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ABSTRACT 
 
The construction of pavements is usually based on different national and international standards. Due 
to this the pavement design all over the world normally consists of different granular base layers and 
different asphalt or concrete layers. The overall thickness of the pavement construction depends on 
many different parameters e.g. traffic loads, number of passes, subgrade strength. Especially at the 
construction of pavements across soft soils large settlements are occurs which often results in 
damages to the pavement layers. Besides the improvement of the soft subgrade material by soil 
improvement methods, cut and cover construction or hydraulically bonded base layers the vertical 
loads on the soft subgrade can be reduced by the use of light infill materials. One of those materials 
can be called as glass gravel and is produced from recycled glass. As another alternative of the 
asphalt and concrete layers glass asphalt can be used. The main advantage of this product compared 
to asphalt and concrete is the permeability without any loss of bearing capacity. The use of both 
sustainable materials for the construction of pavements is described in the paper. 
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1 INTRODUCTION 
 
The construction of infrastructure projects usually takes place using for the standard construction 
guidelines such as AASHTO (USA), RStO (Germany) or IRC (India). The guidelines regulate the new 
construction, reconstruction and maintenance of infrastructure construction through the use of 
technically suitable and economic construction methods. Road construction usually consists of a 
natural or compacted subgrade, the granular subbase, the mineral base layers and the asphalt or 
concrete surface (Figure 1). The thickness of the pavement mainly depends on the bearing capacity of 
the subgrade and the expected traffic. For infrastructure projects which are constructed over soft soils 
whose bearing capacity is not suitable for a design according to the given standards, different 
stabilization and construction methods need to be carried out to improve the bearing capacity and to 
reduce the deformations. Possible remediations methods are subgrade excavation, soil stabilization 
with cement or lime treatment, or the installation of geotextiles, geogrids or geocells (Emersleben 
2009 and 2010; Giroud 2004; Houlsby 1990). As an alternative and as an addition to the improvement 
of the bearing capacity, the vertical loads on the soft subgrade can be reduced by the use of 
lightweight pavement materials, such as EPS-blocks, expanded clay or the recent developed glass 
foam gravel. Glass foam gravel is 100 % produced from recycled waste glass and therefore it is 
economical and environmental.  
 
According to most pavement standards the surface layers of paved roads are constructed from 
asphalt or concrete. The surfaces need to have adequate resistance against traffic loads and weather 
conditions (e.g. precipitation, frost, heat). In addition the surface layers needs to have adequate 
roughness, should reduce the noise emission and should have sufficient rainwater drain. To ensure 
rainwater drainage, the impermeable asphalt surface layers are constructed with an appropriate 
transverse downward gradient. Whispering or open graded asphalt can be used to reduce the traffic 
noise. Nevertheless at high temperatures in combination with heavy loads, the rheological asphalt 
materials behaviour often leads to ruts and cracks within the surface layers.  
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Figure 1. Schematic pavement construction 
according to German standard RstO, 2001 

Figure 2. Alternative pavement construction 
considering recycled glass products 

 
As an economical and environmental alternative to asphalt and concrete surfaces, FilterPave

TM
 can be 

used for the construction of pavement surface layers. FilterPave
TM

 is produced from recycled waste 
glass and therefore it is economical and environmentally friendly. The functions and characteristics of 
these sustainable materials are presented in the following sections. 
 
 
2 GLASS FOAM GRAVEL 
 
Glass foam was first developed in 1932 in Russia. The material is manufactured 100 % out of recycled 
glass and thereby contributes to the sustainability of the earth's natural resources. In the production 
process, the ground glass is mixed with ecologically safe activators and frothed up in a continuous 
furnace at temperature of 900°C. The subsequent cooling process is differentiated, thereby enabling 
the production of different products. For the production of foam glass gravel, the strand is immediately 
shock cooled after leaving the furnace. This creates very high thermal stresses that exceed the 
material strength and lead the foam glass strand to break into the desired particle size (Figure 3). In 
bulk, the foam glass gravel is transported either loose in a gravel truck or in large bags of different 
sizes to the construction site (Figure 3). For the production of foam glass boards, the strand is cooled 
slowly to room temperature in a special cooling installation to avoid any thermal stress. The raw strand 
is then cut to the desired length in a fully automated cutting/finishing facility and packed for shipment 
(Figure 3).  

  

Figure 3. Glass foam gravel (left) and glass foam boards (right), Glapor (2011) 
 
2.1 Material parameters 
 
According to different manufactures and on basis of testing at Clausthal University of Technology, 
glass foam gravel has bulk densities between 1.30 and 1.70 kN/m³. The compaction of the material is 
carried out with vibrating plates or small roller compactors, leading to infill densities between 1.90 and 
2.20 kN/m³. Compared to conventional mineral base materials like gravel, the weight is reduced by a 
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factor of about 10, which significantly reduces the pressure on the subgrade material. The 
compression strength of the glass foam gravel depends on the grain size and weight. Measured 
strength in uniaxial compression tests is about 600 to 800 kN/m² at 10% strain. At 2 % strain the 
compression strength is about 280 to 370 kN/m². The angle of internal friction of the glass foam gravel 
was measured in direct shear tests and is at least 45° which mobilizes an optimized load distribution 
within the pavement construction. Due to the large pore area the glass foam gravel forms a capillary -
breaking layer which takes over the function of a thermal insulation layer at the same time.  The heat 
conductivity of compacted foam glass gravel is approx. 0.085 W/mK. The single gravel particles are 
steam-tight, whereby a sufficient freezing and thawing cycle stability is guaranteed. The material is 
weather-proof, insensitive to chemical influences and is compared to EPS not damaged by animals. 
Glass foam gravel is incombustible and its melting point is higher than 700°C.  
 
2.2 Use of glass foam gravel in road constructions 
 
Glass foam crushed stone has been used for first time in the middle of the 1970's as lightweight 
material to construct pavements over soft soils in Switzerland. Glass foam gravel has been also used 
several times in embankment construction over soft subgrade materials in Norway in the recent years. 
The weight/infill density of glass foam gravel is more than 10 times smaller compared to conventional 
pavement materials. Because of that glass foam gravel can be used in road construction to reduce the 
vertical loads on the subgrade material. This is mainly required in areas where roads have to be 
constructed over soft soils with low bearing capacity. The small weight of glass foam gravels in 
combination with the load distribution effect due to the angle of internal friction of more than 45° the 
vertical pressure on the subgrade is minimized and as a result the deformations are significantly 
reduced. The installation of the material becomes relatively simple. After preparation of the subgrade 
level a nonwoven needs to be placed on the subgrade material to separate subgrade on glass foam 
gravel. The construction of the glass foam gravel is carried out similar to other base materials with 
conventional construction equipment. A gravel base layer and the asphalt pavements are constructed 
on the lightweight material afterwards (Figure 4).  
 

 

Figure 4. Glass gravel for road constructions over soft soils, Glapor (2011) 
 

2.3 Stabilization of permafrost soils 
 
Because of the really high heat conductivity of the glass foam gravel, the material is particularly 
suitable for the stabilization of permafrost soils. Those soils are predominantly located in Russia and 
China and are frozen most of the year. In the summer months, the temperature of the upper 2m of the 
permafrost soils increases, thus the soil parameters and characteristics are significantly changed. 
While the soils are suitable for heavy trucks most of the year the bearing capacity of the soil are 
significantly less in the summer months which leads to significant problems because most of the 
existing roads are not longer useable (Figure 5). 
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Figure 5. Dewed permafrost soil in Russia during heavy loading  
 

In most Russian regions, thawing of permafrost soil starts at the beginning of April. In most cases the 
roads have to be closed for heavy trucks to reduce the deformation and damages during this time, 
which leads to substantial economic losses. The conventional method for the reduction of the damage 
due to thawing and to ensure traffic-ability of these roads over the whole year, is the construction of 
embankments from granular fill material. Although this construction method reduced the damages and 
deformations to the unbound pavements, a continuous and cost-intensive redevelopment of the roads 
is necessary. The use of glass foam glass on the one hand leads to reduced vertical loads on the 
subgrade thus reducing the deformations, on the other hand the material reduces the thawing of the 
insulated permafrost soils due its thermal characteristics. Nevertheless the boundary sections of the 
road cannot be isolated completely against thawing because of the smaller cover depths (Figure 6). 
The glass foam gravel can be either used instead of conventional fill materials in excavations or can 
be used to construct embankments.  
 

 

Figure 6. Use of glass foam gravel for road construction in permafrost soils, Glapor (2011) 
 
 
3 GLASS ASPHALT  
 
Glass asphalt consists comparably to the glass foam crushed stone likewise to 100 % of recycled 
waste glass, which is prepared with a special procedure and mixed by addition of a flexible, high-
strength elastomeric adhesive on the construction site (Figure 7). It is poured into the construction 
area directly on the prepared granular base. After the surface is levelled to the desired height the 
material needs to be hardened. Compared to conventional asphalt surfaces, compaction of the 
material is not required. The subbase and base layer thicknesses depends on the application and can 
be chosen on basis of existing standards for pavement construction.  
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Figure 7. FilterPave
TM

, Presto Geosystems (2011) 
 
3.1 Material properties 
 
One of the substantial material properties of glass asphalt is the drainage effect. The porosity of 
FilterPave

TM
 was determined to be 39 %, which is the amount of storage within the material. That 

indicates that the FilterPaveTM porous pavement system is nearly twice as porous as pervious 
concrete and maintains the highest sustainable void space of any porous pavement system. Despite 
the high void ratio, compressive and flexural strength testing and field investigations using the FDOT 
falling weight deflectometer equipment indicates that glass asphalt exhibits the best characteristics of 
both flexible and rigid pavements. The material has stronger compressive strength than porous 
asphalt and better flexibility than pervious concrete (Presto Geosystems 2011). The average 
compressive strength of FilterPave

TM
 is 8 MN/m² and its flexural strength is 3.5 MN/m². These 

characteristics make FilterPave
TM

 appropriate for low and medium duty applications (Meyer and 
Emersleben 2010). Regardless of the amount of fine grained sand loaded onto the FilterPave

TM
, the 

lowest infiltration rate measured was 16 cm/hour after two sediment loading cycles. Following a 
rejuvenation cycle, the infiltration rate increased to 84 cm/hour. These values are representative of a 
field application that has been subject to excessive sediment build-up on the surface over a long 
period of time. The testing demonstrates that glass asphalt will provide infiltration of storm water even 
under excessive sediment loading. The infiltration rate significantly exceeds the Florida draft storm 
water standard of 5 cm/hour. It was also noted that vacuuming the surface with a standard vacuum 
truck significantly improved the infiltration rate. 
 
3.2 Use of glass asphalt 
 
Glass asphalt is a highly attractive hard-surfaced porous pavement made from 100 % post-consumer 
recycled glass. Designed for light-to-heavy pedestrian and vehicular traffic loads, FilterPave

TM
 

pavements offer architectural aesthetics, design flexibility, and environmental benefits that surpass 
standards for pavements of its kind. Contrary to the glass foam gravel, which can be used in various 
pavement applications, FilterPave

TM
 can only be used for surface construction. FilterPave

TM
 is used for 

construction of parking lots, approach roads, property ramps, sidewalks, storage spaces, landscape 
gardening and pedestrian precincts (Figure 8). The surfaces can be manufactured in different colour 
combinations by addition of coloured bonding agents. 

  

Figure 8. Application examples of FilterPave
TM

, Presto Geosystems (2011) 
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While conventional building methods e.g. asphalt or concrete surface layers require the construction of 
additional drainage and rain discharge units, FilterPaveTM makes precipitation discharge possible due 
to high porosity of the surface layer. Thus the overall portion of sealed surfaces can be reduced, a 
groundwater renewal will be possible and rain water retention basins can be constructed in 
accommodate smaller volumes. Apart from the existing permeability the FilterPaveTM system of fers 
the advantage of the adsorptive capacity of hydrocarbons in relation to conventional construction 
methods. Investigations of the University of Wisconsin, the USA showed that the material can bind up 
to 15 kg/m³ hydrocarbons. Thus the entry of harmful substances is reduced into the existing water 
circulation (Presto Geosystems 2011). FilterPaveTM reduces frost effects, exhibits a high retention 
against hydrocarbonats and provides chemical stability. The life span is approximately 15 to 20 years. 
Within the range of road construction, a reduction of the splash-water can be achieved due to the high 
permeability. 
 
 
4 CONCLUSION 
 
The increasing environmental regulations make the development of environmentally friendly and 
resources-protective construction methods for roads and pavements necessary. Glass foam gravel 
can be used as an alternative construction material to conventional mineral gravel base layers or glass 
asphalt can be used as an alternative to existing porous pavements. Both materials are made to 
100 % of recycled waste glass. Glass foam gravel can be used within the range of the road 
construction as substitute for conventional mineral base layers, glass asphalt represents an alternative 
construction method to conventional porous surface layers. An innovative, environmentally friendly 
and resources-protective road structure can be carried out, using both materials. By using both 
materials about 60 % of the total road construction can be constructed from recycled glass.  
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