
Current state of research in the field of measures regarding the prevention and combat of 

the freeze-thaw phenomenon of roads from the patent literature 
 

Sebastian Petru Boboc 

Technical University “Gh. Asachi” of Iasi, Romania 

bobocsebastian@gmail.com 
 

Abstract: Patents for inventions in the field of measures for preventing and combating the freeze-thaw phenomenon of roads address a topic 

related to the evolution of technology. Of particular importance is the stabilization of the substrate of the road transport route. An invention 

(J. Hornegger, N. Zanfir, M. Alupoaie, 2012) relates to a mixture used for the substrate of access roads and / or platforms.  This invention 
relates to another invention (Y. Kadono, T. Nakazato, E. Miura, T. Kitamura, 1975) about a paved roadbed composed of a lower roadbed 

layer, an intermediate layer made of sulfur, an upper roadbed layer and a surface top layer. Another invention (D. Lee, K. Hong-joo, 2016) 

relates to a repairing and reinforcing ultrarapid hardening mortar composition, and to a method for repairing and reinforcing a road 
surface. Another invention (M. Radu, F. Radu, L. V. Pasăre, I. A. Buzuriu, P. Pârvu, C. G. Mudreţchi, C. Răcănel, A. Burlacu, V. Tiron, 

2018) relates to a process for preparing ecological composite asphaltic mixtures to be used as road structures.  
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1. Introduction 

Road complexes are affected by the freeze-thaw phenomenon. 

At temperatures of 0˚C free water passes from liquid to solid state, 
through the phenomenon of freezing. Freezing of water from the 

pores leads to changes in the physical and mechanical properties of 
the road layers, among them we can mention: important volume 

variations, increases of mechanical strengths (by increasing 
cohesion) during frost, decrease of permeability and decrease of 

mechanical strengths during thawing. These changes can be 
explained by the increase in water volume of approx. 9% by frost. 

By increasing the volume of water by freezing there is a swelling of 

the bituminous coatings due to ice crystals that tend to dislodge the 
particles from the initial position, destroying the structure of the 

road layer. 
In the case of the non-rigid road system, the following effects 

may occur due to the freeze-thaw phenomenon: 
- irregular swellings (bellows), possibly accompanied by cracks 

and fissures, of the bituminous coatings; 
- cracks, fissures, faience, cracks and local deformations during 

the thawing period. 

Patents in the field of measures to prevent and combat the 
phenomenon of freeze-thaw roads address a multiple and complex 

issue, closely related to the current evolution of technology. The 
following are examples of some of the most representative patents 

in this field. 
 

2. Results and discussion 

Of particular importance is the stabilization of the substrate of 
the road transport route. The substrate of the track is that layer of 

non-cohesive material placed between the track prism and the upper 
face of the embankment. An invention (J. Hornegger, N. Zanfir, M. 

Alupoaie, 2012) [1] relates to a mixture used for the substrate of 
access roads and / or platforms. The mixture for the track substrate 

which is the subject of the invention is intended to replace the 
ballast distribution layer at the access roads, providing protection to 

the track bed. The mixture according to the invention consists of 

70% recycled crushed stone or new crushed stone, crushed and 
sieved, and 30% natural aggregates, such as gravel and sand. 

The technical problem solved by the invention consists in 
protecting the track bed by increasing the frost resistance and 

improving the distribution of the efforts from permanent loads and 
from payloads. The mixture for the track substrate that is 

constituted in proportion of minimum 30% natural aggregates and 

maximum 70% recycled crushed stone, crushed and sifted, the 
mixture having a well determined granulometry, a homogeneous 

composition with a content of fine particles with diameter d <0.05 
mm less than 3% and the organic matter content less than 1% by 

weight. 

The mixture for the track substrate has a particle size 
determined by sieving through sieves of different sizes, shown in 

Table 1. 

 
Table 1: Granulometry of the roadway substrate. 

Sieves diameter 
[mm] 

Mixture of recycled crushed stone 

and natural aggregates 
[%] 

63 100 

45 80-100 

32 70-95 

16 50-73 

8 37-60 

4 26-48 

2 18-40 

1 14-32 

0,5 8-25 

0,25 4-18 

0,12 0-10 

0,06 0-3 

0,02 - 

 

The mixture for the track substrate according to the invention 
consists of a mixture of 11 natural aggregates having the non-

uniformity coefficient Un > 15, the equivalent diameter d85 > 10 

mm, the permeability coefficient K < 1 x 10-6 m/s for the degree of 
compaction Proctor D = 95%. 

By applying the invention, the following advantages are 
obtained: 

- the mixture offers protection to the track bed, being made of 
frost-resistant granular materials; 

- provides a good distribution of efforts from permanent loads 
and payloads; 

- creates a good load-bearing capacity; 

- achieves a uniform elastic environment on the entire road 
platform. 

This invention relates to another invention (Y. Kadono, T. 
Nakazato, E. Miura, T. Kitamura, 1975) [2] about a paved roadbed 

composed of a lower roadbed layer, an intermediate layer made of 
sulfur, an upper roadbed layer and a surface top layer, the overall 

thickness of the upper roadbed layer and surface top layer being 
greater than about 8 inches and the sulfur layer being positioned 

atop the existing water table and being about 4-12 inches thick. 

Fig. 1 represents a longitudinal sectional view illustrating an 
example of a paved roadbed according to the present invention.  

The roadbed comprises a lower roadbed layer 1 which consists 
of a roadbed base 2 formed by leveling the natural ground and an 

overlying layer 3 of any conventional roadbed material such as 
sand. As an alternative, the layer 3 may be formed by rolling 

directly the roadbed base 2 without using a roadbed material. 

Atop the lower roadbed layer there is a layer 4 formed 

substantially of sulfur. Sulfur used therein is solid sulfur such as 
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grainor flake-shape. The sulfur layer 4 is not always percent sulfur, 

but may be made substantially of sulfur.  

 

 
Fig. 1 Longitudinal sectional view of a paved roadbed. 

 
The sulfur layer 4 is positioned atop the water table or 

underground water level 5. 

Atop the sulfur layer 4 there is provided an upper roadbed layer 
6. It is preferable that the upper roadbed layer 6 be formed of 

conventional roadbed material, or a material of small particles. 
Over the layers 7, 8 and 9 there is a surface layer 10, the upper 

surface of which corresponds to the so-called road surface 11. 

This invention contemplates therefore an improvement in paved 

road surface, by utilizing two known but heretofore unexploited 

properties of sulfur. It has been proven through experiments that the 
paved roadbed according to this invention undergoes no adverse 

influence under the severe weather condition existing in the 
extremely cold regions, and no frost heaving phenomenon, with the 

result of a notably longer service life.  
Another invention (H. Sang-il, J. J. Woo, 2017) [3] relates to an 

asphalt concrete admixture for road pavement which is improved in 
the effect of suppressing ice formation in the asphalt concrete 

mixture used for road pavement by mixing the same. 

This invention relates to an asphalt concrete admixture for road 
pavement which is capable of reducing the risk of freezing, and an 

asphalt concrete admixture containing the same. The slip accident 
can be prevented by reducing the phenomenon of freezing of the 

road surface due to snow or rain during the winter season. In 
addition, it does not contain chloride as an additive, so it prevents 

corrosion of metal and concrete due to chloride ion (Cl -), and can 

prevent environmental pollution such as soil pollution and water 
pollution. The present invention also provides an asphalt concrete 

improved in slip resistance performance while maintaining the 
inherent physical properties of asphalt concrete even when the 

asphalt concrete admixture for road pavement, in which the 
inorganic salt, the porous body and the organic acid in the asphalt 

concrete mixture are embedded. 
This invention proposes a multifunctional road pavement 

coating material which is excellent in absorbing power of snow 

removing agent, effectively prevents freezing of the road pavement 
surface and temperature rise, and has high ultraviolet stability.  

The present invention relates to an asphalt concrete additive for 
road pavement which is improved in the effect of suppressing ice 

formation. The additive may include 4 to 17 parts by weight of the 
porous material and 7 to 23 parts by weight of the organic acid 

based on 100 parts by weight of the inorganic salt. 
Another invention (D. Lee, K. Hong-joo, 2016) [4] relates to a 

repairing and reinforcing ultrarapid hardening mortar composition, 

and to a method for repairing and reinforcing a road surface, a 
runway surface, and an L-shaped side gutter deteriorated part by 

using the same. More specifically, when the surfaces of a road, a 
runway, and the like and a deteriorated part and a damaged part of a 

road side gutter are repaired and reinforced, durability and adhesive 
strength are improved, so repairing and reinforcing effects can be 

maintained for a long time. At the same time, repairing and 
reinforcement can be stably completed in a short time, so excellent 

economical feasibility can be ensured. Also, the repairing and 
reinforcing ultrarapid hardening mortar composition can be directly 

used on the spot, so usage convenience is excellent. Moreover, 
excellent resistance is ensured against freezing, thawing, and salt 

damage. 

The repair or reinforcement composition according to the 
present invention comprises the following six components: 

a) A mixture composed of 65 to 80 wt% blast furnace slag 
having a specific surface area of 6000 to 7000 cm2/g, 10 to 20 wt% 

of lime, 5 to 15 wt% of anhydrous gypsum or high, 50 to 100 parts 
by weight of a mixture having a specific surface area of 6,500 to 

7,500 cm2/g through a mechanochemical activation treatment by 
mixing and pulverizing, 0,5 to 10 parts by weight of clinker, 0,5 to 

10 parts by weight of plaster, to 10 parts by weight of silica fume, 

0,1 to 5 parts by weight of fumed silica, 0,01 to 5 parts by weight of 
fly ash, 0,1 to 5 parts by weight of red mud, 0,01 to 10 parts by 

weight of calcined pomolane and 0,01 to 10 parts by weight of 
micro silica, 10 to 70% by weight of a component; 0,05 to 0,2 parts 

by weight of a viscosity enhancer; 0,3 to 1,1 parts by weight of a 
fluidizing agent; 0,05 to 0,3 parts by weight of a curing accelerator; 

0,1 to 0,4 parts by weight of a retarding agent; 2 to 7 parts by 

weight of a siliceous waterproofing agent; 1,5 to 3 parts by weight 
of a CSA, and 42 to 64 parts by weight of silica sand and 30 to 90% 

by weight of a second powder component comprising 100 parts by 
weight of the powder component. 

b) One or more powder or liquid rubber selected from ethylene-
vinyl acetate (EVA) resin, NR (natural rubber) resin, NBR (natural 

rubber-butadiene rubber) resin and SBR 1 to 20 parts by weight of a 
modified latex component obtained by mixing carbon black and 

fibers in a resin; 

c) 1 to 7 parts by weight of methyl methacrylate, 5 to 20 parts 
by weight of styrene monomer, 1 to 10 parts by weight of n-butyl 

acrylate, 0.1 to 10 parts by weight of methyl acrylate, 0,1 to 10 parts 
by weight of isobornyl acrylate, 0,05 to 5 parts by weight of an 

initiator and 0,05 to 5 parts by weight of an emulsifier; 
d) 1 to 10 parts by weight of a hydrophilic polyvinyl alcohol 

short fiber component; 

e) 1 to 5 parts by weight of an additive component comprising a 
mixture of a preservative, an antifoaming agent and a humectant; 

f) 10 to 50 parts by weight of water. 
Another invention (A. V. Lăzărescu, H. Szilagyi, C. Baeră, A.C. 

Hegyi, V. Meiţă, 2021) [5] relates to a process for making an 
alkaline-activated geopolymer microconcrete without cement 

content and to prefabricated elements such as pavers, slabs and 
street curbs made with this microconcrete, these being used for 

arranging pedestrian roads, bicycle lanes, parking lots, roads, 

highways, industrial spaces, docks and ports, airstrips and the like.  
The process according to the invention for making the 

geopolymer microconcrete consists in mixing the following raw 
materials: maximum 40% class F power plant ash existing in 

Romania, with fineness characterized as a residue on a 0,045 mm 
sieve, an alkaline activator based on Na2SiO3 and NaOH and natural 

aggregates of river with a maximum granulation of 8 mm, the mass 
ratio between the Na2SiO3 solution and the NaOH solution used for 

the preparation of the alkaline activator being between 0,5 - 2,5, and 

the mass ratio between the alkaline activator and the power plant 
ash is between 0,5 - 1,0. The pavers according to the invention have 

a length between 200 - 250 mm + 2 mm, a total width of 80 - 110 
mm + 2 mm, a height of 60 - 80 mm + 3 mm and have a strength 

after 7 days of casting at splitting of at least 3,6 MPa. The tiles 
according to the invention have a length between 200 - 1000 mm + 

5 mm, a variable width, a height between 30 - 100 mm + 5 mm and 

have after 7 days from casting a tensile strength by bending of 
minimum 3,5 MPa. The edges according to the invention have a 

length between 500 - 1000 mm ± 3 mm, a width of at least 200 mm 
+ 3 mm, a height of at least 200 mm + 3 mm, and have a tensile 

strength at 7 days after casting, bending of at least 3,5 MPa, all 
these prefabricated pavement elements having a density of 1600 - 

1900 Kg/m3, water absorption of max. 6%, Bohme wear resistance 
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of maximum 20000 mm3/5000 mm2 and mass loss after freeze-thaw 
of max. 1 Kg/m2. 

Another invention (M. Radu, F. Radu, L. V. Pasăre, I. A. 
Buzuriu, P. Pârvu, C. G. Mudreţchi, C. Răcănel, A. Burlacu, V. 

Tiron, 2018) [6] relates to a process for preparing ecological 
composite asphaltic mixtures to be used as road structures. 

According to the invention the process consists in that it is 

carried out at a temperature of 165 - 170°C by mixing the mineral 
aggregates bitumen and additions resulting from industrial wastes 

by using a mobile preparation station placed close to the place of 
using to finally obtain a mixture having a water-absorption level of 

0,18 - 0,57% an optimal behaviour at the freezing phenomenon and 
stability within the thermal range of use from -40°C up to 70°C. 

The technology which is the object of the invention represents a 
succession of operations optimized in terms of the materials used, 

the duration of these operations, the temperature at which the 

process takes place and the working parameters of the equipment 
used, as follows. 

It starts with the preparation of the materials that make up the 
composition of a batch of mixture. The natural aggregates used are 

dosed according to the following particle size composition: 
- Chip 16-25 mm: 27,0 – 30,7 % 

- Chisel 8-16 mm: 9,0 – 11,5 % 

- Chippings 4-8 mm: 10,0 – 19,1 % 
- Crushed sand: 15,0 – 16,3 % 

- Natural sand: 14,0 – 15,3 % 
- Filer: 2,7 – 2,9 % 

Except for the filler (which is added directly to the mixer), these 
aggregates are placed in an oven for drying and heating to a 

temperature of 165 - 170 °C, the process being carried out in a 
continuous flow, in a mobile station. The heated aggregates are then 

transferred with a conveyor belt to the mixer of the mixture 

preparation station, batchwise, in the amount corresponding to a 
batch. A quantity of hot bitumen is introduced into the mixer, in a 

proportion of 4,2 % in total (of which about 1 % will be used for 
melting and homogenizing high density polyethylene and sulfur 

required for crosslinking) in the case of mixtures intended laying 
the connecting layers of road pavement and in proportion of 6% in 

total in the case of mixtures prepared for the wear layer (of which 

about 1 % will be used in this case for melting and homogenization 
of high density polyethylene and sulfur needed for crosslinking).  

Granulometric sieve sorters can be partially replaced with 
recycled steel slag, which is cheaper and has superior mechanical 

strength. Their weight, cumulated for the three particle size classes, 
is optimally in the range of 15,0 – 18,0 %, a higher weight of slag 

leading to high water absorption coefficients, requiring additional 
additions of high density polyethylene, with correspondingly higher 

costs. 

Of the amount of bitumen prepared for introduction into the 
mixer, a part (about 1 %) is used for melting and homogenizing the 

thermoplastic addition consisting of high density polyethylene in 
the form of granules, in a proportion of 0,1 % to the mass of a 

batch, as well as for the dispersion of sulfur in proportion of 
0,0005% to the mass of a batch. Said process, lasting one hour, is 

carried out in a reaction vessel provided with a stirrer, at a 
temperature of 165 - 170 °C, the sulfur powder being introduced 10 

minutes before being introduced into the mixer. A bitumen pump is 

used to transfer the mixture of bitumen, polyethylene and sulfur to 
the mixer. In addition to the main role in the road pavement in 

which the asphalt mixture (waterproofing and elastomer) will be 
integrated, the addition of high density polyethylene also has the 

secondary role of ensuring an optimal viscosity of the mixture, by 
crosslinking with all components, especially with synthetic rubber 

powder (butadiene-a-methylstyrene copolymer), recycled from used 

tires, with a grain size of 0 – 0,5 mm and with steel slag, which 
makes it less absorbent for water, by its external filming.  

Rubber powder plays a key role in ensuring the elasticity of 
asphalt pavement. It is pneumatically dosed and inserted directly 

into the mixer, in a proportion of 0,2 – 0,3 % of the mass of a batch. 
The crosslinking between the thermoplastic component consisting 

of high density polyethylene and the elastomeric component, 

consisting of powder, is performed using a small amount of 
technical sulfur 99,5 % used in the vulcanization mixtures of 

elastomers, in proportion of 0,0005 % to the mass of a charges. 
Other additives are also introduced in the mixer to improve the 

performance of asphalt pavements. Thus, in a proportion of 0,1 - 
0,5% compared to the mass of a batch, polyacrylonitrile fibers with 

dimensions of 4 - 20 mm and fineness of 20 - 200 Tex are added, to 

reinforce the composition of the mixture, having as effects the 
increase of stability. road layer and its compressive strength, but 

also increased water absorption, to counteract which increases the 
proportion of high density polyethylene to the value of 0,15 – 0,2%. 

0,18 % cationic polyelectrolytes are also added to increase adhesion 
and elastic recovery. 

Kneading takes about 10 minutes. After the complete 
homogenization of the asphalt mixture, it is transferred, using dump 

trucks, in the equipment provided for its asphalting in order to 

achieve some layers of wear and connection of the road pavements, 
for all categories of roads. The sizing and compaction technology is 

the classic one. 
The invention has the following advantages: 

- it is energy efficient, by substantially shortening the period in 
which the bitumen and then the asphalt mixture are heated and 

maintained at the process temperature, as well as by reducing this 

temperature to the value of 165 - 170 °C; 
- it is economically efficient, in addition to reducing energy 

consumption and reducing costs, by using additives prepared from 
cheap raw materials, obtained from waste and by avoiding long-

distance transport of mixture and mixture components, as well as by 
avoiding considerable time deaths and, in this way, the increase of 

labor productivity; 
- ensures a superior quality of the asphalt mixture, primarily in 

terms of mechanical strength and durability in operation, of about 

15 years, due to the fact that all interactions between components 
take place at a temperature (165 - 170 °C) at which the fluidity the 

homogeneity is also optimal, avoiding some separations in time of 
the crosslinked components, with unfavorable effects on the 

characteristics of the asphalt pavement; 
- the technology ensures a mixture whose water permeability is 

considerably reduced, having as an effect an optimal behavior to the 

phenomenon of frost and the increase of the thermal range of safe 
use (from - 40 °C to + 70 °C), due to the addition high density 

polyethylene and rubber powder; 
- the technology is environmentally friendly, without the use of 

solvents that, by evaporation, lead to harmful emissions; 
- does not require a special expensive installation, such as a 

colloidal mill; 
- the costs and energy consumptions for the modification of the 

bitumen before the preparation of the mixture are avoided, in order 

to improve its performances. 
Another invention (J. Jeong, 2002) [7] relates to an ice melt 

injection device for preventing freezing of roads. 
This invention provides a meteorological observation unit, a 

central control unit for receiving an output value of the 
meteorological observation unit by wire or wireless, comparing the 

reference value with a reference value, and outputting a control 
signal according to the output value.  

A pump station having a control panel for operating a pump 

connected to a melt liquid storage tank for pressurizing the melt 
liquid in accordance with an output signal while connected to the 

output side of the central control unit. It consists of a melt ice 
injection section installed on both sides of the road surface, and a 

solenoid valve provided in the pipeline connecting the pump station 
and the melt liquid injection section, so that the frozen road surface 

can be thawed in winter to prevent traffic accidents caused by 

slipping. In summer, by reducing the temperature of the road 
surface to reduce the shrinkage and inflation length of roads, roads, 

bridges, etc. due to thermal expansion, to prevent damage, clean the 
road surface to provide a clean road environment will be. 
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3. Conclusion 

Research for patenting in the field of preventing and combating 
the freeze-thaw phenomenon of roads includes the following steps: 

identification, selection of technology or application of technology.  
Technology transfer is a process that is influenced by the 

development and changes of science-based technologies, with 

references in the fields of advanced technologies. Depending on the 
intention of the technology provider, this transfer falls into two 

categories: unintentional transfer (in which the innovator has no 
profit) and intentional transfer (in which the provider has benefits). 

Patents for preventing and combating the freeze-thaw 
phenomenon of roads are brought to the attention of those interested 

in this field and through popularization in international scientific 
conferences and congresses, as well as the publication of articles 

and papers belonging to the technical and scientific literature.  
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