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Abstract 

Asphalt pavements weaken over time due to the effect of environment and heavy traffic loading on paving constituents. Rutting, 

fatigue cracking and low temperature cracking are the major distresses responsible for degradation of the pavement and 

consequently leads to the failure of flexible pavement. Asphalt pavement is directly exposed to atmosphere and hence, suffers the 

effects of weather, environment and automobiles. Apparently, for a new asphalt pavement, even though there is no vehicle 

loading or other artificial activities, deterioration can also appear under climate and environment effects. In recent years, thermal 

cracks and low temperature distresses have become key concern for asphalt pavements in cold regions. In case of rutting of 

asphalt mixtures, aggregate characteristics play an important role, whereas, the properties of binder are more related to fatigue. 

Although the properties of asphalt binder can have a great influence on the performance of pavement, the role of aggregate 

gradation cannot be ignored in providing resistance to rutting and reducing permanent deformation. Gradation has significant 

effects on asphalt mixture’s Freeze-Thaw (F-T) durability. This paper reviews research conducted on the various properties viz., 

fatigue, rutting, air voids, compressive strength, etc. of bituminous mixes which are under the influence of F-T cycles. This paper 

also discusses the effect of F-T cycles on stability of bituminous mixes.* 
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1. Introduction 

All civil infrastructures are facing the problem of deterioration and is being considered as a serious issue 
worldwide (Hong and Prozzi, 2006; Zhang and Damnjanović, 2006). Asphalt  pavements are influenced by two 
main types of loading: mechanical loading especially due to heavy trucks, and, climatic effects as a result of 
moisture, temperature, and freeze-thaw cycle (Badeli et al., 2018). Asphalt Pavements are one of the key part of 
transportation infrastructure, which is exposed to atmosphere, suffering from environmental impact and the load 
of the vehicles directly (Huang, 2004). Asphalt is a thermoplastic material and is one of most important 
constituents of asphalt mixture. The flexible pavements are subjected to deterioration from seasonal freezing and 
thawing (Karen et al., 2005). Rutting, Fatigue cracking and cracking at low temperature are the main problems 
that cause the degradation of the paving materials and thus results in failure of flexible pavement (Lytton et al., 
1983; Si et al., 2013; Vinson et al., 1989; Ziari et al., 2015). Low temperature cracking occurs when the thermal 
tensile stress in asphalt pavements exceeds its tensile strength (Huang, 2004). Numerous studies have concluded 
that distresses of the pavement has important relation with climate, the environment and loads (Feng et al., 2010; 
Huang, 2004; Si et al., 2013). Under the effects of repeated vehicle loading at elevated temperature, moisture 
changes, and low-temperature contractions, Asphalt Concrete (AC) mixtures are susceptible to damages caused 
due to rutting (permanent deformation), stripping (separation of asphalt from aggregates), and cracking 
(temperature contraction) (Huang, 2004).  Water infiltration combined with the variation of temperatures 
deteriorates the adhesive bond between aggregates and binder (Gubler et al., 2005) .In the cold areas, the useful 
life of pavement decreases due to the Freeze-Thaw (F-T) cycles. During the F-T cycles, the ambient temperature 
repeatedly changes from positive to negative, and the pavement suffers from repeated thermal stresses and 
moisture influences. The compressive strength and resilient modulus of asphalt mix decreases when it is 
subjected to F-T cycles (Ma et al., 2015). In bituminous layers, a decreasing temperature has an effect on the 
binder, resulting in an increasing stiffness (Simonsen et al., 1997). From structural point of view, these changes 
in layer moduli are generally not critical, since the overall bearing capacity of the road structure is increased 
during freeze-up. However, the functional performance of the structure gets decreased due to uneven frost heave 
and thermally induced cracks (Simonsen and Isacsson, 1999). During spring thaw, the pavement structure can 
become saturated with thawing ice, and the bearing capacity is significantly reduced (Simonsen et al., 1997). 
Significant settlements can occur under such conditions, if the structure is exposed to heavy freight vehicles. The 
stability of Hot Mix Asphalt (HMA) pavements depends on the stiffness of the mixture, the  bitumen content, the 
softening point of the bitumen, the viscosity of bitumen, the grading of aggregates, construction practice, traffic 
and climatic conditions (Cooper et al., 1974). The effect of varying temperature and exposure time on the 
stability of asphalt mixture using destructive and non-destructive methods was investigated. It has been found 
that the temperature of the environment considerably decreased the stability of asphalt concrete (AC) (Ozgan, 
2007). 

2. Engineering properties of HMA 

Various studies have been carried to study the effect of F-T cycles on AC. The various properties affected are: 
 

2.1. Thermal cracking and fatigue 

Fatigue is a process in which the pavement deteriorates due to cracking because of irrecoverable strains that 
are built up over a period of time due to repeated loading (Sousa et al., 1991). Most of the past studies addressed 


