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Swiss test section 

 
Christiane Raab, Empa  

 



ORRAP Material 
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RAP Properties RAP Binder Properties 

RAP Type RAP 

Source 

Bit Cont. 

[w%] 

Density 

[kg/m3] 

Water Cont. 

[w%] 

Pen. 

[.1mm] 

R&B 

[°C] 

RAP 0/22 CH 4.3 2.387 4.4 21 68.6 



Swiss Test Section 
Wahlen-Büsserach, June 24, 2019 



Design of CH Test Section 
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Technical Data 
Replacement Reinforcement 
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var. var. 0.5m 0.5m 6m 

1.5m. 

Replacement of old 

Asphalt in Sections 

4cm AC 11 N;(70/100) 

10 cm ORRAP 
Reinforcement & 

Widening +0.5m Milling 3-5cm of 

Existing Pavement 

Low Traffic Volume 

Length: 380m 

Width 5.5m 

Shoulder 1.5m 
 

On Top of Old Road  

Milling of Old Pav.: 100mm 

 

Tack Coat:  

Cationic Bitumen Emulsion 
 

Base Layer: RAP 0/22mm 

ORRAP Layer Thickness 100mm 
 

Surface Layer: AC 11 N, 70/100 

Surface Layer thickness: 40mm 

Width of Surface Layer 0.6m less 

than ORRAP Layer (0.3m each side) 

4cm AC 11 N; (Binder: 70/100) 

Old Pavement 

Milling 3-5cm of existing 

Pavement 
Tack Coat 

 

10 cm ORRAP 



Construction of CH Test Section 
Construction Day 

Tack coat application early morning 
 

Delivery of ORRAP material and 
start of paving: 8.00 

 

 

 



Construction of CH Test Section 
Paving Condition 

Hot Day, Max. Temp: 36°C 
Transportation to Site: 35km 
Water Content RAP: 4.2 - 4.7% 

 
Addition of Water to Paver 
Auger & Behind Paver Screed 

 

 

 



Compaction of CH Test Section 
Compaction (3 Compactors) 

Steel Roller (2.5t) for Pre-compaction & Leveling; Partly in Vibration Mode 
Pneumatic Tire Roller (4.5t) 
Pneumatic Tire Roller (24t) 

 

 

 



Compaction problems  
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Heavy Steel Roller (12.t)  
In Vibration Mode 
Not Successful: Transversal Cracking 
Stopped! 
 
 
 

 

 



Other Construction Problems 
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Construction Problems  
Big Chunks of material have to be removed constantly 
 
Big Aggregates blocking the auger 

 

 

 



Other Construction Problems 
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Construction Problems  
Stability of shoulder 

 

 

 

 



Finished ORRAP layer 
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ORRAP layer RAP 0/22mm 
 

 

 

 



Application of surface layer 
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Next day: Application of surface layer AC 11 N 
 

 

 

 



Situation after 1 year 
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September 2020 

 

 



Success 
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General Conclusions 
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Constructing low and moderate traffic volume roads with 100% of RAP at 
low compaction temperature with ORRAP technique appears doable 

ORRAP technique in the off-season is not recommended as low 
temperatures are negative for compactability and potential binder re-
activation. It is also negative when applying a surface dressing  for 
protection. 

High requirements regarding longitudinal evenness cannot be met (like 
unbound gravel layers). 



Conclusions test section 
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The CH test section could be constructed successfully. The compaction effort 
(roller passings) was at least twice compared to a hot mix pavement.  

Compaction effort is comparable to conventional unbound gravel material. 

Keeping moisture content at reasonable level (slight water spraying, like with 
unbound gravel material) improves compactability 

Compaction of pavement edge (shoulder) is delicate; for activating lateral 
confinement, layers should be 30 to 50 cm wider than the traffic lane.  

Careful mechanical pre-treatment of RAP in the plant & before compaction 
(crushing & screening) is necessary for avoiding work interruptions from RAP 
chunks blocking the paver screed during field construction.  

Protection of the ORRAP layer  (e.g. surface course or surface dressing) is 
recommended.  
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Summary 

• Presentation of the French test site 
 

• Techniques used for the experiment 
 

• Work organisation 
 

• Tests 

 

 

 

 

 



Presentation of the French test site 

• Stakeholders 
• Contracting authority : Departmental Council of Bas-Rhin (CD 67) 

• Manager of RD 129 : CD67 (Southern Territorial Service / Barr 
Unit) 

• Contractor : Colas 

• Follow-up of the experimentation and external control of the 
sections in UGM and ORRAP technique : Cerema – Strasbourg 

• External inspection: Laboroutes 

• ORRAP project pilot: INSA 
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Presentation of the site 

• Test site : Sermersheim 

• 680 m section located 
on the eastern part of 
RD 129 
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Presentation of the site 

• Test site 

• About 4.50 m wide and located in the middle of 
exploited fields ; 

• Its cross profile is very slightly roof-shaped ; 

• The roadsides are usually level profile and sometimes 
slightly below the natural ground ; 

• In rainy weather, water stagnates on the roadsides. 

 

• Heavy Goods Vehicle (HGV) traffic is about 70 
HGVs/day. 
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Presentation of the site 

• Test site : long straight line, heterogeneous support, 
cracking and water stagnation, variable asphalt concrete 
thickness 
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Techniques used for the experiment 

• The pavement will be reinforced without milling to 
heighten its profile ; 

• A widening will be carried out to allow a good lateral 
anchoring and stabilise the roadsides ; 

• 3 sections of about 200 m each : 
• ORRAP technique in 12 cm ; 
• Unbound Mixture (UGM) technique in 15 cm ; 
• ORRAP technique in 15 cm. 

 

• No section has been selected for grave-emulsion 
(GE – aggregate with bitumen emulsion) which is not 
used in Alsace. 
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Techniques used for the experiment 

• Nature of the wearing course: 

• Early age : application of a single-layer surface 
dressing (ESU) for safety and environmental reasons : 
• Safety : adherence ; 

• Environmental : to comply with the French environmental 
guide, RAP, if they contain PAH, must be covered ; 

• After the summer : depending on the evolution 
observed, reinforcement with a BBM (4 cm asphalt 
concrete) or no intervention. 
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Work organisation 

• Implementation : 
• Date planned for the work : May 2019 (to ensure good 

climatic conditions for single-layer surface dressing) ; 

Finally, the work took place during the week of July 29 to 
August 2, 2019. 

• No milling of the existing structure. The substrate was 
thoroughly cleaned and swept ; 

• A surface dressing (sealer) was applied to the support 
before the 3 techniques were implemented, to stabilize 
the aggregates ; 

• An other surface dressing was applied directly after the 
Unbound Mixture (UGM) and the ORRAP technique to 
prevent water infiltration. 
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Beforehand, some test results… 

• ORRAP technique 
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Execution of the Work : UGM 

• The UGM was applied with a motor grader ; 
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• Compacted with a pneumatic com- 
pactor for the central part and  
mixed cylinder/tyres for the edges 

• A fine adjustment ("cutting")  
is carried out by the grader  
before final 
compaction  
(tyre + cylin- 
der) 



Execution of the Work : ORRAP technique 

• Asphalt aggregates were screened - at the exit of the 
truck : very good homogeneity, absence of "clods“ ; 
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• “Coarse” spreading by grader, 
then watering after application 

 • Mixed compactor (tyres /cylinder):  
used for the sides and then, at the 
end of compaction, for the entire profile. 

 



Execution of the Work : ORRAP technique 

• Final aspect of the asphalt aggregate (before sealer): 
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Test : Compactness 

• UGM 15 cm - (Average of 16 results : 2,227 Mg/m3) 
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ORRAP technique 12 cm 
(Average of 9 results : 1,883 Mg/m3) 

ORRAP technique 15 cm 
(Average of 13 results : 1,837 Mg/m3) 



Test : Curve after extraction of bitumen 
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Granulometry – after extraction 

Stock France β 

AE RD129

GNT-D129

Materials Water Content (%) Bitumen content (%) 

Stock β France 5,5 % 4,80 % 

RA RD129 9,2 % 5,27 % 

UGM RD129 7,0 % - 
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Test : APL 

• Zero point immediately after work – Right Side 
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Plate-loading Tests 
(French method) 

• Zero point immediately after work (August) 

Before sealer 
 (1st of August) 

After sealer 
(8th of August) 

ORRAP 12 cm EV2 = 92,5 MPa (average of 3) 
K = 1,88 

 

EV2 = 132,4 MPa (average of 5) 
K = 1,22 

 

UGM 15 cm EV2 = 130,4 MPa (average of 2) 
K = 1,22 

 

EV2 = 136,4 MPa (average of 5) 
K = 1,18 

 

ORRAP 15 cm EV2 = 98,2 MPa (average of 2) 
K = 1,92 

 

EV2 = 118,4 MPa (average of 5) 
K = 1,28 
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Test for determining ultimate bearing capacity of the 
ground and the likely settlement under a given load, 
on the 3 sections of the French test site 

1 d EV1 EV2 EV2/EV1

in MN/m2 in MN/m2

AA 12 cm 40 109 2,73

UGM 83 165 1,98

AA 15 cm 41 131 2,93

96 d EV1 EV2 EV2/EV1

in MN/m2 in MN/m2

AA 12 cm 130 185 1,42

UGM 102 168 1,65

AA 15 cm 124 192 1,55

Date of tests 
1-2 days after laying (1st, Aug) 3 months after laying (4th, Nov) 

Plate-loading Tests 
(German method) 
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Plate-loading Tests 
(French method) 

• After some rainy days… 

After sealer 
(8th of August) 

After 3 months 
(4th of November) 

ORRAP 12 cm EV2 = 132,4 MPa (average of 5) 
K = 1,22 

 

EV2 = 127,6 MPa (average of 5) 
K = 1,50 

 

UGM 15 cm EV2 = 136,4 MPa (average of 5) 
K = 1,18 

 

EV2 = 99,2 MPa (average of 5) 
K = 1,40 

 

ORRAP 15 cm EV2 = 118,4 MPa (average of 5) 
K = 1,28 

 

EV2 = 125,8 MPa (average of 5) 
K = 1,40 

 



Tests : Deflection 

• Campaigns realised in June & August 2020 
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Conclusions 

After a year and a half of operation under traffic : 

1. the pavement is behaving well; 

2. no surface deformation has been observed, and 
the BBM has not been applied. However, some 
small deformations and cracks on the edge are 
noted; 

3. the two sections in ORRAP technique do not 
differ from the section in conventional UGM ; 

4. the French test section will still be monitored for 
several years (with the Aigle 3D device). 



Thank you for your attention 

Hugues ODEON with the help of 

Arnaud FEESER – Cerema Est 

 

 

 
hugues.odeon@cerema.fr 

arnaud.feeser@cerema.fr 
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