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Abstract 

 

Egnatia Highway is the greatest road construction project in Greece. The 5,9 billion 

Euro project extending from west to east of mainland Greece is due to finish within 

2009. Safety being of major importance combined with cost effective solutions 

resulted in the adaptation of a new specification for the skid-resistant surface course. 

The new specification, closely related to Spanish standards, involves a 25mm-thin, 

well open graded mixture of fine sand and coarse aggregates of the same origin, 

using modified asphalt binder. 

 

This paper, being a result of close co-operation between the managing company of 

the highway, Egnatia Odos SA, and the sole producer of EAF hard aggregates in 

Greece, AEIFOROS SA, is describing the findings from two perspectives. The first 

one, being the view of the administrating body, summarises the results of the 

measurements such as SRV, LA, macrotexture depth, water penetration, effective 

binder content, all compared to the original mixture studies. Unavoidably comparison 

is made to similar courses with natural hard aggragates of igneous origin. In 

advance, the produced Baghouse Fines (normaly of no-use in asphaltic concrete) 

were used as Mineral Filler of SCC (Self Compacting Concrete). 

 



 

1. Introduction 

 

1.1 Historical data 

 

Egnatia road or Via Egnatia dates back to Roman Times, one of the two most 

important roads leading to the capital Rome. Via Egnatia part of the larger path of the 

Via Traiana that, via the port of Gnaphia, crossed present-day Greece to the Evros 

Rive. The Via Egnatia ran through Dyrrachium, Lychnidos, Heracleia, Edessa, Pella, 

Thessaloniki, Amfipolis, Filippoi, Topeiro, Maximianoupolis and Traianoupolis. 

 

Originally built in 146 and 120 BC following the path of a pre-Roman road, stretched 

from Evros on the eastern Greece to western alpine landscapes being the military 

road during Roman, Byzantine and post-Byzantine times. The name "Egnatia" was 

given to the entire road, i.e. from Rome to Constantinople , in honour of the Roman 

proconsul Gnaeus Egnatius who built it. [4] 

 

1.2 From history to recent times and construction 

 

Since 1984 the biggest road construction project in Greece has been studied and 

developed in order to reconnect, through major road construction, East and west 

Greece on the traces of the ancient Via Egnatia. Not only morphological and 

topological difficulties existed especially in the Alpine environment of Pindos 

mountain range but also vast civil engineering problems concerning landslides, 

enormous backfilling, tunnels and bridges through intense seismogenous zones. 

 

It was not till mid ‘90’s that construction begun through the planes of eastern Greece. 

Construction of the most difficult parts of Egnatia road was not initiated till 2005. 

Since then, 95% of the Egnatia road connecting Igoumenitsa in the Prefecture of 

Thesprotia to Kipi in the Prefecture of Evros was constructed with a remaining 40km 

being due by the beginning of summer 2009. 
 



 
 

Figure 1. Map of Egnatia road [4] 
 

The Egnatia Motorway is crossing three region namely being from east to west 

Thrace, Macedonia and Epirus starting from the Igoumenitsa Port, which provides 

links by boat to Italy, and ending to Kipi in Evros (Greek-Turkish borders). 

 

On a national level, the Egnatia Motorway will increase investments in sectors like 

transport (e.g. new freight centers), industry and tourism. It will play an important role 

as a major development axis in Northern Greece. 

 

On a European level, the motorway links the major industrial centers of the West with 

those in the East. 

 

The following table illustrates the major characteristics of the project 

 



 

Stretching From Igoumenitsa in the Prefecture of Thesprotia to Kipi in 
the Prefecture of Evros 

Project size 670 kilometres 

Linked to the ports of  Igoumenitsa - Thessaloniki - Kavala - Alexandroupoli 

And the airports of Ioannina - Kastoria - Kozani - Thessaloniki - Kavala – 
Alexandroupoli 332 towns and villages 

Proposing and 
financing 

Archaeological excavations, protection of monuments, 
environmental protection works (biotopes, etc.) 

Technical 
characteristics 

Dual carriageway of international standards with two traffic 
lanes per direction, a central reserve and an emergency 

lane. 
 

Table 1. Identity of Egnatia [4]  
 

1.3 Adaptation to bituminous surfacing 

 

Following the major innovations in construction level, EGNATIA ODOS SA, the 

company responsible for the supervision of construction and operation of Egnatia 

road, adopted a thin surfacing of asphaltic concrete, 2,5cm in thickness, according to 

article ST6 of Official body Technical Specification where both gravel and sand must 

be from the same hard aggregate [1] which in the case studied is Electric Arc furnace 

(EAF) slag processed by the recycling company AEIFOROS SA. This paper presents 

the technical data of the surfacing for the part 10.1 -11.2 of Egnatia Road and 

specifically for the part between Nymfopetra and Rentina Junction. The excess filler 

from the slag sand were further used for Self compacting concrete mix. 

 

2. Materials used 

 

The main characteristic of the 2,5cm-open-graded surfacing is the air voids (6-15%) 

which allows surface run-off of rain water and prevention of spraying. The sufficient 

macro-texture depth in combination with skid resistance of the aggregates result in a) 

decrease of noise and b) prevention of blurring from the reflection of light on the 

surfacing. 

 

The final course guarantees minimum aquaplaning with major decrease of spraying 

during heavy rain conditions which can raise visibility and thus safety issues during 

motorway operation. 



 

The drawbacks of this specification are a) greater oxidization of asphalt, b) risk of 

binder efficiency in cases of improper mix, c) decreased life span in comparison to 

close-graded mixes, d) fines and dust filling air voids reducing beneficiary effects of 

increased macro-texture, e) necessity of close-graded underlying layer with sufficient 

traverse gradient, f) reduction of load bearing capacity in comparison to thicker 4,5cm 

skid-resistant surfacing of normal practice [2]. 

 

The first three drawbacks are solved through the use of modified bituminous binder 

while the rest are not considered sufficient to reduce the effectiveness. 

 

2.1 Aggregates (Coarse – Fine – Filler) 

 

According to specification ST6 of Technical specifications, both coarse and fine 

aggregates must be crushed and of the same origin. The grain distribution as well as 

the upper and lower limits of the specification are presented in Table 2. 
 

Coarse Aggregates 

Sieve size  
(in mm) 

Percentage Passing (%) per 
weight acc. to specification 

EAF slag percentage 
passing (%) 

14 100 100 

10 99 – 85 87,9 

8 37 – 62 40 

6,3 1 – 15 4,7 

4 0 – 5 1,8 

0,6 0 – 2 0,6 

Fine aggregate 

Sieve size  
(in mm) 

Percentage Passing (%) per 
weight acc. to specification 

EAF slag percentage 
passing (%) 

6,3 100 100 

2 99 – 85 85,4 

0,5 40 – 60 51,5 

0,063 11 – 16 18,3 
 

Table 2. Grain size distribution for EAF slag 
 



For filler aggregates (passing 0,063m), limestone was used. Very fine limestone sand 

with 16% filler was used for base and sub-base courses and as such 7 to 8% of was 

rejected and included in the skid-resistant mix (Table 3). 
 

Filler aggregate 

Sieve size  
(in mm) 

Percentage Passing (%) per 
weight acc. to specification 

Limestone filler 
percentage passing (%) 

0,5 100 100 

0,063 70 – 100 100 

Methylene blue value 
(MBF) 

< 1 0,3 

 

Table 3. Limestone filler distribution 
 

The following table (Table 4) presents the mechanical and physical properties of the 

aggregates in the mix. 
 

Test Result Specification 

Resistance to fragmentation (L.A.) % 15,06 (ASTM C 131/89) 

Water absorption of coarse aggregate % 1,16 (AASHO T-85) 

Water absorption of filler aggregate % 1,15 (AASHO T-85) 

Water absorption of fine aggregate % 1,50 (AASHO T-85) 

Sand Equivalent (S.E.) 70 (AASHO T-176) 

Specific weight of coarse aggregate (gr/cm3) 3,268 (AASHO T-84 & T-85) 

Specific weight of filler (gr/cm3) 2,263 (AASHO T-84 & T-85) 

Specific weight of fine aggregate (gr/cm3) 3,167 (AASHO T-84 & T-85) 

Resistance of wear using MgSO4 for coarse aggregate % 2,91 (AASHO T-104-99) 

Resistance of wear using MgSO4 for fine aggregate % 3,612 (AASHO T-104-99) 

Aggregate crushed value (ACV) % 12 (ΕΛΟΤ ΕΝ 1097.02) 

Aggregate abrasion value (AAV) % 2,80 (BS 812.113-1991) 

Flakiness Index (FI) % 9,77 (BS 812.105.1:1989) 

Elongation Index (EI) % 11,32 (BS 812.105.1:1989) 

Resistance to polishing (PSV) 64 (ΕΝ 197.80) 

Methylene Blue 5,00 (ΕΝ 933.09-1999) 

Micro-Deval 9 (ΕΝ 1097-1) 
 

Table 4. Physical and mechanical properties 
 



2.2 Bituminous binder 

 

The binder used for this project was modified asphalt with 4% SBS polymer type P 

25/55 according to EN 14023 (Table 5). 
 

Test Result Specification 

Flash point (°C) > 230 (AASHO T-48) 

Penetration at 25 °C 46 (AASHO T-49) 

Softening point (°C) 77 (AASHO T-53) 

Ductility at 25 °C cm > 100 (AASHO T-51) 

Solubility in CCL4 % 99,76 (AASHO T-45) 

Elastic recovery (25 °C) % 92 (ASTM D 6084-97) 

Viscosity  acc. 
BROOKFIELD 160°C cPs 421 (ASTM D 4402-95 

Fraas point (°C) -13 (EN 12593-1999) 

RTFOT Tests   

Penetration at 25 °C 42 (AASHO T-49) 

Softening point (°C) 79 (AASHO T-53) 

Elastic recovery (25 °C) 73 (ASTM D 6084-97 

Mass change (%) 0,85  
 

Table 5. Binder properties 
 

2.3 Mix design and laying 

 

The final mix design contains 75% EAF slag 6,3-10mm, 20% 0-2mm EAF slag sand 

and 5% limestone filler all percentages per weight of aggregates. The following 

results were obtained after the Marshall samples were compacted with 50 blows on a 

compaction pedestal. 

 

The production of the mix was carried in a conventional hot mix plant. The production 

process did not differ from the one followed in conventional mixes. The only 

difference was the heating temperature for the asphalt and the mix with the 

aggregates. These temperatures were: 165-175 °C for the asphalt and 170 °C 

roughly for the mixing. 

 



The produced mix was transported at the work front, in a 5-kilometer distance where 

it was placed with conventional asphalt paver. 
 

Property 
Specification 

limits Results 

Bulk density of compacted aspalt mix 
(gr/m3) 

- 2,626 

Max theoretical density of compacted 
aspalt mix acc. Rise (gr/m3) 

- 2,905 

Air voids in compacted mix (%) 6,0-15,0 9,6 

Voids in the aggregates % (VMA) - 22 

Voids filled with binder % (VFB)  - 56,4 

Bulk density of aggregate mix (gr/m3) - 3,198 

Active specific weight of mix (gr/m3) - 3,217 

Total specific weight of mix (gr/m3) - 3,228 

Specific weight of binder - 1,02 

Active binder content (%) - 4,81 
 

Table 6. Mix design characteristics 
 

It must be stated that mainly due to high air temperature at the time of spreading (28-

30 °C roughly - August) no particular temperature decrease was observed (5 to10 

°C) [7]. After further cooling of additional 10-15 °C compaction begun. The number of 

passes of 8 to10 tonne rollers was determined during construction and was 4-6 

passes. 
 

  

Figure 2. Asphalt spreading Figure 3. Mix compaction 

 



3. Sample testing and verification 

 

During construction, representative samples were taken for inspection [8] of a) grain 

size distribution for the mix of aggregates, b) percentage of binder, c) percentage of 

air voids and d) penetration and softening of the binder. 

 

The samples were taken from the compacted mix. At the same time macro texture 

depth and penetration measurements were carried in situ. 
 

  

Figure 4. In situ testing of macro-

texture depth 

Figure 5. Penetration testing 

 

Indicatively, the characteristic results for macro texture depth were 1,8mm to 2,7mm 

while penetration was 0,20cm/sec up to 0,40cm/sec. 

 

4. Use of excess EAF filler as mineral filler in SCC 

 

Self compacting concrete is the type of concrete that, due to its own gravity and 

rheological nature, can fill any type of form-work and obtain the appropriate 

compaction with no additional vibration due to low viscosity and great workability. 

Main feature of SCC is the special fluidity of the mix in connection to the stability, the 

later being a measurement of resistance to segregation of the materials, both 

dynamic (during transport) as well as static (after placement). This advanced 

concrete is targeting to improve specific aspects of normal practice. 

 

According to experts SCC is the greatest evolution in the field of concrete technology 

for the last 50 years. Compared to traditional practice, the mix design contains 



greater percentages of fines and filler aggregates, as well as admixtures like 

plasticizers and viscosity modifiers (VMA). 

 

The greatest problem for the production of SCC is the lack of fine aggregate sources. 

During the production process of asphalt concrete described in the previous chapter, 

excess EAF slag filler is collected in baghouse filters. The suitability of slag filler as 

mineral filler is studied in this chapter. The chemical composition of slag filler is 

presented in the following table (Table 6). X-ray diffraction (XRD) analysis was used 

to identify the composites and no chemical change was observed. 
 

Sample Specific 
weight 

Blaine SiO2 Al2O3 Fe2O3 CaO MgO SO3 

EAF 
Filler  

3,20 2372 65,22 16,65 2,00 5,38 0,58 0,12 

 

Figure 6. Chemical composition of filler 
 

After multiple trial mixes, the best mix was chosen (Table 7), the properties of which 

in fresh and hardened state are presented in Table 8 and Table 9. 
 

Materials Percentage kg/m3 

Portland Cement ΙΙ 42,5 
(origin ΤΙΤΑΝ) 

400 

Total water 220 

EAF slag filler 80 

Coarse Aggregates 4/10 680 

Sand 0/4 890 

VMA 0,2 

HWRA 5,5 

Stabiliser 0,9 
 

Table 7. Best Mix design 
 

Time Slump Flow V-funnel L-Box 

t0 71/72 5 1 

t30 70/71 6,5 1 

t60 68/64 7 0,8 

t90 60/62 12 0,75 
 

Table 8. Properties of fresh SCC 
 



Age of sample Ultimate Compressive 
strength cu (ΜΡa) 

16h 9,3 

24h 11,7 

3d 28,1 

7d 34 

28d 42,5 
 

Table 9. Properties of hardened SCC 
 

During the lab testing (Slump Flow, L – Box, V – Funnel, Figure 7, Figure 8 and 

Figure 9) and application the resulting mix presents all the properties of self 

compacting concrete and as such it was applied successfully during construction. 
 

   

Figure 7. Slump Flow Figure 8. L-Box test Figure 9. V - Funnel test 

 

5. Conclusions 

 

Egnatia road, a multi-billion-euro revival of ancient Via Egnatia is being realised. A 

closed motorway, fully developed to meet highest safety standards, had to overcome 

exceptional engineering problems. Innovations ranging from longspan bridges and 

tunnels in an seismogenous area down to the application of a 2,5 centimeter, close 

graded surfacing had to be adopted. Innovative methods most of the time necessitate 

innovative materials which, in the case of the thin surfacing, was electric arc furnace 

slag. 

 

In conclusion, after the preliminary testing and field application of the thin bituminous 

mixture, 

• Initial testing and application of the asphaltic concrete consisting solely of slag 

aggregates can be considered as success giving the final surfacing all the 

required properties 



• In addition, the physical, mechanical and chemical consistency of EAF slag 

played an important role in simplifying the bituminous mix production process. 

It is yet left to examine the behavior of the skid resistant course through time 

due to extreme weather conditions of the area. Long term experience in mixes 

with similar characteristics (4cm asphaltic concrete which is the normal 

practice), lead to believe that this is not something to be expected. 

• Finally, excess filler of slag sand was used in self compacting concrete, both in 

laboratory trial mixes as well as field application. Initial results show high early 

strengths with an increase in weight of concrete. 
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