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Introduction 

Energy saving, noise, insulation and environmental protection requirements are 

essential features of construction today, and will remain so in future. For architects and 

building constructors, additional insulation layers on one hand mean a restriction on the 

amount of freedom they have in planning and structural design, but on the other hand they 

have a beneficial effect of the development of new, innovative system solutions. Expanded 

polystyrene (EPS) is a plastic material that today has today assumed a significant place in 

practical construction on account of their excellent material properties. Current practical 

examples from many countries provide an insight into the unique versatility of foamed 

plastics from EPS in different applications. 

Examples on how EPS is used 

1. EPS foamed plastics in the roof 

From the viewpoint of construction physics, the roof is the most highly stressed 

part of a building. Heat and cold, dryness and wetness, storms and snow act on it from the 

outside, internal relative humidity acts on it from the inside. Roof designs and construction 

materials have to be made with this in mind. Plastics play a significant part in this connection, 

as insulating layers, sealing sheets or vapor barriers. 

Whether a flat roof or a pitched roof, whether someone’s home or a factory 

building: EPS foamed plastics are always an alternative because they have outstanding 

insulation and offer economical answers as insulating systems.  

2. In a flat roof 

Flat roof insulation is an important field of application for EPS foamed plastics. 

The insulating material is laid loosely, fixed by adhesive or mechanical means. Insulating 

units in the form of boards or rolled sheets, pre-coated with roofing felt, are often used for 

this. The lamination with roofing felt protects the insulating layer when adhesively fixing with 

hot bitumen. 

Unlaminated EPS insulating boards are used in combination with roofing 

membranes. They require an applied load, for example of gravel, or a fixing with special 

dowels. 

3. In a pitched roof 

Both in new buildings and in old ones, roof space is frequently being developed 

for living purposes. This means that the area under the roof must be adequately insulated – in 

the winter against the cold and in the summer against the effect of sunlight. Insulating layers 



 6 

of EPS foamed plastic as filler insulating boards, as lay-on systems or as thermal- insulating 

composite units are extremely suitable for this. Walls are both load bearing and protective 

structural components. They protect the room they surround against the effects of temperature 

weather and against noise.  

4. Insulation of external walls 

In what is the optimum type of insulation from a construction physics viewpoint, 

the insulating layer is applied to the outside of the load bearing masonry and weather 

protected by a reinforced special plaster or a facing board. But composite EPS/plasterboard 

units are also used to achieve thermal insulation to today’s requirements by insulating walls 

from inside. Walls and floors are produced ‘’in one’’ when EPS formwork elements are used 

for the production of reinforced concrete ribbed floors.  

5. EPS lightweight concrete and porous bricks 

Foamed beads, particularly EPS grades, are suitable for lightweight plasters, and 

for the production of lightweight concrete and porous bricks. Form the economical point of 

view of processing of structural thermal insulation like EPS concrete is of particular interest 

because of the low, very light apparent density range: for example for the production of 

domed houses, using an expandable shell on which the EPS concrete is mechanically sprayed. 

Another application is a specially prefabricated system in which the tubular recesses in 

lightweight EPS concrete wall units are filled after erection with normal concrete, which 

undertakes load bearing and reinforcing functions. 

6. Prefabricated systems 

The use EPS foamed plastic boards as thermal insulation in large format facade 

units of normal concrete (sandwich construction) has long since proven successful. The high 

mechanical load bearing capacity and dimensional stability of EPS rigid foam also make 

possible a trouble free production of large lightweight units which can be covered with 

various materials depending on the intended application. 

Sheeting with steel sheet, wood or chipboards as load bearing wall or roof unit in 

prefabricated home construction has a potential of being an economical dry insulation 

technique. Particularly in North America, it has been recognized that houses made from 

prefabricated EPS units make possible far more cost effective and construction and energy- 

efficient living than conventional building methods.  

In sandwich facade units covered with short-fiber reinforced concrete as well as 

large format wall and roof units EPS is used for thermal insulation. These kinds of elements 

are often used for industrial constructions and cold stores. In cold rooms or cold storage 
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houses the good thermal insulation and dimensional stability of EPS foamed plastics prove to 

be effective even at low temperatures.  

The lightweight, prefabricated composite units can be transported cost effectively 

over large distances. They are therefore also used as a structural system in the construction of 

houses and housing estates, in particular in locations where living quarters have to be created 

under difficult climatic and constructional conditions. Whether in the cold of the Antarctic or 

in the heat of dry desert regions: EPS composite units make economical construction possible 

and offer pleasant living conditions. 

7. Floor constructions with EPS  

Impact sound insulation 

In some countries, structural sound insulation is even today only of secondary 

importance; nevertheless, in the meantime noise pollution has become so great everywhere, 

especially in large build- up areas, that adequate sound insulation is becoming ever more 

important. As well as limiting sound transmission through external compound units, impact 

sound insulation is of great importance. To achieve effective impact sound insulation, the 

sound, which is made by walking on a floor, must be prevented from being transmitted to 

other compounds units. For instance, a chick carpet may be laid on a concrete floor. This is 

temporary solution, as the carpet wears out or may be taken up. Another possibility is to 

increase the weight of the floor and thus reduce the sound transmission. This is possible to a 

limited extent for financial and technical reasons. All of these considerations finally led to the 

development of what is known as the ‘’floating floor system’’, a flooring structure common in 

particular in Germany and a number of other European countries. As well known, footing 

floors is flooring (for example cement screed) which is laid on a flexible insulating layer and 

can freely oscillate, thus acting as a spring- mass system. This substantially prevents the 

penetration of structure- borne sound into the floor structure. Special EPS foamed plastic 

boards, which are elasticized by special subsequent, have proven their value for impact sound 

insulation. Such boards have a low dynamic rigidity (comparable with an air cushion) and are 

nevertheless sufficiently compression resistant to bear the load of the floor permanently.  

8. EPS as a multifunctional element in construction 

As well as applications in the area of thermal insulation, EPS foamed plastics 

perform a wide variety of other functions in construction.  

 Drainage boards 

Drainage boards of EPS consist of foamed EPS beads, which are interconnected 

such a way that the voids produce a large continuous pore volume. As a vertical filter layer in 
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front of cellar walls, drainage boards prevent seepage water accumulating in the ground until 

it exerts hydrostatic pressure. They form a path of seepage from the overlying ground to the 

drain tile at the foundation of the wall. Drainage boards of EPS have also proven particularly 

suitable for the drainage of roof gardens. The advantages here are the additional thermal 

insulation and the low weight in comparison with a drainage layer of gravel. 

 Permanent formwork 

To reduce the weight per unit area of large- span concrete floors, in particular in 

the case of ribbed floors and coffered ceilings, EPS formwork elements are used. Depending 

on requirements, such formwork elements are cut from the block or produced as foam molded 

unit. 

Pushing the board sections into a correspondingly designed structure of galvanized 

steel bars produces large- format wall and floor formwork with foamed plastic boards. After 

assembly of the formwork elements, concrete is cast in the cavity. The thermally insulating 

EPS formwork is subsequently plastered or lined, the other steel mats offering a good 

anchorage. 

For making concrete facades, EPS textured formwork is used. To create an artistic 

design on a concrete wall, the image relief may be cut in the foam (for example with am hot 

wire), and the foam then used as concrete formwork.  

 Foundation engineering 

Especially in Scandinavian countries with severe winters and deep frozen ground, 

EPS has proven very successful as an insulating material for protection against frost damage 

to foundations and buried pipelines. The special properties of the closed- cell foamed plastic 

such as stability and durability, the immunity to moisture and ground bacteria and also the 

good thermal insulation have resulted in rigid foam boards being used as a frost protecting 

layer in road and railroad construction. The practical experience of this since 1968 – in 

particular in Scandinavian countries- proved the basis for a new method of construction, 

which has been developed since 1972 in Norway and in the meantime is also put into use in 

other countries. This is EPS blocks as a load distributing substructure for road and bridge 

approach ramps in areas with areas with poor loading bearing soil conditions. In such regions, 

major settlement of the pavement structure has occurred over the years, necessitating 

expensive renovation work. Solving the problem was possible with EPS rigid foam blocks 

which; assuming an apparent density of at least 20 kg/m3, have the strength properties 

necessary for this application. The high bending and shear strength of the lightweight slab 



 9 

stock foam made a good pressure distribution possible on the running soil. The low weight of 

such a substructure permanently prevents sinking of the road structure. 

The rigid foam blocks are secured against slipping by claw plates and stacked up 

to a height of 10 m. Then a 10 cm thick layer of concrete with steel mesh reinforcement is 

applied before laying the bituminous pavement.  

After positive experience with this construction method in Scandinavian countries, 

it is also being practiced in many other countries: in the Polder regions of the Netherlands, 

Japan and in North America.  

 9. Sandwich composite 

Door shutters is an example of sandwich panels. This application was described by 

K.K.Asthana , R.Kakhani and L.K.Aggarwal in ‘’ Expanded polystyrene composite door 

shutters- an alternative to wooden door shutters’’. The sandwich composites are a special 

form of laminated composite in which thin, strong, stiff, hard but relatively heavy facings are 

combined with thick, soft, light and weaker cores to provide lightweight composites. The 

composites thus obtained are stronger and stiffer in many respects than the individual 

components. Sandwich panels with a foam core have shown greater promise in construction 

activity and have helped architects and engineers the world over to develop new design 

techniques. 

To assess the suitability of doors shutters, they were tested. 

 End immersion test: the doors shutters were immerse to a height of 300mm in 

water at ambient temperature for 24 hours and then allowed to dry for 24 hours at ambient 

temperature. The cycle was repeated eight times. To pass the test there should be no 

delaminating after these cycles.  

Varying humidity tests: tests in varying humidity intend to give quality assessment 

of the resistance of the door towards different weather conditions of changing humidity and 

the consequent moisture content at various portions of the door. The door was placed for one 

week in a conditioning chamber at a temperature of 27 ± 2
o
 C, and humidity was maintained 

at 40 percent. The length, breadth, thickness and diagonal of the door are noted at the end of 

the week. Then, the humidity was raised to 90 percent and the door remained again for one 

week. After this the humidity was reduced back to 40 percent for one week. The dimensions 

were measured every time. There should not be any visible warping, twisting or delamination.  

Differential humidity test: the humidity inside the conditioning box differed from 

the external humidity by an amount of about 40 percent. The door was kept in such a way that 
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one of its faces was exposed to the room atmosphere. After one week, the general condition of 

the door, with respect to any warping or twisting was recorded. The door was then allowed to 

recover from differential moisture on the two faces for about a week, and the extent of 

recovery was noted. There should be no visible warping and twisting after recovery.  

Slamming test: the door was placed in horizontal position suitably hinged at three 

equidistant places on one of the long edges. The other edge was lifted up so as to form an 

angle of 30 degrees at the hinged edge and allowed to drop under its own weight several times 

on the wooden rail. The general condition was noted after every ten drops. There should be no 

visible damage caused in any part of the door by the first 50 drops.  

Conclusions: developed EPS composite material can be used for partitioning, 

paneling and cladding purposes as well as for tabletops and cupboards, etc. Door shutters 

using this composite material have also been developed. It can be used in place of traditional 

wooden door shutters. On the basis of the results, EPS door shutters are expected to have 

long- term performance comparable with wooden doors. EPS door shutters are 100 percent 

wood substitute, light- weight, have excellent sound and thermal insulation, can be polished 

and painted, are easy to install, and economical compared to wooden door shutters.  

 10. Impact compression of polystyrene foam pyramids 

Like a moisture tests, studies of deformation and mechanical strength are one great 

importance. The application “Impact compression of polystyrene foam pyramids’’ was 

described by Y.Masso-Moreu, N.J.Mills in 2002. Their study was on two-dimensional and 

three-dimensional truncated pyramidal polystyrene foam shapes. For both the truncated 2-D 

and 3-D pyramids, the predicted initial yield forces were within 25 percent of the 

experimental data, and the force at 50 percent strain within 10 percent, for a range of taper 

angles, as long as the uniaxial compressive hardening data ignored the initial stress plateau. 

The shape of the force displacement response was related to the geometry of the pyramids. 

EPS density is uniform in all directions and there are no weak bead boundaries. One single 

density of foam was studied, since the main interest was in the foam geometry. Expanded 

polystyrene foam, produced from beads, is a material commonly used for the shock- 

absorbing packing of electronic goods. The low-density foam in this study has closed cells. 
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 Elements and boundary conditions: the boundary conditions on the foam top 

surface are ramped linearly towards a compressive displacement equal 70mm, and the force F 

computed at each step. The energy input to the foam is a numerical integral of F versus x. The 

initial kinetic energy of the striker can be equated with the total energy input to the foam. 

Since the foam response is independent of strain rate, the loading curve will follow a 

‘mastercurve’ until the point where the striker kinetic energy is totally absorbed. 

 Results of analysis: two types of pyramids were compared: 2-D pyramid with 

taper angle 29
0
 at 40.6mm displacement and 3-D pyramid with taper angle at 22

0
 at 39.2mm 

displacement. The concept of ‘average strain’ is introduced in an attempt to make the results 

independent of the sample height. It is the average value of the compressive strain along any 

vertical line from the pyramid top to its base. A contour map of the vertical displacement of 

the top was 40mm (an average strain of 54 percent). If there were uniform strain, the contours 

would be horizontal and equally spaced. Hence, the curved contours (the curvature increases 

as the slant angle of pyramid side increases) show that the strain field is non- uniform. The 

vertical strain is the gradient of displacement in the two directions, so large strains penetrate 

deep into the lower parts of the pyramid. A contour map of vertical displacement (3-D) again 

shows there must be nonuniform strain. Compared with the 2-D pyramids, the high strain 

region penetrates less far into the base of the pyramid, a result of the more rapid decrease in 

the average stress with increasing distance from the pyramid apex.   
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Fig. 2. Perspective views of test samples with fixed dimensions and variable top half-

width w: (A) 2-D pyramid, (B) ¼ of 3-D pyramid with anvils, (C) axisymmetric approximation to 3-D 

pyramid. 
 

Results of 2- Dimensional truncated pyramids: the output energy values, obtained 

from the areas under unloading force displacement graphs, are much smaller than the impact 

energy, showing that EPS foam absorbs a large fraction of the impact energy. As the taper 

angle is reduced the width at half height increases and the volume of foam increases. At the 

same time the intercept force increases. For the lower taper angles, the impact energy was 

doubled, in order to try to achieve a similar maximum displacement. An impact test on a 0
0
 

taper angle speciment, with the same base area as those specimens, would have an initial yield 

force (of 3.0 kN). Analysis of 5 impacts, on separate speciments with the same geometry, 

showed that the forces were repeatable ± 4 percent. As for the 3-Dimensional truncated 

pyramids, the specimen volume increases as the taper angle decreases. The maximum average 

compressive strain is the value, when the striker has come to a half, averaged along a vertical 

line through the pyramid. The lowest value occurs for the speciment with the lowest taper 

angle. An impact test on a 0
0
 taper angle speciment, with the same base area, would have an 

initial yield force (of 2.25 kN). Hence most values are comparable, but some are lower (2-D 

pyramids with low taper angles). 

 

Fig. 3. Predicted contours of vertical displacement (mm) for: (A) 2-D pyramid with taper 

angle 29
0
 at 40,6 displacement, (B) 3-D pyramid with taper angle 22

0
 at 39,2 displacement. 

 

 Deformation grids on 2-D and 3-D pyramids: images, for the initial grid and that 

after a known deformation, were superposed. The deformation has spread throughout the 
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majority of the specimens, except near the lower corners. The upper initially horizontal, grid 

lines have become circular arcs, ending at the upper anvil/foam interface. This reflects the 

bending over of the side surfaces of the pyramid to touch the upper anvil. Lower, initially 

horizontal, grid lines have more complex shapes. Any change in the angle between the grid 

lines identifies shear strains; there are high shear strain regions near the upper outer corners of 

the foam. Displacement vectors can be drawn between the undeformed and deformed 

positions of each grid intersection. The lowest values occur at the sloping sides of the 

pyramid. In the lower parts of pyramid, the values are somewhat greater.  For 3-D pyramids, 

the horizontal cross- sectional area increases in proportion to the width squared, so the 

average vertical compressive stress decreases more rapidly towards the base than in 2-D 

pyramids with the same taper angle. Consequently, given that the stress also decreases with 

the horizontal distance from the central axis, the stress is very low at near the lower outer 

surfaces of 3-D pyramids, and usually below the yield stress. At 60 percent average 

compressive strain, the lower parts of the grid remain almost undeformed, showing that the 

stress is so low that plastic deformation does not occur. The top portion of the pyramid sides 

have folded over into contact with the top steel anvil. The vertical mirror symmetry plane in 

the centre of the image, the three uppermost visible horizontal grid lines are displaced 

downwards, but the lower ones are undisturbed.  The experiments confirm that detectable 

displacements of the horizontal grid lines only occur near the top of the visible surface. In the 

interior of the pyramid, the vertical displacement field is concentrated closer to the top of the 

pyramid than in the 2-D pyramid with the same taper angle. 
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Fig. 4. Deformation grids on pyramid exteriors compared with undeformed grids. Upper, 

2D-pyramid, lower, 3D-pyramid 

 

 11. Conclusions. EPS as building material can be used in a lot of parts of a 

building; i.e. roofs (flat, pitched), floors, and in composition with other building materials, 

especially concrete. There are several reasons to use polystyrene – first of all for thermal 

insulation and as construction part. Developed EPS composite materials can be used for 

partitioning, paneling and cladding purposes as well as for table tops and cupboards, etc. Door 

shutters using this composite material have also been developed. Deformation tests prove the 

possibility to use EPS to other than construction applications.  
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Experimental part 

 

Influence of polystyrene foam specimen size to compression strength while 

deforming up to 10% 

 

Studied materials: 

Two types of expanded polystyrene (two densities) were studied – 16kg/m
3
 and 37 

kg/m
3
. In order to study influence of different size of samples, three geometric types were 

used: 

 

Fig. 5. (1) Length x width x high – 5 x 5 x 5;  (2) 10 x 5 x 5;  (3) 5 x 5 x 10. (all 

dimensions in cm) 

 

At first all the samples were measured and numbered. With the loading rate of 5 

mm/min and a sample height of 50 mm, 1 minute of loading was needed to reach a 10% 

deformation. The samples that were 100 mm high were loaded for 2 minutes to reach the 

same percentage of deformation.  

 

Main problems: 

 Are the sample’s surface parallel with testing machines cross head? 

 How to find starting point for measurements? 

 How to find end point for measurements for 10% deformation? 
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 Height, width and length were measured for all samples before testing. 

This was needed to evaluate the influence of local defects of the sample. 

The samples will never be identical in all surfaces. As practice shows, 

deformation values starts to appear on the paper scale of the test apparatus 

before the sample surface is totally taken by machines cross head. It means 

that dependence between load and deformation function practically starts 

to go up, but theoretically deformation of the sample didn’t start. 

 

Fig. 6: Cross head of testing apparatus reaches the sample. 

 

  This leads to the problem about how to find the starting point for 

measurement. The signal from the load cell is registered by the pen-writer 

on the paper that is moving with a constant rate. By measuring the distance 

that the paper move from when the signal from the load cell shows that the 

sample is starting to be deformed the amount of deformation can be 

measured. This is the only way to register the load at the 10% 

deformation. But if the sample is loaded gradually, as described by figure 

6, the starting point is hard to define. This happens when the surface has 

defects and presses crosshead didn’t reach the whole surface.  

 

 Defining the starting point reflects finding the end point for measurements 

for 10% deformation. Part of the solutions could be – increasing paper-

speed to get a better resolution time. Another solution could be to define a 

secondary starting point as the intersection between the base line (when 
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the load cell is not loaded) and the slope of the line during loading of the 

sample. If the starting point is defined wrong, the final 10% deformation 

result will be wrong too. This explains quite big scatter of results (between 

two critical edge values).  

 

Conclusions.  

 

Size of sample has influence on material strength, especially it more noticed on 

samples of higher density. Calibration should be done correctly before 

experiments, because it can help to avoid mistakes in defining start and end 

diagram points. Samples also need to be produced with great care in order to 

avoid problems with finding the starting point during the measurements. The aim 

of this work is to define mechanical relations of EPS as a constructional part. The 

use of the material as thermal insulation is already quite thoroughly studied. 
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