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central Greece

south of Maliakos Gulf 

and the city of Lamia

Athens-Thessaloniki 

E75 major highway

length: 1km

Hmax embankment : 8.5m 

period: summer 2008

PROJECT DESCRIPTION – HISTORICAL AND GEOLOGICAL BACKGROUND
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PROJECT DESCRIPTION – HISTORICAL AND GEOLOGICAL BACKGROUND

recent marine and 
deltaic deposits 

 plain and swampy 
area

 GL ≈+1.0m

 GWL = 0 
(surface)

 very poor ground 
properties

7.5m highway embankment / underpass of local road and culverts

8.5m approach embankment for Thermopylae I/C branch overpass

replacement 1m / stone columns D=80cm, L=11-15m, s=3m



PROJECT DESCRIPTION –HISTORICAL AND GEOLOGICAL BACKGROUND

height of 4 ÷ 4,5m → global failure l = 200m

continuous ≥ 2m wide rupture // alignment, ≈ 10 ÷ 14m from edge 

outer part subsided ≈ 1m



GROUND CONDITIONS AND FAILURE ANALYSIS

deep seated, undrained failure of very soft clay (Α), depth 5-10m

soil resistance overestimated, back analysis -> Su = 12kPa

stone columns negligible contribution, limited side support

reduced diameter (D=0.5÷0.6m), inferior quality with depth (φ=32º)

SC at failure: highly mixed with clay, distinct rupture at depth ~3÷5m 



LIGHTWEIGHT FILL DESIGN

eliminate restrictions imposed by a heavy earth embankment, 

steep one way cross slope of the road surface (≈5%) into account



 Lightweight fill on top of the inclined leveling surface: 
EPS 100 blocks
ΒminxLmin = 1.0x2.0m, layers ≥50cm, stepped side slope

LIGHTWEIGHT FILL DESIGN



LIGHTWEIGHT FILL DESIGN

 Consecutive layers at right angles to each other to avoid continuous 

vertical joints, upper row aligned transversal to the axis direction.

 Steel fasteners prevent blocks from moving out of position during the 
construction process. 



 15cm lightly reinforced concrete slab C20/25 on top of EPS fill →

protection of fill crown against solvents

pavement’s proper foundation and drainage 

LIGHTWEIGHT FILL DESIGN



Soil Settlements

Cases: Total, long term 

consolidation, post construction 

Method - Analysis: 2D Plane strain, 

Consolidation theory

Software:  FOSSA

DIMENSIONING AND ANALYSIS

spc = 5cm compared to 1.5m earth embankment (ΗΜΑΧ = 8.5m) 

Considerations:

preloading by h=1÷1.5m earthfill

γearthfill = 20 kN/m3,  γEPS = 0.5 kN/m3



DIMENSIONING AND ANALYSIS

Stresses and deformations in EPS

Cases:

a. Permanent loads on top of EPS (pavement and concrete slab) p = 20-25kPa =>

• p < 30% σc10 = 30kPa (Frydenlund, Aaboe, 2001)

• εi <1% immediate strain (TRB recommendations)

b. Elastic, immediate deformation (during construction)

sEPS = pxHEPS/ EEPS, EEPS = 5 MPa (TRB) => sEPS  20x8/5000 = 13cm
negligible compared to subsoil settlement

c. Deformations under repetitive traffic loads (q) on top of EPS

load distribution: 

 pavement Ip = 1 , Tp,min =0,77m

 concrete slab Ic = 2 , Tc = 0,15cm 
=>

q ≤ 15.5kPa << 0.35 σc10

q+p ≈ 35 kPa < σe =50 kPa = 
minimum elastic limit stress (TRB) 

tolerable creep 
deformations



CONSTRUCTION DATA

 Application length: 1030m

 EPS volume: 65,000m3

 Construction time: 2.5 

months (06-08/2008)

 Inaugurated – opened to 

traffic: 18/09/08

 Production rate:

1000m3/day 

(including protection 

measures and quality 

control)



CONSTRUCTION REQUIREMENTS & REFINEMENT ACTIONS

 block dimensions adapted to 
production availability and construction 
acceleration (L =35m, B= 1.01.35m, 
H= 0.61.0m) thicker blocks at the 
upper layer

 application design noted block types at 
every layer 

 minimum of 2 layers (except edge 
sections) 

 rearrangement to avoid transverse 
joints, adjustments to block lengths, 
shorter blocks to the inner side 

 blocks adjusted at junctions or 
adjacent to structures by an electric 
wire cutting

 random gaps adjacent to structures 
filled by polyurethane foam - sealing 
membrane fixed on EPS

 observed curvature → longitudinal 
wooden beams beneath the bottom 
block at the factory



QUALITY CONTROL AND MONITORING
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Specif ication

Production Plant 1

Production Plant 2

Independent

Laboratory

Production plant (automatic and manual) / independent laboratory

full compliance of the design requirements:

σc10 ≈ 112 to 121kPa >100kPa, σc2>50kPa, σc5 ≈ 0,9σc10 ≈ 100kPa, linear 

behavior up to 4% strain, ρ = 20.3÷21.2 kg/m3, σb =200÷250 >>150kPa

ΕΝ14933: 

compressive strength 

control at 3 strain 

levels: 2 %, 5 % and 

10 % 

50mm cubic samples,   

3 measurements for 

each test result, 

specimens from inner 

and the outer areas 



QUALITY CONTROL AND MONITORING
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EPS, avg.10 rec.

SC, h=3.5-4m, avg. 2 rec.

SC, h=6.5-7m, avg. 6 rec.

3 years after completion very satisfactory performance, best among highway 

sections in the valley area - no settlements or other problems 

EPS 3 months PC settlements

much lower than

neighboring sections: 

• earth fill 4m and 7m 

• stone columns 

• better ground conditions 

↓

EPS solution’s superiority in 

terms of time and 

maintenance.



CONCLUSIONS

 The first application of lightweight fill by expanded polystyrene in

Greece was realized in an extended area with very poor ground

conditions, in order to face important foundation problems, to

overcome observed failures and to comply with project’s time schedule.

 Construction of embankments up to 8.5m by the use of a substantial

EPS amount proved very successful in terms of safety, construction

time and overall post construction performance after 3 years.

 The effectiveness of this first application, despite initial controversy and

hesitations about the solution and the use of EPS in highway projects in

general, honored a positive reputation to the project and the material.

EPS became quite attractive to designers, contractors and many

authorities for future application in road embankments and even more

in bridge abutments.


