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Context
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(P. Smith & Schonfeld, 1971) p (MTMD,2025)
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Context

Materials Traffic Environment

|

(Angerinos et al., 1999; Kossi and (Frith et al., 2004, Snilsberg et al., 2017; (Lampinen, 1993) (Kayser, 1973; Lind, K., 2015)
Raatikainen, 2019) Keyser, 1970)




Materials and methods

Material
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Wear rutting model
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Monte Carlo
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Laboratory traffic simulator
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Model the tire motion using random numbers

Parameters:

R Tire radius
S Number of studs
L Length of the surface

L can be divided into segments of characteristic
size Ax

| )
1

Once one stud hits the surface: o

Hi — H@ +1 ’ Ti

(Riascos, 2019, Newman and Barkema,1999) 6



Convert surface hits into particle detachment

e From the hits on each asphalt segment, particle detachment is decided RANDOMILY.

o Analogous to evaporation, asphalt particles “evaporate” due to stud impacts.
Metropolis Algorithm

Given a current configuration C, propose a new configuration C’.

e Compute the energy change
AE = E(C") - E(C)
T: Temperature of the system modelled
e Accept the move with probability

- AE <0
U e T AE>0

e Otherwise, reject the move and keep the current configuration.

(Newman, M. E. J. and Barkema, G. T. (1999). Monte Carlo methods in statistical physics. Clarendon Press, Oxford)
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Example: Janus Particles

Janus particles Janus particles
at temperature T at higher temperature

(K. Mitsumotoa, H. Yoshino, Orientational ordering of closely packed Janus particles, Soft Matter, 2018,14, 3919-3928 )
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A model for asphalt surface wear

Y Damage sensitivity
A quantity similar to the energy in the Controls the degradation rate under repeated impacts

Metropolis Algorithm: * Low: more resistant material
* High: faster degradation

1 — — —
& =Eo s(H_, +H "+ H)

v Detachment threshold
Stochastic particle detachment Energy threshold for particle release.

If & > VE, * Strength
e Stud—pavement interaction

Particle release occurs with probability

A Stochastic detachment factor
g —VE, Controls spontaneous particle release probability.
p = ¢exXp|— E A * Low: particles remain attached
(Eo/\) P
* High: easier detachment

(Aging in transport processes on networks with stochastic cumulative damage, A. P. Riascos, J. Wang-Michelitsch, and T. M. Michelitsch, Phys. Rev. E
100, 022312, 2019)




Numerical tests

Rutting rate

0 20 40 60 SO 100
Cyecles (x1000)

(Loaiza D, et al., Monte Carlo modeling of asphalt surface wear under studded-tire traffic, accepted for publication in the Journal of Cold Regions
Engineering-2026)
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cycles [x1000]
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Numerical tests + Laboratory test
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(Loaiza D, et al., Monte Carlo modeling of asphalt surface wear under studded-tire traffic, accepted for publication in the Journal of Cold Regions

Engineering-2026)
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Numerical tests
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(Loaiza D, et al., Monte Carlo modeling of asphalt surface wear under studded-tire traffic, accepted for publication in the Journal of Cold Regions
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Numerical tests + Laboratory test
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(Loaiza D, et al., Monte Carlo modeling of asphalt surface wear under studded-tire traffic, accepted for publication in the Journal of Cold Regions
Engineering-2026)
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Conclusions

1 Monte Carlo framework captures the stochastic nature of stud impacts and
particle detachment.

(1 Model reproduces transition from nonlinear to steady linear wear response.
A strongly correlates with rutting rate in the lab.
d Lower A » higher-quality materials and improved wear resistance.

 Supports mixture design and long-term pavement performance in cold
regions.
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