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Introduction

▪ Friction is a vital factor that administers the

safe takeoff and landing of aircraft.

▪ Currently, grooves are adopted on runway

pavements to ensure adequate friction.

▪ Groove closure is a common incident and a

prominent form of distress.

▪ The scale of the reduction of groove

dimensions has not been quantified

theoretically.
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Introduction

▪ A brief of groove closure prediction modeling

fabricated based on the FAA National Airport

Pavement Test Facility (NAPTF) investigation

by Wang and Larkin (2019).

▪ GeneXProTools 5.0 software was

implemented to generate the genetic

programming (GP) model where wheel pass

number, load intensity, pavement layer

thickness, and temperature were considered

as parameters.
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Research Objectives

▪ Describes the significance of runway grooving,

including current techniques and standards of

groove installation.

▪ Discuss possible groove distresses.

▪ Reviews various prospective prediction

modeling tools.

▪ A brief prediction model of groove area

deterioration using GeneXProTools 5.0

software.
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Runway Friction Deterioration

▪ Mechanical wear and polishing action

▪ Rubber deposition

▪ Structural failures-rutting, cracking, raveling, 

joint failure,

▪ Contaminants-oil spillage, dust particles, jet 

fuel, water, snow
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Runway Friction Resurgence

▪ Runway grooving 

▪ Open Graded Friction Course

▪ Stone Mastic Asphalt

▪ Sprayed or ‘chip’ sealing
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Runway Grooving Techniques 
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Runway Groove Distresses 

▪ Groove Closure

▪ Rubber Deposition 

▪ Erosion

▪ Edge Breaking

▪ Other Distress- cracking, spalling, wearing
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Pavement Performance 

Prediction Models 
 Deterministic Models

◦ Structural Performance Models

◦ Functional Performance Models

 Probabilistic models

◦ Survivor Curves

◦ Simulation Models

◦ Markovian Models

 System Dynamic Study

 Artificial Neural Network (ANN)

 Genetic Programming (GP)
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Predictive Modeling by Genetic 

Programming (GP)
▪ GeneXProTools 5.0 was utilized.

▪ This modeling utilized four basic operators (+, -, ×, /)

and some other functions, including x2, √3, ln, and

exp.

▪ GP-based model delivers a mathematical equation

evolved from the expression trees (ETs)

▪ ETs contain several genes denoted as sub-ETs.

▪ Each sub-ETs owns some chromosomes that contain

either any of the input parameters or a function.

▪ The chromosome in the terminals are denoted as

heads.

▪ Experimental datasets are divided into training and
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Data Collection

▪ Wang and Larkin (2019) evaluated the groove shape

changes (Depth, width, and area) in National Airport

Pavement Test Facility (NAPTF).

▪ Long-term loading performed between July 2014 and

June 2016.

▪ Six-wheel triple tandem with a loading capacity of 55

kips-65 kips per wheel at 2.5 mph up to 37290 vehicle

passes.

▪ Subbase and Asphalt layer had variable thicknesses

along the wheel path.
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Data Collection
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Figure 3 : Profile of structural set at different sections of wheel track
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Variables

Wheel load(L): 55-65 Kip

Pass number(n):  37290 Nos.

Subbase (tsb): 10-15 Inch

Asphalt (ta): 34-39 Inch

Max Temp(t) : 9-34 °c

X-Sectional Area: 0.034-0.065 Sq-in

Figure 4 : Groove X-sectional area against Wheel pass number 

(Wang and Larkin, 2019) 
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General input Settings Symbolic Function Set

Independent variables input: Function Symbol Weight Arity

• d(0) : Wheel Pass number (Number) Addition + 4 2

• d(1) : load (Kips) Subtraction - 4 2

• d(2) : Subbase Thickness (inch) Multiplication * 4 2

• d(3) : Asphalt Thickness (inch) Division / 1 2

• d(4) : Maximum Temperature (°C) Exponential Exp 1 1

Dependent variable input: Natural logarithm Ln 1 1

• Groove Cross-Sectional Area (Sq-inch) x to the power of 2 X2 1 1

Output: GEP model estimate (Sq-inch) Cube root 3Rt 1 1

Number of training samples: 62 Arctangent Atan 1 1

Number of validation samples: 19 Minimum of 2 inputs Min2 1 2

Number of chromosomes: 30 Maximum of 2 inputs Max2 1 2

Head size: 8 Average of 2 inputs Avg2 4 2

Fitness Function: RMSE (Root Mean Squared Error) Hyperbolic tangent Tanh 1 1

Linking Function: Addition Complement NOT 1 1

Stopping criterion: Maximum Fitness Inverse Inv 1 1

Input Variable and Model 

Configuration
Table 1: GEP Model configuration
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Model Generation
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No. of 

Gene

Genetic Expression Tree of model 

component

Independent variables Constants 

evolved

G1 d2= Subbase Thickness 

d3= Asphalt Thickness 

d4= Maximum 

temperature 

c3= 6.410

G2 d0= Pass number 

d1= load 

d3= Asphalt Thickness 

c2= 0.9308

G3 d0= Pass number 

d1= load 

d3= Asphalt Thickness 

c2= 6.625

c6= 7.364

c7= -311.575

Results and Discussions

Maximum Number of 

Chromosomes used- 13

Maximum Number of 

Head size used- 6

Number of variables 

used - 5

Number of Genes 

(Sub ETs) evolved-3

Constants

Table 2 : The GEP model details
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Model Equation

fga = POWER(TANH(1-(d3-6.41)),(1/3))/TANH(LN(d4*d2))+TANH(POWER((d3-

POWER((POWER(d0,1/3)-(0.9308+d1)/2),1/3)),1/3))+1/((((7.364*6.625/d3)+d1)/2

+ATAN((-311.575+d0)/2))/2

Results and Discussions

Spread Sheet Equation 
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Phase Fitness R2 MAE RMSE RAE RRSE

Training 998.42 0.931 0.00118 0.00156 0.276 0.278

Validation 997.16 0.946 0.00256 0.00278 0.572 0.540

Results and Discussions

Table 3: R2 and errors of training and validating of the model



Results and Discussions
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Variables
Statistical Parameters

Min Max Median
Std. 

Deviation
Skewness Kurtosis

Pass number (n) 0.00 37290.00 11338.00 10289.19 0.88 -0.01

Load (Kips) (L) 55.00 65.00 55.00 2.64 3.31 9.21

Subbase Thickness 

(inch) (Tsb)
34.00 39.00 37.00 2.07 -0.24 -1.52

Asphalt Thickness 

(inch) (Ta)
10.00 15.00 12.00 2.07 0.24 -1.52

Maximum 

temperature(°C) 

(tmax)  

9.00 34.00 27.00 7.52 -0.62 -0.69

Groove Cross-

Sectional Area        

( Sq-in) (Y)

0.034 0.065 0.049 0.006 -0.450 0.636

Table 4: Statistical parameters of variables
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R² = 0.9308

R² = 0.9457
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Figure 5 : Predicted and experimental Groove X-Sectional Area 

(Training & Validation Phase)
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Figure 6: Target sorted fitting of data (Training & Validation phase)
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Figure 7: Stacked distribution of data (Training & Validation Phase)



Conclusions 

▪ A GP Model has been developed successfully.

▪ R2 obtained for training and validation are

0.931 and 0.945 which indicates the model

fitted with experimental data reasonably well.

▪ Airport authorities can rearrange and fit the

model depending on their specific construction,

loading characteristics, and frequency.

▪ This will deliver a general prediction view of

their groove life and timeframe of its functional

condition and timely maintenance to ensure

adequate friction.
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Thank You
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