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A WIRTGEN GROUP COMPANY

ADVANCED
COLD RECYCLING
Pavement Design – Case Study

2016/05/09 Advanced Cold Recycling: Part 5 - Material stabilisation 1

b

AYRTON SENNA HIGHWAY

Originally constructed early 1970s

“EcoPistas” (an EcoRodovias concession since 2009)

July 2011

AADT > 200,000vpd (15% heavy)
(> 15,000 heavies / day in each direction)

(> 30,000 ESALs / lane / day)

Milling & Replacing 100mm HMA lasts < 6 months

Lane closure only between 23:00 – 05:00

KEY DATA

6 HOURS

Results of Pavement Investigations

HMA ± 100mm

SELECTED COARSE GRAVEL (CBR >25) ± 200mm

EMBANKMENT (RIVER LEEVEE) (CBR > 15)
Semi-infinite

GRADED CRUSHED STONE ± 200mm

CEMENTED CRUSHED STONE  ± 250mm
6% CEMENT

Rehabilitation Options?

350mm

BSM-a 200mm

BSM-b    130mm

20mmHMA

?
Deviator
Stress
Ratio

100mm

50mm

1 2

3 4

5 6
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Tests on Existing PavementCase Study

Layer / material Test Pit and 
chainage 

Layer thickness 
(mm) 

CBR (%) / 
EVD (MPa) 

MDD / OMC 
(kg/m³ / %) 

In situ 
moisture (%) Comments 

Asphalt surfacing 
(capa) 

TP 4 – km15+795 45 - / 112 

  

 
TP 3 – km15+945 50 - / 82 Cracked 
TP 1 – km16+106 45 - / 18 Deformation 
TP 2 – km16+210 65 - / 118  

Asphal t base 
(binder) 

TP 4 – km15+795 70 - / 125 

  

 
TP 3 – km15+945 80 - / -  
TP 1 – km16+106 80 - / 74  
TP 2 – km16+210 70 - / 49  

Cement s tabilised crushed 
stone base (BGTC) 

TP 4 – km15+795 200 - / 238 

  

 
TP 3 – km15+945 200 - / 63 Moist/ intact 
TP 1 – km16+106 200 - / 101 Segregated 
TP 2 – km16+210 200 - / 59 Intact 

Crushed stone subbase 
(BGS) 

TP 4 – km15+795 150 118 / 547 2166 / 7.3 - 
Presumed 

wet 
TP 3 – km15+945 150 117 / 40 2187 / 7.6 - 
TP 1 – km16+106 150 120 / 40 2173 / 9.1 - 
TP 2 – km16+210 150 114 / 100 2160 / 7.9 - 

Clayey sand with gravel  
selected subgrade 

(arei a argi losa) 

TP 4 – km15+795 185 20 / 447 1993 / 8.2 8.2 

Wet 
TP 3 – km15+945 100 21 / 40 1893 / 9.5 12.4 
TP 1 – km16+106 140 22 / 25 1985 / 7.5 10.8 
TP 2 – km16+210 100 23 / 15 1940 / 7.5 10.8 

Sandy cl ay subgrade 
(argi la  arenosa) 

TP 4 – km15+795 920 14 / 384 1602 / 20.9 - 

Wet 
TP 3 – km15+945 920 12 / 50 1517 / 24.6 28.0 
TP 1 – km16+106 No data  Standi ng water Saturated 
TP 2 – km16+210 895 13 / 31 15.12 / 24.5 26.2 

 

Ayrton Senna - EcoPistas
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FWD Deflection AnalysisCase Study

Ayrton Senna - EcoPistas
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Variability!!

Gradings of Base LayerCase Study – Ayrton Senna

Ayrton Senna - EcoPistas
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Pavement Number

Category A

Category B

PAVEMENT NUMBER (PN)

Pavement balance through 
modular ratio
Pavement life through 
Frontier Curve
Consider Category of Road

Cat A = 95% reliability
Cat B = 90% reliability

Not a transfer function
Rather, design frontier

Cat B
Cat A

Lab Triaxial Analysis 

Permanent deformation (rutting) 
design for granular material

Design Life for 10mm rut

DEVIATOR STRESS RATIO Modelling (Rubicon  LET)
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“BALANCED PAVEMENT”

85 / 15 RAP / Dust blend
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Selection of 
Modulus Values 
for Granular

9/22/2021 13

Material Modular 
Ratio

Maximum 
stiffness (MPa)

Crushed stone 1.8 – 2.0 300 - 500

Gravel 1.5 – 1.8 150 - 300

Soil 1.2 – 1.6 50 - 150

Case Study

Material 
Code 

Material Description Elastic Modulus 
Support Condition 

Over Cemented Over Granular 
G1 High quality crushed stone 250 – 1000 (450)1 150 – 600 (300) 
G2 Crushed stone 200 – 800 (400) 100 – 400 (250) 
G3 Crushed stone 200 – 800 (350) 100 – 350 (250) 
G4 Natural gravel (base quality) 100 – 600 (300) 75 – 350 (225) 
G5 Natural gravel 50 – 400 (250) 40 – 300 (200) 
G6 Natural gravel (subbase quality) 50 – 200 (225) 30 – 200 (150) 
EG4 Equivalent granular, G5/G6 parent material – 200 – 400 (300) 
EG5 Equivalent granular, G7/G8 parent material – 100 – 300 (200) 
EG6 Equivalent granular, G9/G10 parent material – 30 – 200 (140) 

SAPEM
PN

Application Material Code Saturation Level1 Shear Strength Parameters 
Cohesion (kPa) Friction Angle () 

Base 

G1 
Dry 90 – 130 53 – 57 

Moderate 75 – 100 51 – 55 
Wet 50 – 75 50 – 53 

G2 
Dry 100 – 125 54 

Moderate 50 52 
Wet 45 50 

G3 
Dry 75 51 

Moderate 40 51 
Wet 20 50 

G4 
Dry 75 51 

Moderate 40 47 
Wet 20 45 

Subbase 
Coarse Materials 
GM: 1.7 – 2.3 
Max size: 28 – 37.5 

G5/6 
(BLS4252< 170) 

Dry 100 – 125 45 – 49 
Moderate 50 – 100 41 – 45 

Wet 10 – 50 39 – 42 

G5/6 
(BLS425 > 170) 

Dry 225 – 275 45 – 49 
Moderate 50 – 100 41 – 44 

Wet 25 – 35 31 – 33 
Subbase  
Fine material 
GM: 1.5 – 1.6 
Max size: < 14 

G5/6 
(BLS425 < 100) 

Dry 125 – 250 43 – 45 
Moderate 40 – 50 43 – 45 

Wet 10 – 25 40 – 43 

Selected Subgrade 

G7  
Ferricrete 

Dry 75 – 100 43 – 45 
Moderate 0 41 – 43 

Wet 0 40 – 41 

G7 
Sand 

Dry 75 – 100 35 – 37 
Moderate 0 37 – 40 

Wet 0 35 – 37 

In Situ Subgrade 

G10  
Ferricrete 

Dry 75 45 
Moderate 0 37 

Wet – – 

Silt 
Dry 80 – 100 30 – 35 

Moderate 0 30 – 35 
Wet 0 30 – 35 

Clay 
Dry > 250 20 – 30 

Moderate 25 – 50 15 – 25 
Wet 5 – 25 10 – 15

Selection of Shear 
Properties
for Granular Subbase

9/22/2021 14

Case Study

Actual 34                      430

SAPEM, 2014

Modelling (Rubicon  LET)
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“BALANCED PAVEMENT”

85 / 15 RAP / Dust blend
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Modular Ratio Rule
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Material Modular 
Ratio

Maximum 
stiffness 

(MPa)

Crushed stone 1.8 – 2.0 300 - 500

Gravel 1.5 – 1.8 150 - 300

Soil 1.2 – 1.6 50 - 150

Material Modular 
Ratio

Maximum 
stiffness (MPa)

HMA 5 1000 - 2500

BSM 2 - 3 500 - 1200

CTB 2 - 3 300 - 500

Crushed stone 1.8 – 2.0 300 - 500

BSM Class Cemented 
Subbase    

Granular Subbase  

BSM  
(RAP + GCS)

900 – 1750 700 – 1200

BSM 
(GCS Grade Crushed 
Stone)

800 – 1200 600 – 900

ELT Mr = f (aggregate type and quality, RAP %, 
bitumen %, support, traffic, climate)

Supporting Layer  

Effective Long Term Stiffness of BSM for Design

Actual 600/1000/1200

BSM Modulus Values : Triaxial testing

9/22/2021 17

Pavement Design – Case Study

BSM Modulus Values : FWD back-calcs

9/22/2021 18

Pavement Design – Case Study
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Design Function for BSM

𝑁 ൌ 𝑓 ሺ𝑅𝐷,𝑅𝑒𝑡𝐶,𝑃𝑆, 𝑆𝑅ሻ
Relative Density Plastic Strain (a/b)

Retained Cohesion Stress Ratio

a b

Case Study Construction Sequence

23:00  Close off slow lane and shoulder

1. Mill out HMA – haul RAP to stockpile
2. Mill out CTB – remove from site
3. Proof roll with 18t PTR

Undercut / backfill where necessary
4.  Construct 1st BSM-foam layer (200mm)
5.  Construct 2nd BSM-foam layer (130mm) 
6.  Apply 20mm HMA

05:00  Open to traffic

To local stockpile

REMOVE 100mm HMA

Impact crusher (20mm gap setting)

DAYTIME OPERATIONS

Processing the RA

KMA 220 mixing plant
Mix 1:  100% RA + 2% Foamed Bitumen + 1% lime

Mix 2:  85% RA / 15% dust + 2.1% Foamed Bitumen + 1% lime

Mixed materials placed in 
stockpile

19 20

21 22

23 24
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250mm

100mm

REMOVE 250mm CTB LAYER

PROOF ROLLING (27ton PTR)

Remove 320mm / rock backfill 1st BSM LAYER (200mm)

PADFOOT COMPACTION

2nd BSM LAYER (130mm)

25 26

27 28

29 30
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TANDEM / PTR COMPACTION

20mm GAP-GRADE ASPHALT

MOISTURE RELEASE

18th November 
2011 28th March 2012

31 32

33 34

35 36
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Average wheel-path deformation < 5mm

August 2013 (21 months)

Mill off 50mm (remove deformation)
Construct  final wearing course

FWD Analysis:  From km 15+650 to km 16+250
SLOW LANE Applied Load: 8 ton axle load, 541 to 607 kPa applied pressure

Pavement Layers Thicknes
s (mm)

Poisson’
s ratio

Derived resilient modulus (MR) (MPa)

Average 80th %ile (high) 80th %ile (low)

Asphalt surfacing 50 0.4 3000 3000 3000

BSM base 100 0.35 1633 1954 1312

BSM upper subbase 200 0.35 1192 1527 857
Natural lower 

subbase 250 0.35 346 459 253

Subgrade support Inf 0.35 275 309 204

Analysis of FWD survey – October 2014

BALANCED PAVEMENT > 100 lane-km rehabilitated using this method

PROJECT ON-GOING

37 38

39 40

41 42
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