 to 

determine if the design is over or under designed. Figure 3-3, Figure 3-4, and Figure 3-5 

were taken from Design 1 of Aircraft A343 to illustrate the overall process as it went 

through the spreadsheet. Note, not everything included on the spreadsheet pages are 

visible in the figures, and that there may be an overlap of material for clarity. 

 

 

Figure 3-3: Design Starting Point 
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Figure 3-4: Failure Calculations 

 

 

Figure 3-5: Results 
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Figure 3-6 was taken from Design 1 and shows the last sheet of the spreadsheet 

for that design where the individual CDF value from each aircraft was added together to 

get the final CDF for the design. 

 

Figure 3-6: Combining Aircraft CDF Values 

 3.4 Design Results 

In this step of the design, the existing pavement structure was found to be under 

designed for the ten-year projected traffic, and hence a modification was needed. As this 

was an existing design, the surface layer was the only layer that could be changed, and 

this was the only modification that was considered in the design process. The design 

process resulted in an increase of thickness of the surface layer from 5 to 8 inch (Design 

1.2). Figure 3-7 and Figure 3-8 show schematics of the original and the new pavement 

structure. 
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Figure 3-7: Design 1 Schematic 

 

 

Figure 3-8: Design 1.2 Schematic 

Table 3-2 lists the rutting and fatigue CDF values for the Logan Airport Design 

(design 1) and the successful design 1.2 – which was be used to test the future conditions. 

 

Table 3-2: Cumulative Damage Factor for All Aircrafts in 10 years, Considering a Yearly 2% 

Growth 

Design Rutting CDF Fatigue CDF 

1 1.462379402 0.371759633 

1.2 0.752554864 0.007579877 

 

  

Design 1 

Surface: P-401, Thickness: 5 inch 

Base: P-401, Thickness: 9 inch 

Aggregate: P-209, Thickness: 9 inch 

Subbase: P-154, Thickness: 16 inch 

Subgrade 

Design 1.2 

Surface: P-401, Thickness: 8 inch 

Base: P-401, Thickness: 9 inch 

Aggregate: P-209, Thickness: 9 inch 

Subbase: P-154, Thickness: 16 inch 

Subgrade 
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Figure 3-9 corresponds to the information presented in Table 3-2. From the 

figure, the difference between the two designs and their CDF value type results are 

visible. For design 1, the rutting CDF was well over 1. While the fatigue CDF value was 

not over 1 for design 1, the value is higher than design 1.2’s value. Additionally, for both 

designs the factor that was controlling its failure was the rutting CDF as this value was 

the number closer to 1. 

 

 

Figure 3-9: Comparison of Cumulative Damage Factor for All Aircrafts in 10 years, 

Considering a Yearly 2% Growth, between Two Designs 
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4.0 Design of Runway for Logan for Reduced Passenger Air Traffic and 

Increased Freight Air Traffic 
 Design 1.2 from Chapter 3: Design of Runway for Boston Logan International Airport 

with Existing Air Traffic, was used as the starting point for this chapter and all changes were 

done to the design created in the previous chapter. The design change that was applied in this 

chapter had the goal of increasing freight aircrafts and decreasing passenger aircrafts. These two 

goals were combined into one design by changing the B747-8 to a B777 and changing the A388 

to an A350 and applying a five percent increase in the number of aircrafts for these smaller 

aircraft types. In this chapter no alterations were made to the pavement details. Changes were 

only applied to the aircrafts being used. 

 

4.01 Design Schematics 

As a reminder of the design layers, Figure 4-1 shows the schematics for design 

1.2. 

 

Figure 4-1: Design 1.2 Schematic 

 

 4.1 Application of Changes 

In this design process the heavier aircrafts were replaced by smaller aircrafts and 

then a five percent increase was applied to account for freight traffic. The difference 

between the original aircraft and the replacement aircraft types were the wheel spacing, 

total number of wheels, the gross weight of the aircraft, and the tire pressure (USDOT: 

FAA, 2016b). These differences therefore created different strain values which result in 

different final rutting and fatigue CDF values for designs. The values shown in Table 4-1 

were the CDF values of design 1.2 with the described changes. With the five percent 

increase the total number of aircrafts used in this design was 11,274 (4.363% of 258, 378 

– the original total).  

 

Design 1.2 

Surface: P-401, Thickness: 8 inch 

Base: P-401, Thickness: 9 inch 

Aggregate: P-209, Thickness: 9 inch 

Subbase: P-154, Thickness: 16 inch 

Subgrade 
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Table 4-1: Cumulative Damage Factor for All Aircrafts in 10 years with 5% Increase Applied to 

the Overall Quantity of Two Aircraft Types (B777 and A350) 

Rutting CDF Fatigue CDF 
0.136263238 0.003615849 

 

The figure shown, Figure 4-2, corresponds to the data presented in Table 4-1. Similar to 

design 1 and design 1.2 from chapter 3, the pavement structure under this loading conditions will 

experience failure first in rutting as that value was closer to one – although it was well below 1 

for the design life of 10 years. 

 

 

Figure 4-2: Comparison of Cumulative Damage Factors for Reduced Heavy and Increased Freight 

Aircrafts 
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5.0 Design of Runway for Logan International Airport with Predicted Traffic 

Plus 10% Supersonic Aircrafts 
 The goal of this design was to predict the impact supersonic aircrafts would have if the 

plans for their return proceed. In this step, the original design 1.2 (created in chapter 3) was 

considered with an additional supersonic aircraft. In the absence of any existing actual 

commercial supersonic aircrafts, the specific supersonic aircraft used for the additional 10% was 

the Concord as found in FAARFIELD (USDOT: FAA, 2016b). The 10% increase in design 

caused an increase in the total number of aircrafts to 13,323. 

5.01 Design Schematics 

Figure 5-1 shows the schematics for design 1.2. 

 

Figure 5-1: Design 1.2 Schematic 

 

 5.1 Effect of Supersonic Aircrafts 

Table 5-1 contains the final CDF values for the designs considering the effects of 

supersonic aircraft damage. The difference in CDF values between these values and the 

original design CDF values were small. 

 

Table 5 -1: Cumulative Damage Factor for Designs with an Additional 10% Quantity of Supersonic 

Aircrafts 

Rutting CDF Fatigue CDF 

0.753404987 0.007789342 

 

Figure 5-2 corresponds to the data presented in Table 5-1. As with the versions of design 

1.2 in chapter 3 and chapter 4, the factor that would cause failure first for this design was the 

rutting failure. However, the design factors are still below 1 allowing the design to pass. 

Design 1.2 

Surface: P-401, Thickness: 8 inch 

Base: P-401, Thickness: 9 inch 

Aggregate: P-209, Thickness: 9 inch 

Subbase: P-154, Thickness: 16 inch 

Subgrade 
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Figure 5-2: Comparison of Cumulative Damage Factors for Designs with an 

Additional 10% Supersonic Aircrafts 
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6.0 Design for Combination of Reduced Passenger, Increased Freight, and 

Supersonic Aircrafts 
 

 The goal of the design in this chapter was to take all conditions created in previous 

chapters and combine them together to create a design that could handle all future expected 

conditions post-COVID-19. As a result, the following design included all the variations in 

aircraft types and quantities. 

6.01 Design Schematics 

Figure 6-1 shows the schematics for design 1.2. 

 

 

Figure 6-1: Design 1.2 Schematic 

 

 6.1 Combination Effect 

Table 6-1 shows the resulting CDF values from utilizing all aircraft alterations 

used in this MQP. These alterations were the addition of a supersonic aircraft, 

replacement aircraft types, and a five percent increase in quantity for two specific aircraft 

types (B777 and A350). 

Table 6-1: Cumulative Damage Factor for All Expected Conditions  

Rutting CDF Fatigue CDF 

0.137113362 0.003825314 

 

The figure below, Figure 6-2, corresponds to the data presented in Table 6-1. As was 

evident with each of the versions of design 1.2, the rutting failure CDF was the closest to 1. 

Design 1.2 

Surface: P-401, Thickness: 8 inch 

Base: P-401, Thickness: 9 inch 

Aggregate: P-209, Thickness: 9 inch 

Subbase: P-154, Thickness: 16 inch 

Subgrade 
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Figure 6.2: Comparison of Cumulative Damage Factor for Design with the Combination of all 

Changes in Air Traffic   
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7.0 Design Cost and Comparing Designs 
The purpose of this chapter was to compare the different CDF values and estimate the 

cost of the designed pavement structure. 

 7.1 Material Pricing and Design Prices 

Table 7-1 lists the costs of the different materials that were utilized to estimate the 

cost of the entire pavement structure from the subbase (S. Dennechuk, personal 

communication, March 8, 2021). 

Table 7-1: Unit Pricing for Pavement Material (S. Dennechuk, personal communications, March 8, 2021) 

Layer Material Units Unit Price ($) 

Surface P-401 Tons 150.17 

Base P-401 Tons 153.17 

Aggregate P-209 CY 66.67 

Subbase P-154 CY 60.67 
 

The following steps were conducted to calculate the total cost for each design. The example used 

in the steps was taken from the calculation of Design 1’s cost: 

Step 1: Convert the layer’s thickness units to feet 

12 inch = 1 foot  

Thickness (inch)/ 12 inch = Thickness (feet) 

Table 7-2: Layer Thickness Unit Conversion 

Layer Material Thickness (in.) Revised Thickness 

(ft.) 

Surface P-401 5 0.42 

Base P-401 9 0.75 

Aggregate P-209 9 0.75 

Subbase P-154 16 1.33 

TOTAL  39 3.25 

 

Step 2: Calculate the volume of each layer (FAA Information Effective 25 February 2021, n.d.) 

Layer thickness x Length of Runway x Width of Runway = Volume (cubic feet) 

*Layer value* x 7001 ft. x 150 ft. = Volume (cubic feet) 

Table 7-3: Calculated Layer Volume 

Layer Thickness (ft.) Length of 

Runway (ft.) 

Width of 

Runway (ft.) 

Volume (cubic 

feet) 

Surface 0.42 7001 150 437562.5 

Base 0.75 7001 150 787612.5 

Aggregate 0.75 7001 150 787612.5 

Subbase 1.33 7001 150 1400200 
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TOTAL 3.25 7001 150 3412987.5 

 

Step 3: Convert volume to yards and tons – if needed (Convert Ton Register to Cubic Yard, n.d.) 

1 yard = 3 feet 

1 cubic yard = 3 ft. x 3 ft. x 3ft. = 27 cubic feet  

Volume (cubic feet)/ 27 cubic feet = Volume (cubic yard) 

1 ton = 3.703 cubic yards 

Volume (cubic yard)/ 3.703 cubic yard = Volume (tons) 

Table 7-4: Layer Volume Unit Conversions 

Layer Volume (cubic feet) Volume (cubic 

yards) 

Volume (tons) 

Surface 437562.5 16206.02 4376.457 

Base 787612.5 29170.83 7877.622 

Aggregate 787612.5 29170.83 N/A 

Subbase 1400200 51859.26 N/A 

TOTAL 3412987.5 126406.9 N/A 

 

Step 4: Price for layer 

 Volume (tons) x Unit price for layer = layer price OR 

 Volume (cubic yard) x Unit price for layer = layer price 

Table 7-5: Calculated Layer Price and Total Price 

Layer Volume (cubic 

yards) 

Volume (tons) Unit Price ($) Price ($) 

Surface 16206.02 4376.457 150.17 657197.9 

 

Base 29170.83 7877.622 153.17 1206589 

 

Aggregate 29170.83 N/A 66.67 1944722 

 

Subbase 51859.26 N/A 60.67 3146128 

 

TOTAL 126406.9 N/A N/A 6954638 

 

Step 5: Total Price 

 Summing all the Layer prices together = Total Price 
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Table 7-2 shows the overall cost for design 1 and design 1.2. Although design 1 

was unusable as it had initially failed, the cost is included for comparison to show how 

much of a price difference an additional three inches of P-401 material can cause. 

Table 7-6: Comparison of Overall Design Cost Based on Material Pricing 

Design Overall Cost for the Entire Runway 

1 $6,954,637.60 

1.2 $7,348,956.30 

 

   

 7.2 Comparison Between Designs 

  Table 7-3 shows the CDF values for all the variations of the designs that were 

considered in this MQP. Ignoring design 1’s CDF values as this design failed, the two designs 

with the highest CDF values was the initial pre-COVID-19 design 1.2 and the design 1.2 that had 

the conditions of pre-COVID-19 and supersonic air traffic, both of these high values were 

associated with the rutting failure of the design. Of all the design variations, design 1.2 that 

considered an increased freight and decreased passenger traffic had the lowest CDF values. The 

final Design 1.2 was the only design that considers every condition and has the second lowest 

CDF values. 

Table 7-7: Compilation of Cumulative Damage Factors  

Design Structure Rutting CDF Fatigue CDF 

Design 1: Logan 

Airport Pre-COVID-

19 

5 inch of surface 

P-401 

1.46 0.37 

Design 1.2: Logan 

Airport Pre-COVID-

19 

8 inch of surface 

P-401 

0.75 07.57 x 10-3 

Design 1.2: Increased 

Freight and Decreased 

Passenger Traffic 

8 inch of surface 

P-401 

0.13 3.61 x 10-3 

Design 1.2: Pre-

COVID-19 and 

Supersonic Traffic 

8 inch of surface 

P-401 

0.75 7.78 x 10-3 

Design 1.2: All 

Combinations 

8 inch of surface 

P-401 

0.13 3.82 x 10-3 

 

Figure 7-1 corresponds to the data presented in Table 7-3. 
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Figure 7-1: Comparison of Compilation of Cumulative Damage Factors 
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8.0 Summary 
Departure data from Logan International Airport from 2019 was applied a two percent 

yearly growth for ten years to get a final cumulative number of aircrafts taken off. From this 

information, the ten aircrafts with highest taxi load were used as the influencing aircrafts for 

designing a runway pavement with a consideration of post-COVID-19 conditions. Considering 

multiple runways, a third of the air traffic was utilized for the design of a single runway asphalt 

pavement. Mechanistic-empirical analyses were conducted with the help of layered elastic 

analysis. The four specific cases that were considered for the design are as follows: pre-COVID-

19 traffic, increased freight and decreased passenger air traffic, pre-COVID-19 and supersonic 

traffic, and a combination of all the conditions. Figure 8-1 presents the details of the pavement 

design that passed all air traffic conditions. The cost for this design, Design 1.2, was 

$7,348,956.30 (for the entire runway) for a volume of 136,130.56 cubic yards, based on current 

pricing being used at Logan International Airport for runway repair. 

 

 

Figure 8-1: Design 1.2 Schematic  

Design 1.2 

Surface: P-401, Thickness: 8 inch 

Base: P-401, Thickness: 9 inch 

Aggregate: P-209, Thickness: 9 inch 

Subbase: P-154, Thickness: 16 inch 

Subgrade 
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Appendix 
 

Appendix A: Example of Logan Airport 2019 Air Traffic Data 

 

 

Figure A-1: Example of Logan Airport 2019 Air Traffic Data 
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Appendix B: Design 1.2 
 

 

Figure B-1: Design 1.2 Aircraft A343 

 

 

Figure B-2: Design 1.2 Aircraft A345 
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Figure B-3: Design 1.2 Aircraft A346 

 

 

Figure B-4: Design 1.2 Aircraft A359 
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Figure B-5: Design 1.2 Aircraft A388 

 

 

Figure B-6: Design 1.2 Aircraft B744 
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Figure B-7: Design 1.2 Aircraft B748 

 

 

Figure B-8: Design 1.2 Aircraft B74S 
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Figure B-9: Design 1.2 Aircraft B77L 

 

 

Figure B-10: Design 1.2 Aircraft B77W 
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Figure B-11: Design 1.2 Cumulative Damage Factors 

 

 


