
GUIDELINES FOR INFRA-
STRUCTURE DESIGN AND 
CONSTRUCTION  

Foam glass aggregate - load reducing fill material



Foam glass aggregate - load reducing fill material

Table of Contents 
1. Preface 3
2. Properties 

2.1 Grain Size Distribution 4
2.2 Design parameters 5

3. Applications 7
3.1 Fill and transition structures 8
3.2 Fill beneath structures and backfill 9
3.3 Pipeline structures 10
3.4 Frost insulation 10

4. Geotechnical calculations 
4.1 Design of a lightweight fill structure 12
4.2 Frost heave calculations 12
4.3 Bearing capacity calculations 13
4.4 Calculation of lateral earth pressure on retaining wall 14

5. Installation 
5.1 Design 15
5.2 Construction 15
5.3 Quality control 16
5.4 Work safety 17

6. Environmental considerations 
6.1 Environmental impacts 17
6.2 Reuse and recyclability 17
6.3 Disposal 18
6.4 Ecology 18



1. PREFACE

Foam glass aggregate is a lightweight aggregate 
used as a lightweight fill material in earthworks (in-
cluding streets, roads, bridges, sports fields, pipelines, 
backfill for retaining walls...) to reduce loads impac-
ting a subgrade and other surrounding structures. 
Foam glass aggregate is also an effective thermal 
insulator.

Foam glass aggregate has been used in infrastruc-
ture and housebuilding in Europe for over 25 years 
with great success. The first foam glass manufac-
turing plants in Switzerland and Germany were es-
tablished in the 1980s. In the Nordic countries most 
foam glass aggregate has been used in infrastructure 
construction in Norway, where production has been 
active since the 1990s.

Uusioaines Oy started to manufacture foam glass ag-
gregate in Forssa in 2011. With the factory extension 
in 2016, the production capacity is approximately 
280,000 m³ per year. The material is registered under 
the brand name Foamit®. Foamit® aggregates are 
CE-marked products that meet the requirements of 
SFS-EN 13055-2 standard.

Foamit® foam glass aggregate is made of recycled 
glass processed on a glass-cleaning plant. In the 
plant’s process, metals and other impurities are effi-
ciently removed from a raw glass material. Glass par-
ticles are ground into a powder of under 0.1 mm and 
mixed with a foaming agent. The powdered glass is 
then spread out onto a conveyor belt which slowly 
passes through a furnace. The furnace heats the po-
wdered glass to a temperature of about 900° C. This 
causes the glass mass to expand to almost five times 
its original size (Figures 1.1a, b, and c). Foam glass 
contains approx. 8% glass and about 92% air. As the 
foam glass cools, it fragments into pieces and forms 
foam glass aggregate (Figure 1.1d).

The Foamit® foam glass aggregate guidelines for inf-
rastructure design and construction describes the 
main technical characteristics of the material and ge-
neral design principles for conventional applications, 
as well as examples of structural solutions. The abb-
reviation used for foam glass aggregate FGA. 

Figure 1.1. Foam glass aggregate manufacturing process. 
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2. PROPERTIES 

These guidelines deal with foam glass aggregate 
with a grain size of #10/60 (unless otherwise not-
ed). A typical grain size distribution curve of # 10/60 
Foamit® foam glass aggregated prior to compaction 
is shown in Figure 2.2. Foam glass aggregate is also 
available in other grain sizes, which are mostly used 
in housebuilding projects. For lightweight fill structu-
res of streets and municipal networks and frost insu-
lation, #10/60 gradation suites the best.

Granules of foam glass aggregate have angular sha-
pe, with sharp corners rounded off during material 

handling, placement, and compaction (Figure 2.1). 
The angular shape of granules allows the construc-
tion of foam glass aggregate structures with con-
ventional earthmoving machinery and compacting 
with a vibrating plate and a tracked excavator. Due 
to the angular shape and coarse surface, excavations 
of a foam glass aggregate material can be performed 
with conventional slopes typical for non-cohesive 
soil so that an excavated layer does not collapse into 
the excavation.  

Figure 2.1. Typical grain form of Foamit® foam glass aggregate. 

Figure 2.2. Typical grain size distribution for FOAMIT® foam glass aggregate
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2.2 Design parameters 

Typical geotechnical engineering characteristics of 
Foamit® foam glass aggregate structures are pre-
sented in Tables 2.1, 2.2, and 2.3. If necessary, design 
values of the material shall be verified by a manufac-
turer. Geotechnical calculations of lightweight struc-
tures located in a road or railway area shall be car-
ried out according to the guidelines of the Finnish 
Transport Agency. Design parameters presented in 
Table 2.1 applied in the calculations performed ac-
cording to Eurocode standard requirements, [Finnish 
Transport Agency 2013, RIL 207-2017], are based on 
the specific values of the material defined by partial 
safety factors provided in other guidelines. The de-
sign values of the table are used in the calculations 
according to national standard requirements [RIL 
121-2004]. 

Density and strength: 

The unit weight of compacted foam glass aggregate 
applied in a fill structure located above the ground-
water level is only about one seventh the unit weight 
of conventionally-used soil and rock material. Due to 
long-lasting properties of Foamit® foam glass aggre-
gate, its lightweight structure can be designed for at 
least 50 years. The properties of the foam glass mate-
rial remain unchanged even after 50 years.

Depending on a stress, a friction angle of Foamit® 
foam glass aggregate determined in a triaxial comp-
ression test equals to 35-45 degrees. Particularly 
high stress and load values may cause crushing and 
rounding off the grains. If crushing is significant, 
the friction angle decreases. As a design value, the 
friction angle equal to 36 degrees is recommended 
when the applied load is appr. ≥ 100 kPa; and 40 de-
grees when the applied load is appr. ≤ 100 kPa.

Properties FOAMIT® design values Standard / Test method

Grain size 10-60 mm SFS-EN 933-1 / SFS-EN 13055-2
Density (dry bulk) 210 kg/m³ (±15 %) SFS-EN 1097-3
Tiheys (kuiva, tiivistetty) * 220-280 kg/m³ XXX
Density (dry, compacted) * 2.2-2.8 kN/m³ XXX
Unit weight
   structure with a functional drainage 3.5 kN/m³ XXX
   periodically submerged, ≤ 1 month 6 kN/m³ XXX
   permanently submerged (> 1 year) 10 kN/m³ XXX
Unit weight (in buoyancy dimensioning) 3.0 kN/m³ XXX
Compaction factor     1.15-1.25 XX by experience
Friction angle (shear angle)
   load over approx. 100 kPa max. 36°

Triaxial Compression Test
   load less than approx. 100 kPa max. 40°
pH 10
Water permeability 10-1 m/s estimated 
Water absorption ** 
   short-term (4 weeks) ≈ 60 % 

EN 12087
   long-term (1 year) ≈ 100 % 
Height of capillary rise 200 mm SFS-EN 1097-10

Compression strength / crushability
   20 % strain > 0.9 MPa SFS-EN 13055-1
Thermal conductivity      dry 0.1 W/mK SFS-EN 12667
                                             moist *** 0.15 W/mK
                                             wet 0.23 W/mK
Insulation capacity coefficient X ai = 4 See Table 2.3

* density depends on compaction 

** immersed in water  
(sample of submerged material) 

*** water content and weight ratio, 25%  
dry density of 210-280 kg/m³

X insulation capacity of foam glass aggregate 
related to insulation capacity of sand (ai)

XX in thin layers 1.3

XXX unit weight is determined from density 
multiplied by compaction factor 
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Table 2.1.  Geotechnical properties of foam glass aggregate.  
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Modulus * FOAMIT® design values Determining method

E-modulus, E2 50 MPa * back-calculated from plate load test
Resilient-modulus Mr
   average principal stress 40 kPa ≥  80 MPa

cyclic confined compression test 
   average principal stress 100 kPa ≥ 150 MPa
Secant modulus, E50 40 MPa compacted ≥15 % 

Foam glass ag-
gregate

Other materials

Sand Crushed aggre-
gate/gravel Blasted rock

Layer thickness
0.2 m 0.8 m 0.9 m 1.0 m
0.25 m 1.0 m 1.1 m 1.25 m
0.3 m 1.2 m 1.3 m 1.5 m

The parameters presented in Tables 2.1, 2.2, and 2.3 are determined/estimated based on the following publications, reports, and memos: 
Byggforsk [2005]; Transport Agency [2011a]; Transport Agency [2014]; Ramboll [2012 and previous laboratory results]; Ramboll [2011a]; Ram-
boll [2010]; SGI [2008]; Sintef [2010]; Statens vegvesen [2014]; TTY [2012].

* Factors increasing the modulus of foam glass aggregate are thick pavement, good bearing capacity of a subgrade, and initial fill 
layers, E2 shall be used for pavement dimensioning (Odemark method).

Table 2.2.  Load-bearing properties of foam glass aggregate. The values shown in the table can be applied 
when the foam glass aggregate layer is placed and compacted to >15% and the vertical load applied to the 
layer is ≤75 kPa (in load calculations, a cycling load related to vehicles and trains shall be multiplied by 1.5).

Table 2.3  Insulation capacity of foam glass aggregate related to insulation capacity of natural soil and rock material (layer 
thickness values are indicative).

Bearing capacity: 

The bearing capacity of foam glass aggregate (E-mo-
dulus in cycling loading, E2) placed into the structure 
affected by transport load is stress state depended. 
For dimensioning of a pavement structure, a value of 
50 kPa for E-modulus of a well compacted foam glass 
aggregate layer is recommended for design purpo-
ses (Table 2.2). 

In road and railway structures, the load on the surface 
of the foam glass aggregate layer shall not exceed 
75 kPa. In load calculations, a cycling load related to 
vehicles and trains shall be multiplied by 1.5 [Finnish 
Transport Agency 2014].

Based on the research results presented by Sintef 
[2010] and Byggforsk [2005], the compression creep 
of foam glass aggregate after 0-1 year and 1-50 -year 
period is < 0.1% when the static load is approxima-
tely 80-120 kPa.

Thermal conductivity and insulation:  

Foam glass aggregate is a frost resistant material and 
has good thermal insulating properties. Grains of 
foam glass aggregate withstand repeated freezing 
and thawing without breaking. Experience shows 
that freezing and thawing do not increase water ab-
sorption of the material or reduce the compression 
strength of its grains.

Thermal conductivity of foam glass aggregate de-
pends on e.g. water content and temperature. Inc-
rease of water content results in growth of thermal 
conductivity. Thermal conductivity of foam glass 
aggregate varies from 0.10 to 0.23 W/mk (Table 2.1). 
When selecting the design value, long-term water 
content of foam glass aggregate placed into the 
structure shall be considered.

Insulation capacity of the foam glass aggregate 
structure relative to insulation capacity of natural soil 
and rock materials are shown in Table 2.1 and 2.3.
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Height of capillary rise and water permeability:  

The height of capillary rise of noncompacted foam 
glass aggregate is found to be less than 200 mm. 

Based on the grain size distribution and shape of 
grains, it can be estimated that water permeability 
properties of foam glass aggregate are comparable 
to crushed aggregate or gravel. Water permeability 
of foam glass aggregate with gradation of 10/60 is 
approximately 10-1 m/s.. 

pH and corrosion:  

Foamit® foam glass is slightly alkaline (pH approx. 
10). The electrical conductivity of foam glass aggre-
gate is low, being 18 mS/m in average. The value of 

electrical conductivity obtained in the tests ranges 
between 16 and 23 mS/m.

Typically, the risk of corrosion due to Foamit® foam 
glass aggregate in is low, and the corrosion progress 
is slow [TTY 2014]. By its corrosion properties, foam 
glass aggregate corresponds to a non-aggressive 
and homogeneous fill material. For buried zinc and 
steel structures, a pH range of foam glass aggregate 
is corrosion reducing. However, geotextile (N3 or N4) 
shall be used between foam glass aggregate and a 
galvanized surface. 

Chemical properties of foam glass aggregate do not 
impact the selection of a pipe material.

3. APPLICATIONS

Foam glass aggregate can be used in new construc-
tion and renovation projects:  

 ● as a lightweight structure to reduce or prevent 
settlements

 ● as a lightweight structure to improve stability

 ● as a lightweight structure to reduce soil pressure 
on a retaining structure

 ● as frost insulation, and 

 ● as a drainage structure.

Technical and economic benefits of foam glass ag-
gregate compared with other ground reinforcement 
or foundation methods is at its best when:

 ● thick soft soil layers are underlaid with thick layer 
of loose non-cohesive soil

 ● the subgrade is overconsolidated or preloaded 
(e.g. with old fill)

 ● apply of other methods is complicated by old 
structures existing in soil (e.g. timber grating, fill, 
pipelines, etc.)

 ● presence of firm soil layers between the soft soil 
layers prevent to apply column stabilization

 ● apply of other methods is complicated or obst-
ructed by elevated structures (e.g. aerial cables, 

bridges, etc.)

 ● use of heavy-duty ground reinforcement or pi-
ling equipment is not possible, or there is no ac-
cess to the site

 ● excavated soil can be easily placed on the same 
site or elsewhere

 ● performance requirements set to the structure 
do not include complete absence of settlements

 ● high floods are not expected in the area.

The thickness and extent of a lightweight fill built 
from foam glass aggregate shall be dimensioned by 
stability and settlement calculations. In the design, 
the feasibility of the foam glass structure shall be ve-
rified with other possible ground reinforcement or 
foundation methods. In addition to cost and perfor-
mance requirements, the selection depends on e.g. 
timetable, potential disturbances to local inhabitants 
and/or structures, possible limitations to a certain 
method, etc. In some cases, a decision can be based 
on environmental impacts of the foundation met-
hod, e.g. greenhouse gas emissions. Regarding the 
above-mentioned, the foam glass aggregate struc-
ture as such or combined with other ground rein-
forcement or foundation methods is often a feasible 
solution.
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Foam glass aggregate - load reducing fill material

Good bearing capacity and friction angle of foam 
glass aggregate give benefits to various renovation 
projects, like management of settlements, grading 
to a higher elevation and installation of frost insulati-
on. These features provide the possibility to perform 
the lightweight fill and frost protection structures 
with reasonable excavation quantities. Foam glass 
aggregate can be placed on sites with various and 
changing shapes, and thus the integrity of frost insu-

lation can be ensured. Moreover, no initial fill is nee-
ded. Compared with other ground reinforcement 
methods, a lightweight structure is easier to build 
in stages using foam glass aggregate, since it does 
not require long-term traffic arrangements, removal 
of obstacles from soil, long consolidation time, or 
special equipment. Also, lightweight structures re-
quired in local small-scale repairs, etc., can be easily 
accomplished with foam glass aggregate.

Foam glass aggregate is used as a lightweight fill ma-
terial in traffic areas (e.g. streets, roads, harbour areas, 
bridge embankments, backfill for pipe bridges, etc.). 
The thickness of a lightweight fill structure typically 
ranges from 0.5 to 2 m, but much thicker structures 
are also possible. In Finland, even 8 m thick fill struc-
tures have been made using foam glass aggregate. 
An example of the lightweight fill structure (partial 
load reduction) in a road embankment performed 
with foam glass aggregate is shown in Figure 3.1. A 
principal drawing of a high embankment combining 
the lightweight fill and column stabilized structures 
is presented in Figure 3.2.

The angle of internal friction (angle of shearing resis-
tance) of foam glass aggregate can be compared to 
crushed aggregate. The lightweight structure can be 
implemented with 1:1 slopes or gentler depending 
on, for example, the embankment height, strength 
of a subgrade, and loads above the structure and 
their location. During the construction phase, no re-
tention embankments are necessary at the edges of 
the foam glass layer, but in some cases, it is recom-
mended to use them. The retention embankment 
can be used to reduce the spread of the material du-

ring compaction and to ensure that entire fill is com-
pacted successfully. The slopes shall be covered with 
geotextile and at least 0.5 m thick soil layer. If water is 
occasionally introduced into the foam glass aggrega-
te structure, a water-permeable material shall be ins-
talled at the bottom of the slope, or water-permeab-
le structures (permanent drainage system) shall be 
built at intervals of about 30-60 m. 

Steeper than allowed differential settlements cau-
sed by the changes in the foundation conditions 
shall be reduced by transition structures to meet the 
settlement requirements set to the structure. Gene-
rally, transition structures are applied on boundaries 
of settling and non-settling fill structures. Transition 
structures are used when changes of soil conditions, 
loads or foundation methods occur over short dis-
tances (e.g. between clay and load-bearing soil, 
between deep stabilized and ground-supported 
foundations, between clay soil and a pile-support-
ed foundation, etc.). The transition structure dimen-
sioned as non-settling shall be placed next to the 
non-settling structure. An example of a transition 
structure built from foam glass aggregate and a tran-
sition slab is shown in Figure 3.3.

3.1 Fill and transition structures 
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Using lightweight foam glass aggregate as backfill 
for a retaining wall allows for efficient use of space 
and a lighter retaining wall structure. Earth pressure 
caused by foam glass backfill against the retaining 
wall may be substantially lower (up to ≈70-90%) 
than that caused by natural soil backfill. In addition 
to the backfill material, the magnitude of earth pres-
sure is influenced, for example, by: the thickness of 
the ground layer to be placed on the foam glass layer 

and the size of the surface load. Principles of light-
weight backfill using foam glass aggregate are sho-
wn in Figure 3.4. 

Instead of a concrete retaining wall, it is also possible 
to build a retaining wall supported with geogrid or 
gabion, or a steep slope using foam glass aggregate. 
In all these structures, foam glass aggregate can also 
serve as a frost protection and drainage layer.

3.2 Fill beneath structures and backfill 

Figure 3.1.  Foam glass aggregate as a lightweight fill ma-
terial of a road embankment and backfill of a bridge..

Figure 3.3.  Lightweight and transition structure of a brid-
ge approach embankment built from foam glass aggre-
gate.  

Figure 3.4.  Foam glass aggregate as a lightweight backfill 
of a retaining wall. 

Figure 3.2. Foam glass-aggregate as a lightweight fill of a 
high embankment placed on a column -stabilized subgra-
de. Apply of the lightweight fill enables to increase the dis-
tance between columns, to use the lower strength parame-
ter in column dimensioning or to build higher-than-normal 
embankments on a deep-stabilized subgrade.  
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Foam glass aggregate - load reducing fill material

Foam glass aggregate can be used as final backfill for 
pipe trenches. It can be used as initial fill according to 
a separate plan if no limitations are set by pipe ma-
terial, diameter and joints, or grain size of foam glass 
aggregate. Pipes can be also installed in the foam 
glass aggregate layer. For initial fill beneath the pipes 
crushed rock shall be used as instructed by InfraRYL.

To prevent or limit further settlement of pipes cau-
sed by subgrade settlements, in a renovation project 
loads produced by a fill layer above the pipelines can 

be reduced by applying the foam glass aggregated 
in a fill structure.

An example of using foam glass aggregate as a fill and 
frost insulation material of a pipe trench is shown in 
Figure 3.5. Due to the thermal insulating properties 
of foam glass aggregate, the pipes can be installed in 
a shallower trench, which decreases excavation dep-
ths, excavation soil quantity, and retaining structures 
needed to support a deep trench.

In Finland, frost heave is by far the most significant 
environmental factor increasing the design values 
of road, street, or yard structures. It effects the entire 
structure up to the depth of frost penetration. 

Foam glass aggregate is well suited for frost insu-
lation of road, street, yard and pipeline structures. 
Principles of frost insulation using foam glass aggre-
gate are shown in Figures 3.5 and 3.6. Applying light-
weight aggregate for frost protection purposes gives 
a possibility to use thinner structural courses than 
are conventionally required in a frost-susceptible soil, 
and decreases excavation soil quantity, accelerates 
the construction schedule and reduces the quantity 
of required natural rock material. It also results in di-
minishing of maintenance cost due to reduced frost 
heave damages of a pavement and postpones the 
repaving schedule.

Foam glass aggregate is an excellent fill to be placed 
on boundaries of structures with various frost heave 
requirements and soils with different frost susceptib-

ly. In frost-susceptible soil, the frost insulation prote-
cts the pipelines against frost heave, but not the soil 
adjacent to the pipe trench. To avoid the occurrence 
of possible uneven harmful frost heaves next to the 
frost-insulated pipelines, wedge-like narrowing tran-
sition structures can be easily implemented using 
foam glass aggregate for backfill.

Foam glass aggregate can tolerate local deformation 
(frost heave, settlements, sharp impacts, etc.) better 
than slab-like frost insulation that may crack or break. 
An even initial fill layer made of frost-resistant fi-
ne-grained rock aggregate and a drainage layer shall 
be also required underneath the slab insulation 

If a structure cannot tolerate any frost heave, at least 
0.2 m thick a drainage layer of sand or crushed stone, 
for example, shall be built under the layer of the in-
sulating foam glass aggregate, if frost susceptible soil 
occurs under the frost insulation. The drainage layer 
can be replaced with an ‘extra-thick’ layer, approxima-
tely 150 mm, of foam glass aggregate.

3.3 Pipeline structures

3.4 Frost insulation
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A

B

Figure 3.5.  a) Foam glass-aggregate as a lightweight fill and frost-insulation material in yard and 
pipe trench structures. b) A settlement – time curve (rough estimate) showing loads produced 
by the yard structures on a subgrade in the case of (b): approx. 10 m thick clay layer with water 
content approx. 100%, top of embankment approx. 0.5 m above original ground level, load reduc-
tion implemented with foam glass aggregate, 0.4 m thick pavement built on top of foam glass 
aggregate (0.8 m without foam glass aggregate). 

Figure 3.56. Foam glass aggregate as a frost insulation material of road or street structures.

1 m foam glass aggregate 

0.5 m foam glass aggregate 

without foam glass aggregate  
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4. GEOTECHNICAL CALCULATIONS  

The aim of geotechnical calculations is to avoid land-
slide, displacement, and settlement of soil caused 
by a structure. Stability, settlement, buoyance, frost 
heave and bearing capacity calculations shall be per-

formed to the required extent to design the struc-
ture. The calculations shall be based on currently in 
force design requirements and regulations.

The design of the lightweight fill structure shall con-
firm that: 

 ● stability of soil and a soil structure is adequate

 ● settlements remain within the allowable limits 
(especially long-term settlements)

 ● earth pressure does not significantly impact ot-
her structures

 ● buoyant force does not break the structure 

when water rises into it and

 ● bearing capacity of a pavement structure is suf-
ficient (pavement structure is sufficiently thick 
and rigid)

The lightweight fill structure shall be designed, for 
example, in accordance with the Guidelines for De-
sign of Lightweight Structures by the Finnish Tran-
sport Agency [2011].

A frost insulation layer prevents frost penetration to 
the subjacent structure. Depending on the structure 
various calculation and design requirements shall be 
applied for frost insulation: 

1) Outdoor areas of a building 
2) Streets 
3) Roads 
4) Pipelines

Bearing capacity and frost heave calculations of foam 
glass aggregate structures shall be performed accor-
ding to applicable guidelines. Specific features of a 
site shall be considered in dimensioning of the foam 
glass aggregate structure. Design and calculation 
principles are presented in Annexes 2-6. The foam 
glass aggregate applicability shall be determined at 
the design stage.

1) Outdoor areas of a building

In yards and parking areas, for example, frost protec-
tion shall be calculated according to ‘Subgrade and 
Pavement Structures of Yards. Design and Construc-
tion Guidelines’ [RIL 234-2007]. In the design of buil- 
 
 

dings and infrastructure the guidelines for frost pro-
tection of buildings and infrastructure in accordance 
with ‘Frost protection of Buildings and Infrastructu-
re’ shall be followed [RIL 261-2013]. In the guidelines 
concerned, the design shall be based on calculations, 
in which the frost heave coefficient, i.e. the segregati-
on potential SP, shall be determined in laboratory or 
field conditions by preliminary frost-heave measure-
ments.

The guideline provides nomograms for determining 
the thickness of a non-frost-insulated structure. In 
addition, the guidelines include the nomograms to 
be applied to define the thermal resistance, mr, re-
quired for thermal insulation of a pavement. The 
thermal resistance shall correspond to the freezing 
index, 50- and 100-mm frost heave and moderately 
and highly frost-susceptible soil. (Equation 4.1). 

     

Equation 4.1.

de thickness of thermal insulation [m] 

mr thermal resistance of insulation [m²K/W] 

λ thermal conductivity of insulation [W/Km],  
see Table 2.1  

4.1 Design of a lightweight fill structure

4.2 Frost heave calculations 

de = mr .  λ
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Load-bearing or bearing capacity calculations are 
performed to determine the bearing capacity of 
structural courses from the top of the fill. Bearing ca-
pacity refers to the ability of a structure to resist de-
formation under a load. Bearing capacity is applied 
as an apparent coefficient of elasticity, i.e. E-modulus 
(Young’s modulus). Odemark equation is used to cal-
culate the theoretical bearing capacity. The following 

data is needed to calculate the bearing capacity of 
the layer: bearing capacity of underlying structure/
layer, E-modulus of material in the calculated layer 
and thickness of the calculated layer. Odemark equa-
tion is presented in Equation 4.3. Bearing capacity 
calculations of a road structure shall be performed 
according to publications [2004] and [2005] issued 
by the Finnish Road Administration.

In frost heave calculations, the return period of the 
design air-freezing index depends on the designed 
structure. In dimensioning of yard areas, once in 10 
years return period, F10, in normally used. In the de-
sign of class 1 areas paved with natural stone slabs, 
once in 50 years return period, F50, shall be applied, 
F50 (classification of yard areas and frost heave di-
mensioning are provided in Tables 4.1, 5.7, 5.9 and 
Figures 5.11-5.16 of RIL 234-2007 guidelines).

Case calculations of foam glass aggregate frost insula-
tion of a yard structure located in Helsinki metropolitan 
area are provided in Annex 3.

2) Streets

A street shall be based and constructed so that frost 
heave occurred in the street structures and soil be-
neath does not cause any harmful longitudinal or 
transversal unevenness on the street surface [Inf-
ra-RYL]. Design of a street and frost heave calcula-
tions shall be performed according to ‘Guidelines for 
Street Design and Construction’ [Katu 2002]. Based on 
the guidelines, frost penetration into a frost-suscep-
tible subgrade may be limited by thermal insulation, 
the thickness of which shall be calculated according 
to Equation 4.1. In addition, frost heave calculation 
requirements of streets and yards are presented in 
the publication ‘Frost Protection of Streets and Yards’ 
[Saarelainen & Kivikoski 2001].

Case calculations of foam glass aggregate frost insu-
lation of a street structure located in Tampere area are 
provided in Annex 4.

3) Roads 

The guidelines set the maximum allowable frost 
heave value for a road pavement which cannot be 
exceeded. The thickness of thermal insulation imple-

mented in a road structure by foam glass aggregate 
shall be determined using frost heave coefficient and 
freezing index of a subgrade soil in accordance with 
‘Design of Road Structures’ [Finnish Road Administra-
tion 2004a]. 

Frost heave of subgrade (RNIask) under frost-resistant 
superstructure (=built of frost-resistant materials) can 
be calculated by Equation 4.2.

Equation 4.2.

RNlask is calculated frost heave of subgrade [mm] 

S design frost depth [m] based on location or 
freezing index (Design of Road Structures 2004, 
Figure 13) 

Ri frost-resistant layer thickness 

ai insulation capacity of material related to insula-
tion capacity of sand (Design of Road Structures 
2004, Table 13, ai of foam glass aggregate from 
Table 2.1) 

t subgrade frost expansion [%] (Design of Road 
Structures 2004, Table 10) 

Case calculations of foam glass aggregate frost insu-
lation of a road structure located in Jyväskylä area are 
provided in Annex 5. 

4) Pipelines 

Frost protection of pipes shall be performed ac-
cording to the guidelines of ‘Frost Protection and 
Thermal Insulation of Pipelines installed in shallow 
Trenches’ [Mäkelä 1982]. The guidelines describe the 
principles of frost protection and nomograms for cal-
culation of insulation thickness with different frost 
insulation materials in different cases. Attention shall 
also be paid to the required frost protection and ther-
mal insulation of wells located in yard areas. 

RNlask  = (S – ai  . Ri – a2  . R2 ...ai  . Ri )  . t / 100

4.3 Bearing capacity calculations

12 13



Foam glass aggregate - load reducing fill material

Streets are grouped in classes from 1 to 6 based on 
their importance for traffic, and each class has its 
own target bearing capacity, which shall be ensu-
red by bearing capacity calculations. For design of a 
pavement structure, standard pavement structures 
of street classes depending on a subgrade bearing 
capacity based on the bearing capacity calculations 
are presented in the InfraRYL and Katu 2002 publi-
cations.

If the subgrade soil is frost-susceptible, the adequate 
total thickness of the pavement structure shall be ve-
rified based on the freezing index and allowed frost 
heave. If the street pavement structure deviates from 
a standard pavement structure, it shall be calculated 
by Odemark equation using E-moduli of structural 
courses presented in Katu 2002. 

Equation 4.3

EA load-bearing capacity [MPa] achieved under 
calculated layer 

EP  load-bearing capacity [MPa] achieved above 
calculated layer 

E E-modulus of material of calculated layer [MPa] 

h thickness of calculated layer [m] 

E modulus of the unbound layer is maximum 6 x EA and the bound layer’s 
maximum is n x EA, where n coefficient is obtained from the publication ‘In-
formation for Road Design 71’. Bitumen-bound layers with E ≥ 1500 MPa are 
calculated as one layer, and this layer’s modulus is the calculated weighted 
average of all the layers’ moduli. 

When a thermal insulation layer in a traffic area is built 
using foam glass aggregate, the pavement structure 
over the layer located in the street area shall be at 
last 0.5 m thick (or thicker if required bearing capacity 
of the pavement structure is higher), and in the road 
area it shall be at least 0.7 m thick. A thinner layer of 
foam glass aggregate can be used in the areas with 
lower traffic loads (e.g. pedestrian and bicycle roads). 
In some cities, the required thickness of the layer to 
be placed above the lightweight structure deviates 
from above mentioned. It can be explained by, e.g. 
installation of cables in a finished superstructure, or 
other similar reasons. 

Bearing capacity case calculations of a road structure 
located in Jyväskylä area are provided in Annex 6.

Lateral earth pressure applied to retaining walls 
depends, among other things, upon nature and 
strength of the backfill and upon the flexibility (mo-
vement) of the retaining wall. The retaining wall shall 
be designed, and the lateral earth pressure shall be 
defined case-by-case considering soil conditions, 
geometry of the retaining wall, impacting loads, re-
quired external view, etc.  

The lateral earth pressure coefficient used in calcula-
tions is determined based on strength parameters of 

the soil layers impacting the retaining wall. Usually, 
the coefficient is determined according to ‘Guideli-
nes for Excavations’ RIL 263-2014.

The coefficient of foam glass aggregate provided by 
the guidelines [2014] of the Finnish Transport Agen-
cy for the earth pressure at rest is 0.35 when the im-
pact is loading. The coefficient is smaller (appr.0.1) 
when the impact is stabilizing.  

4.4 Calculation of lateral earth pressure on retaining wall  
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5. INSTALLATION   

A design of a lightweight structure shall present the 
following: location and extent of a foam glass aggre-
gate layer, top and bottom levels, thickness of the 
layer in a finished structure. In addition, the design 
shall provide a type of geotextile (normally N3), its 
location and overlap requirements, dimensions and 
materials of possible drainage layers, perimeter em-
bankments, etc. The design shall include a work spe-
cification, layout drawing and needed cross-sections 
prepared in the required scale.

Prior to construction, a detail design and quality 
control and assurance plan shall be prepared, inclu-
ding at least:

 ● construction method statement

 ● description of existing structures and buildings 

preventing and limiting the works, and their pro-
tection

 ● fill placement and compaction requirements

 ● work safety requirements

Possible implementation risks shall also be conside-
red in the design. Construction of the lightweight 
structure does not cause any significant environme-
ntal nuisance (noise, vibration, etc.) or similar impacts 
on adjacent structures which are usually produced 
by piling. Most of the risks are possible in the situati-
on when substantial soil excavations are needed for 
the lightweight structure, which may cause risks of 
stability, lateral displacement, or settlement of ad-
jacent structures are possible.

Usually, foam glass aggregate is delivered to a 
construction site by trucks, normal shipment capa-
city of which varies between 100 and 150 m³ (Figure 
5.1a). They have three containers, with two instal-
led on a trailer. The containers are handled using a 
hooklift installed on the truck (Figure 5.1b). Material 

is unloaded by dumping and then spread by an ex-
cavator or a bulldozer.

A shape of stockpiled material is the same as of con-
ventional aggregate, and no protection is required 
during storage. Nevertheless, in winter it shall be pro-
tected from freezing and forming clumps.

5.1 Design  

5.2 Construction

Figure 5.1.  Delivery of foam glass aggregate to the construction site.  

A B

15



Foam glass aggregate - load reducing fill material

Compaction method  

Foam glass aggregate can be compacted in wet and 
dry state.

For preliminary compaction a conventional construc-
tion machinery shall be applied (for example, 
crawler-mounted machinery which load is equal to 
30-50 kPa). Compaction using the crawler-mounted 
equipment shall be performed by moving a half track 
width at a time. More than two passages are required. 
The preliminary compaction is considered enough 
when the surface is even, and the crawlers do not lea-
ve any marks on the surface of the foam glass layer. The 
preliminary compaction from the surface of the foam 
glass aggregate layer shall be performed carefully so 
that required evenness is achieved. If a vibrating plate 
(150-200 kg) is applied for preliminary compaction, the 
required number of passages shall be more the two.  

Maximum thickness of the layer to be compacted at 
once is 0.6 m if a sufficiently heavy crawler is used for 
compaction. When the vibrating plate is applied, the 
maximum thickness of the layer is 0.4 m.

After preliminary compaction a minor crushing of gra-
nules can be observed, but it does not harm the per-
formance of the structure.

If the compaction cannot be done using heavy mach-
inery because of the soft and easily disturbed subgra-
de, the foam glass aggregate layer shall be compacted 
with a vibrating plate.

The actual compaction shall be performed from the 
surface of 150-200 mm thick crushed aggregate layer 
using a vibrating roller (with 1 or 2 rolls). The required 
number of passages shall be ≥ 4. The compaction with 
the vibrating roller directly from the surface of the 
foam glass layer is not allowed.

In a standard lightweight structure, a compression rate 
of foam glass aggregate associated with the compac-
tion is around 15-25%. In thinner frost insulation struc-
tures used to repair frost damages in street of sport-
field surface structures, the compression is ≈20-30%. 
Compression shall be considered in advance when 
spreading the material. 

Maximum thickness  
of layer  
(before compaction)

Number of passages **

Crawler-mounted machinery (load 30-50 kPa) 0.6 m * 0.8 m

Vibrating plate (50-200 kg) 0.4 m

Table 5.1. Preliminary compaction of the  
foam glass aggregate layer. 

* When constructing on a soft subgrade, maximum thickness of the 
lowest layer may be 0.9 m to avoid the disturbance of the subgrade.  

** The number of passages in guidelines of the Finnish Transport 
Agency is ≥ 4 (Finnish Transport Agency 2014)

In the construction, specific attention shall be paid 
to the fact that thickness and height of the finished 
foam glass aggregate layer are according to the spe-
cified by the plan. It shall be verified:

 ● by measuring the bottom level and location of 
perimeter embankments/edges before sprea-
ding the foam glass aggregate

 ● by ensuring that compression of the material 
has been considered in the thickness of the 
foam glass aggregate layer before the compac-
tion, and

 ● by measuring the top level of the foam glass ag-

gregate layer after compaction.

Measurements shall be performed so that shapes 
of the structure are notified (in the structures with 
various shapes measuring points shall be located at 
smaller intervals).

In addition to the measurements, it shall be checked 
that the amount of foam glass aggregate delivered 
to the site corresponds to the amount presented in 
the plans. In case the amounts differ, the reason of 
the deviation shall be clarified. If the deviation is cau-
sed by wrong implementation, the structure shall be 
repaired to match the plan.

5.3 Quality control 
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The safety data sheet for foam glass aggregate is 
available from the material supplier. Normally, the 
dust release of the foam glass is rather minor. Foam 
glass aggregate that is completely dry, direct from 
the factory or sun-dried will release dust when hand-
led or when subjected to wind. The fine dust is not 
toxic, but it irritates the eyes and the respiratory tract. 
Light watering is enough to bind the dust. When the 
air is dry, the foam glass aggregate must be watered 

if dust release is detrimental to work or there is a risk 
of occupational safety. Goggles and a respirator with 
a specific filter (P2) should be used for handling dus-
ty foam glass aggregate, especially when unloading.

Long-term treatment of the foam glass aggregate 
causes skin irritation due to the rough surface and 
high pH. The use of protective gloves (work gloves) 
is recommended.

Foam glass aggregate is a non-combustible ceramic 
material and can withstand normal chemical subst-
ances that are commonly presented on streets and 
roads (e.g. oil products and road salt).

A risk assessment has been carried out on the use of 
foam glass aggregate in groundwater areas [Ramboll 
2011b]. According to the risk assessment report, the 
use of foam glass aggregate as thermal insulation or 
lightweight fill material in road, street, and yard struc-
tures does not cause a significant risk of groundwater 
pollution.

Foamit is a CE-marked product that meets the requi-
rements of SFS-EN 13055-2 standard for lightweight 
aggregate in bound and unbound applications 2+. 
In addition to technical properties, the material puri-
ty, health and environmental impact are notified by 
CE labelling. For application with high safety requi-
rements performed in soil and hydraulic structures 
and road construction, the product conformity is de-
monstrated according to 2+ quality control procedu-
re. Conformity to CE label requirements is assured by 
continuous quality control and monitoring measu-
rements during the product manufacturing process.

Foam glass is a completely reusable product. When 
reused, the foam glass aggregate shall be clean and 
not mixed with other soil material. Placed in a struc-
ture, foam glass aggregate shall be separated by 
geotextile to prevent mixing with other soil mate-
rials. Careful excavation of foam glass aggregate from 
the structure is required to avoid the mixing.

When foam glass aggregate is used as a lightweight 
fill material, the most important aspect of reuse is to 
prevent the mixing with other soil masses and thus 
to avoid the increasing of the unit weight. If foam 
glass aggregate includes a considerable number of 

fine fractions caused by previous compaction and 
excavation, fines shall be removed before the mate-
rial can be reused in a lightweight structure. Or the 
unit weight shall be determined before reuse of the 
material. Presence and quantity of fines is not impor-
tant is less crucial lightweight structures.

Foam glass aggregate mixed with other soil material 
can be applied as a fill below a superstructure, whe-
reby the settlement, stability, buoyance and bearing 
capacity calculations shall be performed according 
to the properties of the mixture in question.

5.4 Work safety 

6.1 Environmental impacts 

6.2 Reuse and recyclability  

6. ENVIRONMENTAL CONSIDERATIONS
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Foam glass aggregate - load reducing fill material

As removed from operation, foam glass aggrega-
te shall be treated as a construction waste, which 
shall be disposed in accordance with the safety data 
sheet regulations. Foam glass aggregate mixed with 
soil cannot be disposed on a landfill of surplus soil 
masses.

Foam glass aggregate shall be removed as a construc-
tion waste, i.e. delivered to a landfill. The material 
shall be approved in advance before delivery to the 
landfill. Further information on the product disposal 
is provided in the safety data sheet.

Small amounts can be disposed with mixed waste.

When it comes to emissions from manufacturing, 
foam glass aggregate is an ecological recyclable pro-
duct. 

Apply of foam glass aggregate enables economy of 
natural stone and other building materials and dec-
reases excavation soil quantity, for example, due to a 
smaller required thickness of a structure in compari-

son with conventional materials. Its thermal insulati-
on properties result in reduced frost heave damages 
on streets and diminished need for structural imp-
rovement and pavement. Use of recycled glass as a 
raw material saves natural mineral resources. Use of 
lightweight material reduces transportation and its 
fuel consumption, resulting in decreased transport 
emissions.

6.3 Disposal 

6.4 Ecology 
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