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1. Studied Media Relation between compaction, 1. Studied Media Hot Mix Asphalt layers = porous 
media (C the volume concentration) 
with :

Compaction  C
C= Ca+Cf +Cb = 1-Cair

Relation between compaction, 
HMA permittivity and density

with :

�Aggregates and fines, Ca+Cf ~[88 real)iC,iε(fHMA ρρρρ====ρρρρ
realCHMA ρρρρ====ρρρρ

HMA and real density
�Aggregates and fines, Ca+Cf ~[88 
to 96%]: 

�Bitumen, C ~[4 to 7%]; 

HMA Permittivity (CRIM Model) 
α
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methodSFRbymeasuredHMAε

�Bitumen, Cb ~[4 to 7%]; 

�Air, Cair ~[4 to 12%] ]1;1[
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�Air, Cair ~[4 to 12%]

2. Step Frequency radar Slab permittivity2. Step Frequency radar
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2) Volume permittivity
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2) Volume permittivity∆∆∆∆t
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3. Comparison of SFR and nuclear gauge density3. Comparison of SFR and nuclear gauge density
Tested HMA materials: 3 types of slabs implemented 

at different compaction level
SFR Volume map compaction: the 

considered compaction is averaged
HMA basalt density (8 slabs) HMA chalk density (8 slabs)

40cm

1 – Quartzite (99%)
2 – Fine (1%)
3 – Bitume ext (4,7%)
4 – ρreal=2,475 g/cm3

CCRIM,vol

60cm

Quartzite 94%
4 – ρreal=2,475 g/cm

1 – Basalte (93%)
2 – Fine (1,7%)
3 – Bitumen int (5,3%)
4 – ρ =2,680 g/cm3

Thickness=8cm

4 – ρr=2,680 g/cm3

1 – Chalk(100%)
2 – fine (0%) realCHMA ρρρρ====ρρρρ αααα=0.43 αααα=0.64

Gamma bench (NF-EN 98250.5): reference 

Thickness=8cm
2 – fine (0%)
3 – Bitumen ext (4,7%)
4 – ρr=2,486 g/cm3 CCRIM =0,93±0,03

realHMA
Density estimated by 

averaged map
compaction C and 
real HMA density

αααα=0.43 αααα=0.64

Gamma bench (NF-EN 98250.5): reference 
method for SFR comparison

Nuclear map compaction obtained witjh 

real HMA density
1 – In blue, with αααα=0.5

2 – In red, with
optimized αααα HMA quartzite density (4 slabs )

Receiver
Cnucl.

Nuclear map compaction obtained witjh 
gamma bench Density estimation by SFR 

method are closed to 
density estimated by 

HMA quartzite density (4 slabs )

HMA slab

Receiver density estimated by 
nuclear method

1 – 3% for HMA quartzite 1 – 3% for HMA quartzite 
slabs ,

2- less than 2% for basalt

Emitter Cs137

Cnucl =0,91±0,02

2- less than 2% for basalt
and chalk slabsαααα=1.12 

Emitter Cs137
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