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Abstract: To enhance aircraft operational safety on grooved pavements with snow pollution, a finite
element model for aircraft tire-grooved pavement with snow slurry pollution was established based on
the smoothed particle hydrodynamics (SPH) method. The reliability of the model was validated using
NASA full-scale snow slurry taxiing test data and ESDU theoretical formulas. The operation status
of the Airbus A320 aircraft at different taxiing speeds, snow slurry thicknesses, and tire wear degrees
was simulated. The influences of rectangular, trapezoidal, and V-shaped pavement grooves on tire
forces and snow splashing characteristics were compared and analyzed. According to the analysis

results, trapezoidal grooves have the best drainage capacity for pavement pollutants. Compared with
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rectangular and V-shaped grooves, the pavement support force provided by trapezoidal grooves
increases by up to 8. 36% and 10.92%, respectively, with the displacement resistance lower by up to
12.30% and 19.00%. The depth of pavement grooves significantly affects the critical dangerous
speed of the aircraft. As the groove depth reduces from 6 mm to O mm, the critical dangerous speed

decreases from 73 to 69 m+s !

. The snow splash quantity by tires exhibits significant differences from
large to small, with V-shaped grooves, rectangular grooves, and trapezoidal grooves showing distinct
patterns, and trapezoidal grooves have a better suppression effect on tire snow splashing. The snow
splash quantity in the dangerous area of the engine intake port drops by about 23% compared with V-
shaped grooves. Tire groove depth significantly affects skid-resistant performance. When the groove
depth wears to 3 mm (wear rate of 70%) , the rolling friction force decreases by more than 30%
compared with new tires. The snow splash quantity increases by 33.19%, necessitating the timely
replacement of the tire. These findings provide a theoretical basis for airport pavement skid-resistant
design and tire maintenance.
Keywords: airport engineering; grooved pavement; SPH algorithm; tire-pavement interaction;
snow slurry pollution; critical dangerous speed
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Fig. 1 Contact process between aircraft tire and snow slurry polluted

pavement
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Fig. 2  Stress situation of snow slurry micro-element
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Table 1 Main parameters of A320 tire
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Fig. 5 Infinite element boundary area inside snow slurry
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Table 3 Material parameters in the inner area of snow

slurry model

ZH W fE
W/ (kgem ™) 720
I VR R e /(s ™D 1400
LHFE/(Pars) 0.212 5~0.247 0
R F38 Bk LG B B 0
& RS 0

o 25 2 52 B 8 TG AL | 220 R T ASE AR | 5 A
T $52 P 8 e 7 A7 i R AT B I, G vb A i A L7 R
BT kT 1) BB A B S IS Qe R R A 1 m Ak, 553
15 YL W AT T A A TR 2 R DX ) R

i)
HfEE 5T

i
Rl

el 153 kN

18 e ifi -5 9 7 Yl 20 M T T AT FR A Y

Fig.8 Finite element model of tire-grooved pavement with snow slurry pollution
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Fig.9 Lateral displacement distribution characteristics of snow slurry
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Table 5 Comparison of critical dangerous speed of aircraft
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Table 6 Comparison between simulation results and measured results of friction coefficient of grooved pavement with snow slurry pollution
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Table 7 Representative values and rate of change for pavement support force and displacement resistance of tire under different groove types
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Fig. 13 Relationship curves between support force and speed under

different pavement groove depths
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Table 8 Critical dangerous speed of tire corresponds to grooved

depth of different pavements
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Fig. 15 Rolling frictions of tire under various tire groove depths
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Fig. 16 Relationship curves between support force and speed under

various tire groove depths
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Table 9 Rolling friction force and drop rate of tires under different groove depths
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Fig. 20 Variation curves of snow splash quantity of tire with thickness

of snow slurry under different speeds
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snow slurry under different groove types
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Fig. 22 Variation curves of snow splash quantity with thickness of
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