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2. History

The Runway The Runway waswas builtbuilt in 1958in 1958

• 300 mm slab thickness without reinforcement

• 6.1m x 6.1m dimensions

• Macadam type material 300 mm of thickness

• 61m runway width including shoulders

• 2 940 m length

Major Major rehabilitationrehabilitation in 1983in 1983

• Replacement of fractured slabs

• 100 mm overlay using hot mix asphalt



2. Runway history

ObservedObserved degradationdegradation
• Thermal cracking 
• Reflective joints and cracks
• Delamination of the asphalt layer
• Alligator cracking 



2. Runway history

Runway Runway shouldersshoulders
degradationdegradation



2. Runway history

RepairRepair costcost sincesince 10 10 yearsyears

• Patch repairs (asphalt) 2003

• Reflective joints sealing

• Slab repairs (partial and full depth repairs)

• 750 000 $ spent between 2001 and 2003750 000 $ spent between 2001 and 2003

• Related problems: Instanteneous runway closing

• Very low PCI (pavement condition index)

• High risk of FOD (foreign object debris)

• Low PCN (pavement classification number)

• RECOMMANDATION: Major RECOMMANDATION: Major rehabilitationrehabilitation isis neededneeded



Project Project criteriascriterias

• Adjust the longitudinal slope

• Adjust the transversal slope (1 and 1.5% )

• Rehabilitation of the drainage system

• Normalize the electrical system

• Finish the rehabilitation in 22 weeks

• Maintain access for Bombardier and regional activities at all time

3. Technical analysis



TechnicalTechnical solutions solutions analysedanalysed

1. Take out the existing asphalt layer, repair fractured slab and put 
a new asphalt layer                             

2. Built a new rigid pavement on top of the existing composite 
pavement 

3. Take out the existing asphalt layer, rubblizing the concrete slab
and put a new asphalt layer

3. Technical analysis



1. 1. FracturedFractured slabslab replacement + replacement + asphaltasphalt layer on toplayer on top

• Cost ± 17 M$

• Higher profil, need to built new transition with all related TWY

• High risque to discover more than expected fractured slabs (cost) 

• Expected life before major rehabilitation 15 years

• Reflective joints not eliminated (5-8 ans)

3. Technical analysis



2. 2. RigidRigid pavement on top of the pavement on top of the existingexisting composite pavementcomposite pavement

• Cost ± 17 M$

• Higher profil, TWY transitions adjustement

• Better surface drainage of the RWY strips

• Slab size identical to the existing slabs

• Better friction index at the opening

• Life: 20 years

3. Technical analysis



3. 3. RubblzingRubblzing + + asphaltasphalt layerlayer

• Cost estimate : ± 20 M$

• Tested in 2001 on TWY A3 (similar pavement structure)

• High risk of pavement failure during rubblization activities

• Non-uniform resilient modulus of fractured slabs

• Similar longitudinal profil

• Specialized contractor (2 known in USA)

• Life : 15 years

3. Technical analysis



RigidRigid pavement on top of the pavement on top of the existingexisting composite pavementcomposite pavement

4. Retained solution



5. Final Optimization

OptimizationOptimization of the of the rigidrigid pavement solutionpavement solution

• Centerline and exit section built with 4.5 MPa flexural strength
concrete

• Sections outside the centerline built with 3.5 Mpa flexural strength
concrete

• Hot poured sealant for the joints

• Transversal slopes of:

1.1% for the centerline section and 1.29% for all other sections

• Slab minimum thickness of 300 mm

• Rebuilt the TDZ at the 06R with 380 mm slab thickness. 



5. Final Optimization



6. Construction site

First First StepStep :                              :                              

• Site preparation

• Concrete plant installation

• Demolition of the TDZ of the 06R (256 m)

• Build temporary roads to get access to the RWY



6. Construction site

ConcreteConcrete plant plant installedinstalled on siteon site



6. Construction site

06R TDZ 06R TDZ demolitiondemolition (256 m) (256 m) 



6. Construction site

Start of Start of concretingconcreting activitiesactivities :     :     

• Paving machine type GUNTER that can pave at least 6 m of slab
width

• Dowels for load transfer at longitudinal joints

• Micro texturing using the astro-turf carpet (longitudinal direction)

• Macro texturing (grooving in fresh concrete) transversal direction

• Slab of 6m x 6m. Juxtaposed on top of the existing slab



6. Construction site

PhasingPhasing for for allowingallowing aircraftaircraft movementsmovements



Phase 1    Phase 1    

6. Construction site



6. Construction site

PhasingPhasing for for allowingallowing aircraftaircraft movementsmovements



6. Construction site

Phase 2    Phase 2    



6. Construction site

PhasingPhasing for for allowingallowing aircraftaircraft movementsmovements



6. Construction site

Phase 3   Phase 3   



6. Construction site

GunterGunter pavingpaving machine machine 



6. Construction site

Macro and Micro Macro and Micro texturingtexturing



6. Construction site

DowelsDowels installation installation duringduring pavingpaving



6. Construction site

ShouldersShoulders pavingpaving ( 1.2 m) ( 1.2 m) 



6. Construction site

PavingPaving the transitions the transitions withwith the TWY the TWY 



6. Construction site

RETWY RETWY pavingpaving



6. Construction site

Water Water testingtesting for for slopeslope verificationverification



6. Construction site

Joint  Joint  sealingsealing activitiesactivities



6. Construction site

Drainage  Drainage  workwork :                              :                              



6. Construction site

Drainage problemsDrainage problems



6. Construction site

DeficienciesDeficiencies correction:  correction:  

• Cracks on the surface of the slabs

• Slabs affected by rain

• Joint Spalling

• Slopes and water ponds



6. Construction site

Macro/Micro Macro/Micro texturingtexturing of of 
the the slabslab a surface a surface affectedaffected

by by rainrain

GrindingGrinding the surface + the surface + 
addingadding new new groovesgrooves



6. Construction site

DeficencyDeficency causedcaused
by by uncleaneduncleaned
concreteconcrete trucktruck



6. Construction site

DepressionDepression atat the longitudinal jointthe longitudinal joint



6. Construction site

SpallSpall atat the jointthe joint



7. Miscellaneous

• Marking

• Landscaping



MarkingMarking

7. Miscellaneous



CriticalCritical moment for moment for 
concreteconcrete casting    casting    

7.Miscellaneous



CriticalCritical moment for the moment for the workersworkers
duringduring thresholdthreshold relocation    relocation    

7.Miscellaneous



CriticalCritical moment moment causedcaused by by workersworkers

7.Miscellaneous



Final result



Final result



Statistics

• Concrete : 63 000 m3
• Asphalt : 15 000 t
• Sewers : 1000 m
• Top soil : 25 000 m3
• Granular material : 20 000 tons



Thank you for your attention

Questions ?
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REHABILITATION PROJECT OF THE 06LREHABILITATION PROJECT OF THE 06L--24R RUNWAY 24R RUNWAY 
AND HOLDING BAYS, MONTRAND HOLDING BAYS, MONTRÉÉALAL--TRUDEAUTRUDEAU



REHABILITATION PROJECT OF THE 06LREHABILITATION PROJECT OF THE 06L--24R RUNWAY 24R RUNWAY 
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±±1,5 m 1,5 m deepdeepWATER TABLEWATER TABLE

Till/Till/clayclayNATURAL LANDNATURAL LAND

1200 m1200 m SIDE 24r : SIDE 24r : bituminiousbituminious
concrete/concreteconcrete/concrete
slab/macadamslab/macadam
2153 m2153 m SIDE 06l :  SIDE 06l :  bituminiousbituminious
concrete/macadamconcrete/macadam

STURCTURAL COMPOSITIONSTURCTURAL COMPOSITION

62 m62 mWIDTHWIDTH

3353 m3353 mLENGTHLENGTH

1951, 1960, 1962, 1970, 19821951, 1960, 1962, 1970, 1982REHABILITATION/ EXTENSIONREHABILITATION/ EXTENSION

19411941CONSTRUCTIONCONSTRUCTION

PHYSICAL CHARACTERISTICS OF THE 06L-24R RUNWAY

PHYSICAL CHARACTERISTICS OF THE HOLDING BAYS

300mm concrete slab,  6 m X 6 m without 300mm concrete slab,  6 m X 6 m without 
dowellsdowells over macadamover macadam

STRUCTURAL COMPOSITIONSTRUCTURAL COMPOSITION

1960, 19701960, 1970CONSTRUCTIONCONSTRUCTION
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STATE OF THE CURRENT INSTALLATIONS

•• index of surface condition (PCI) < 70 by areaindex of surface condition (PCI) < 70 by areaCIVILCIVIL

•• high risk of FOD high risk of FOD 

•• PCN index > ACN index (track, bay 06)PCN index > ACN index (track, bay 06)

•• PCN index <  ACN index (bay 24)PCN index <  ACN index (bay 24)

•• transverse transverse slopeslope< 1< 1 %%

•• poor drainage of adjacent surfacespoor drainage of adjacent surfaces

•• somesome cloggedclogged culvertsculverts

•• CategoryCategory 2 runway2 runway

•• Old electrical wiring imbedded in asphalt concreteOld electrical wiring imbedded in asphalt concreteELECTRICALELECTRICAL

•• Primary and secondary cables in ground, not Primary and secondary cables in ground, not 
protectedprotected
•• Insulation resistance of the distribution cables  Insulation resistance of the distribution cables  

<< 66 MOhmsMOhms

•• Old and damage embedded lighting podsOld and damage embedded lighting pods
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SCOPE OF WORK

••Rehabilitation of the runway surface courseRehabilitation of the runway surface course

••Rehabilitation and reinforcement of the concrete holding bays Rehabilitation and reinforcement of the concrete holding bays 

••Rehabilitation of the drainage worksRehabilitation of the drainage works

••Correction of the adjacent landscapingCorrection of the adjacent landscaping

••MarkingMarking

••Reconstruction of the electrical systemReconstruction of the electrical system

••Reconstruction of the  lightning systemReconstruction of the  lightning system
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REHABILITATION OPTION OF THE TRACK

••The shortest possible construction schedule The shortest possible construction schedule GOALSGOALS

••A minimum investment cost for a better lifespanA minimum investment cost for a better lifespan

••A design that helps and reduces maintenance costsA design that helps and reduces maintenance costs

••The The traffictraffic characteristicscharacteristics

••The actual and predicted use o the runway The actual and predicted use o the runway 

••Protection of the Protection of the environnementenvironnement and recycling of  and recycling of  
materials    materials    
on placeon place

••Resurfacing with asphalt concreteResurfacing with asphalt concrete : 10 years: 10 years ;;
work over a 7 week spanwork over a 7 week span ; construction cost; construction cost :                    :                    
±±6,66,6 M$ (1997$)M$ (1997$)

OPTIONSOPTIONS
(Stage planning)(Stage planning)

••New coating with asphalt concrete on a stabilized New coating with asphalt concrete on a stabilized 
based    based    
foundationfoundation ; +/; +/--20 years20 years ; works over an 11 week ; works over an 11 week 

spanspan ;  ;  
construction costconstruction cost :  :  ±±8,18,1 M$ (1997$)M$ (1997$)••New coating with cement concreteNew coating with cement concrete ; +/; +/--2525 yearsyears ; ; 

works works 
over a 15 week spanover a 15 week span ; construction cost; construction cost : : ±±12,912,9 M$M$
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SELECTED OPTION (CIVIL)

•• New pavement with 125mm asphalt concreteNew pavement with 125mm asphalt concreteRUNWAYRUNWAY

•• Stabilized base 200 mm with existing materials Stabilized base 200 mm with existing materials 
•• (75(75 % cement concrete, 25% cement concrete, 25 % asphalt concrete) % asphalt concrete) 

in the central section of 30min the central section of 30m ;;
•• ShoulderShoulder :  crushed stone 0:  crushed stone 0--40 mm40 mm

•• Stabilization with 2,8Stabilization with 2,8--3,03,0 % of added bitumen % of added bitumen 
and 1,2and 1,2--1,51,5 % cement% cement

•• midland batching plant on sitemidland batching plant on site

•• samesame geometrygeometry

•• New concrete pavement, 380New concrete pavement, 380 mm, 6mmm, 6m XX 6m with 6m with 
dowelsdowels

HOLDING BAYHOLDING BAY

In both cases, the existing granular base 0 - 50 mm (macadam) is preserved.
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SELECTED OPTION (ELECTRICAL)

••SYSTEM REQUIREMENTS FOR SAME LIGHTNING INSTALLATIONS SYSTEM REQUIREMENTS FOR SAME LIGHTNING INSTALLATIONS 

••INSTALLATION OF THE TRANSFORMERS UNDER EMBEDDED LIGHTS IN PODSINSTALLATION OF THE TRANSFORMERS UNDER EMBEDDED LIGHTS IN PODS

••ELECTRICAL WIRING INSTALLED IN CONCRETE DUCTS UNDER THE STABILIZELECTRICAL WIRING INSTALLED IN CONCRETE DUCTS UNDER THE STABILIZED BASEED BASE
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F IG U R E  2 a :  c o u p e  ty p iq u e  p is te  0 6 G -2 4 D  ( s u r  1 2 0 0 m  à  p a rt ir  d u  s e u i l 2 4 D )

6 0  m

3 0 0  m m  d a l le  b é to n  c i m e n t

6 0 0  m m  m a c a d a m

C r ib lu re

1 m

m a x .

1 5  m 3 0  m 1 5  m

E X I S T A N T

1 0 0  @  3 0 0  m m   fo n d a t io n         
g r a n u la ir e  4 0 -0  m m       

6 0 0  m m  m a c a d a m

C r ib lu re

P R O P O S É
N o u v e a u  r e v ê te m e n t f le x ib le  a v e c  b a s e  s ta b il is é e

p e n te  0 ,8  %
p e n te  1 ,8 7  %

p e n te  1 ,0  @  1 ,5  %

B a se  s ta b il i sé e  2 0 0  m m

6 2  m

1 6  m 3 0  m 1 6  m

T ra n c hé e  d ra i n a n te

D r a in  p e r fo ré

B é to n  b i t u m i ne u x

B é to n  b i t u m i n e u x
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FIGURE 2b: coupe typique piste 06G-24D, ( sur 2153 m à partir du seuil 06G )

EXISTANT

60 m

600 @ 900 mm macadam

Criblure

1m.

max.

15 m 30 m 15 m

600 @ 900 mm macadam

Criblure

pente 0,26 @ 1,2 %

pente 1,73 @ 2,13 %

100 @ 200 mm fondation 

Base stabilisée 200 mm

PROPOSÉ
Nouveau revêtement flexible avec base stabilisée

62 m

16 m 30 m 16 m

.

Tranchée drainante

Drain perforé

Béton bitumineux

Béton bitumineux



REHABILITATION PROJECT OF THE 06LREHABILITATION PROJECT OF THE 06L--24R RUNWAY 24R RUNWAY 
AND HOLDING BAYS, MONTRAND HOLDING BAYS, MONTRÉÉALAL--TRUDEAUTRUDEAU

WORK PROCEDURES

•• Trust Trust worthynessworthyness

•• ImprovedImproved energyenergy((contractorcontractor, consultants, ADM), consultants, ADM)

•• Common Common comprehensioncomprehensionPartneringPartnering

•• phase III (4 weeks), intersection runway phase III (4 weeks), intersection runway 
1010--28 with 06l28 with 06l--24r on 600m, displaced 24r on 600m, displaced 
threshold runway 06lthreshold runway 06l

•• 1998 phase II (5 weeks), holding bay, 06l 1998 phase II (5 weeks), holding bay, 06l 
and runway on 1400mand runway on 1400m

•• 1997 phase I (5 weeks), holding bay 24r 1997 phase I (5 weeks), holding bay 24r 
and track on 1300mand track on 1300m

WorkWork realizationrealization / in 3 / in 3 stepssteps

•• Preserve the integrity of the existing Preserve the integrity of the existing 
macadam (0macadam (0--22’’’’ granular base)granular base)

•• AsphaltAsphalt concreteconcrete :  cold :  cold millingmilling ((±±150 mm)150 mm)

•• ConcreteConcrete cementcement :  percussion :  percussion Demolition and removal of Demolition and removal of 
materialsmaterials

•• Crushing and screening of the asphalt Crushing and screening of the asphalt 
concreteconcrete

•• Crushing of the concrete pavementCrushing of the concrete pavementCrushingCrushing
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•• StockpillingStockpilling and protection of the crushed and protection of the crushed 
material (control of the water content)material (control of the water content)

•• CbrCbr ±±7575 % % ((refref. table 4). table 4)

•• Combination 75Combination 75 % cc/25% cc/25 % ac % ac (ref. table (ref. table 
2)2)
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TABLE 1
Average seive analysis results of crushed materials to be recycled in the stabilized base

2 2 -- 883,13,10,40,45,25,20,080,08

9 9 -- 1717992212120,3150,315

19 19 -- 38382121151525251,251,25

35 35 -- 606044444848474755

68 68 -- 93938383939385851414

100100100100100100100100SeiveSeive (mm)(mm) 2828

RequirementsRequirementsCombined Combined 
MaterialsMaterials

(75(75 % cc and % cc and 
2525 %% ac) ac) 

Crushed asphalt Crushed asphalt 
concrete*concrete*

(ac) (ac) 

Crushed Crushed 
concrete concrete 

cement (cc) cement (cc) 

SeiveSeive

*crushed and screened
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% of Test Mixtures% of Test Mixtures

75 BC 75 BC 
**

25 EB25 EB

55 BC 55 BC 
****

45 EB45 EB

65 BC 65 BC 
****

35 EB35 EB

75 BC 75 BC 
****

25 EB25 EB

65 BC 65 BC 
****

25 EB25 EB
10 CP10 CP

TestsTests

TABLE 2
Test result CBR on mixtures of concrete cement (BC), crushed asphalt concrete (EB) with or 
without stone screening 0-6 mm (CP)
(56 hits/layer, 96 hours of immersion)

9,19,18,98,99,89,89,49,49,39,3HumidityHumidity, %, %

2018201819461946193419341964196419301930DensityDensity, kg/m , kg/m 
cubecube

0,030,030,390,39--0,060,060,180,180,190,19Expansion, %Expansion, %

757534,934,947,147,164,964,9108,9108,9CBR, 0,2 CBR, 0,2 popo, %, %

555525,825,842,242,247,747,793,393,3CBR 0,1 CBR 0,1 popo, %, %

*  Crushed samples on site by the contractor
** Crushed samples in the lab
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CutbackCutback rmrm--20 (20 (granulargranular))

Emulsion cssEmulsion css--1 diluted (stabilized base)1 diluted (stabilized base)

TackTack coatcoat

Preserve the integrity of the macadamPreserve the integrity of the macadam

Reshaping, resurfacing and compaction Reshaping, resurfacing and compaction 
(ref. table 3)(ref. table 3)

Granular baseGranular base

WORK PROCEDURES

QualityQuality control control ((refref. table 5). table 5)

Optimisation of Optimisation of aggregateaggregate coatingcoating

Water content control Water content control 

SegregationSegregation controlcontrol

Mixing at the midland plant:Mixing at the midland plant:

1,21,2--1,51,5 % % cementcement (r(rééf. tableau 4)f. tableau 4)

2,82,8--3,03,0 % (emulsion css% (emulsion css--1) residual asphalt 1) residual asphalt 
contentcontent

EmulsionEmulsion of ciment proportionsof ciment proportions ::

Mix of crushed materials Mix of crushed materials 
7575 %% bc/25bc/25 %% bbbb

Stabilized baseStabilized base
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TABLE 3 
Average caracteristics of the existing granular foundations (0 - 40)

12 %12 %< 20< 20MgSOMgSO44

115115< 200< 200PetrographicPetrographic numbernumber

100 %100 %100 %100 %100%100%Fragmentation pourcentageFragmentation pourcentage

0,090,09 %%< 0,8< 0,8OrganicOrganic materialsmaterials

2020 %%< 33< 33MicroMicro--DevalDeval (grade B)(grade B)

30 %30 %< 50< 50Los Angeles (grade A)Los Angeles (grade A)

3,43,43,83,8< 3,0< 3,00,020,02

4,84,86,36,33 3 -- 770,0750,075

1111121210 10 -- 30300,4250,425

2727333330 30 -- 50504,754,75

3434464640 40 -- 65659,59,5

4545707050 50 -- 75751919

8282959570 70 -- 10010037,537,5

9898100100100100Tamis (mm)Tamis (mm) 5050

MacadamMacadam
* * 

CrushedCrushed stones * 40 stones * 40 -- 0 mm 0 mm SpecificationsSpecificationsGradation and Gradation and physicalphysical
propertiesproperties

* Samples taken after final compaction
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TABLE 4
Technical requirements for a stabilized base

6,06,0+ 0 %, + 0 %, -- 1 %1 %Water optimum  Water optimum  

1,2 1,2 -- 1,5**1,5**1,5 maximum1,5 maximumCementCement %%

2,0022,002Marshall Marshall densitydensity, kg/cm, kg/cm³³

909090 minimum90 minimumCoatingCoating, %, %

92,292,280 minimum80 minimumSelectedSelected stabilitystability, %, %

1,551,551,0 minimum1,0 minimumBearing capacity, Bearing capacity, MPaMPa according to Metcalfaccording to Metcalf

3,73,722--44Flow, mmFlow, mm

13 88013 88010 000 minimum10 000 minimumMarshall Marshall stabilitystability, N, N

2,8 *2,8 *3,00 minimum3,00 minimumAddedAdded asphaltasphalt content %content %

4,84,82 2 –– 880,0800,080

10109 9 –– 17170,3150,315

242419 19 –– 38381,251,25

474735 35 –– 606055

818168 68 –– 93931414

1001001001002828

FormulaFormulaRequirementsRequirementsGradationGradation

* After the first trial sections, asphalt content was adjusted at 2,8 %
**1,2 % cement for phase I raised to 1.5% for phases II and III
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TABLE 5
Result compilation – Stabilized base

8,38,37,17,16,06,0Water optimum Water optimum 

2,0002,0002,0022,0022,0022,002Marshall Marshall densitydensity, kg/cm, kg/cm³³

8888888890,090,090 minimum90 minimumCoatingCoating %%

83,183,189,189,192,292,280 minimum80 minimumSelectedSelected stabilitystability, %, %

1,331,331,431,431,551,55>1,0>1,0Bearing capacity, Bearing capacity, MPaMPa according to Metcalfaccording to Metcalf

3,43,43,33,33,73,72 2 -- 44Flow, mmFlow, mm

10752107521117011170138801388010000 minimum10000 minimumMarshall Marshall stabilitystability, N, N

2,992,992,872,872,82,83,0 minimum3,0 minimumAddedAdded bitumenbitumen content content 

4,384,384,004,004,154,15Content of Content of residualresidual bitumenbitumen

2,82,83,63,64,84,82 2 –– 880,0800,080

999910109 9 –– 17170,3150,315

21212121242419 19 –– 38381,251,25

44444242474735 35 –– 606055

84847878818168 68 –– 93931414

100100100100100100100100SievesSieves (mm)(mm) 2828

Phases II Phases II --
IIIIII

AverageAverage valuevalue

Phase IPhase I
AverageAverage valuevalue

FormulaFormulaSpecifiationsSpecifiationsGradation and Gradation and 
PhysicalPhysical propertiesproperties

Note : Emulsion CSS-1
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WORK PROCEDURES (continuation)

Plate testing for modules, e Plate testing for modules, e >> 1,000 1,000 MPaMPa àà
10 10 hzhz

CuringCuring (3 to 5 (3 to 5 daysdays))

CompactionCompaction

Bin truck, mechanical ram and graderBin truck, mechanical ram and grader

LevellingLevelling referencingreferencing markmark

InstallationInstallation

WeatherWeather conditionsconditions (table 6)(table 6)

Water content of the mixtureWater content of the mixture

Pourcentage of Pourcentage of addedadded cementcement

CuringCuring timetime

Trial sectionTrial sectionStabilizedStabilized basebase
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Curing, daysCuring, daysResultsResults

Four to five Four to five daysdaysOne to One to threethree daysdays

TABLE 6
Module (10 Hz) and deflexion versus curing (phase I)
loading plate testing, 300 kPa pressure-
Stabilized base placed in a single layer 200 mm

0,140,140,150,15DeflexionDeflexion 22
in mm/5 minutesin mm/5 minutes

0,310,310,420,42DeflexionDeflexion 1 1 
in mm/5 minutesin mm/5 minutes

2940294024292429Maximum module, Maximum module, MPaMPa

609609323323Minimal module, Minimal module, MPaMPa

12801280890890AverageAverage module, module, MPaMPa

24241818AverageAverage temperaturetemperature °°CC

18183333NumberNumber of testsof tests



REHABILITATION PROJECT OF THE 06LREHABILITATION PROJECT OF THE 06L--24R RUNWAY 24R RUNWAY 
AND HOLDING BAYS, MONTRAND HOLDING BAYS, MONTRÉÉALAL--TRUDEAUTRUDEAU

Duration of the cure, daysDuration of the cure, daysResultsResults

Four to five Four to five daysdaysOne to One to threethree daysdays

TABLE 7
Module (10 Hz) and deflection versus curing (phases II and III) - Load plate testing, pressure of 
300 kPa -
Stabilized base placed in a single layer of 100 mm of thickness

0,120,120,120,12DeflectionDeflection 22
in mm/5 minutesin mm/5 minutes

0,270,270,270,27DeflectionDeflection 1 1 
in mm/5 minutesin mm/5 minutes

2572257223812381Maximum module, Maximum module, MPaMPa

689689407407Minimal module, Minimal module, MPaMPa

1460146011201120AverageAverage module, module, MPaMPa

22222525AverageAverage temperaturetemperature °°CC

373799NumberNumber of testsof tests
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WORK PROCEDURES (continuation)

Tests au Tests au ddééflectomflectomèètretre lourd (lourd (hfwdhfwd))

DCP tests and DCP tests and poinpoinççonon CBRCBR

Essais de plaque (french Essais de plaque (french methodmethod))Verification of the bearing capacity Verification of the bearing capacity 
(Table(Table 9)9)

Verification of the compaction by  Verification of the compaction by  
nuclnuclééodensimodensimèètretre et et carottagecarottage

Control on the joints overlappingControl on the joints overlapping

ConventionalConventional InstallationInstallation

SurfaceSurface :  5,6:  5,6 % min.% min.

BaseBase :  4,8:  4,8 % min.% min.

BitumenBitumen pourcentagepourcentage(Table 8)(Table 8)

Bitumen 120Bitumen 120--150 (pg150 (pg 5858--28) phase I et II 28) phase I et II 
and bitumen and bitumen polympolymèèrere (pg(pg 5858--34) phase 34) phase 
IIIIII

BituminousBituminous concreteconcrete



REHABILITATION PROJECT OF THE 06LREHABILITATION PROJECT OF THE 06L--24R RUNWAY 24R RUNWAY 
AND HOLDING BAYS, MONTRAND HOLDING BAYS, MONTRÉÉALAL--TRUDEAUTRUDEAU

TABLE 8
Technical requirements of asphalt mixtures

75% min.75% min.75% min.75% min.Stability after immersion Stability after immersion 

120120--150150120120--150150AsphaltAsphalt grade*grade*

2 2 –– 442 2 –– 44Flow, mmFlow, mm

9000 minimum9000 minimum9000 minimum9000 minimumStabilityStability Marshall, NMarshall, N

15151313VMAVMA

2 2 –– 442 2 –– 44VoidsVoids %%

5,6 minimum5,6 minimum4,8 minimum4,8 minimumAsphaltAsphalt content %content %

3 3 –– 883 3 –– 880,0750,075

5 5 –– 20205 5 –– 20200,1800,180

15 15 –– 303015 15 –– 30300,4250,425

35 35 –– 555530 30 –– 50502,002,00

55 55 –– 757540 40 –– 65654,754,75

10010070 70 –– 858512,512,5

1001002525

RequirementsRequirements
Surface layerSurface layer

RequirementsRequirements
Base layerBase layer

SeivesSeives
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TABLE 9
Bearing tests on site

AsphaltAsphalt pavement surfacepavement surfaceHeavy falling Heavy falling wrightwright deflectometerdeflectometer
(HFWD)(HFWD)

(ASTM(ASTM--D4694)D4694)

Asphalt pavement surfaceAsphalt pavement surface150 mm150 mm
1379 1379 kPakPa

5092 5092 kPakPa maximummaximum

DeflectionDeflection and and reboundrebound

AsphaltAsphalt pavement base layer pavement base layer 450 mm450 mm
628,7 et 301,8 628,7 et 301,8 kPakPa

DeflectionDeflection and and reboundrebound

Stabilized base at different Stabilized base at different 
degrees ofdegrees of

curingcuring

450 mm450 mm
300 300 kPakPa

Deflection and reboundDeflection and rebound

Stabilized base at different Stabilized base at different 
degrees ofdegrees of

curingcuring

450 mm450 mm
300 300 kPakPa

StaticStatic plate plate loadload testtest

Granular base foundationGranular base foundation450 mm450 mm
300 300 kPakPa

Static plate load testStatic plate load test

SurfaceSurface’’ss stabilizedstabilized basebaseDCP test on site DCP test on site 
Australian standard Australian standard 

SurfaceSurface’’ss stabilizedstabilized basebaseCBR test on the surfaceCBR test on the surface
ASTM DASTM D--4429 4429 

Test locationTest locationPlate diameter and Plate diameter and 
pressurepressure

TestingTesting and test standardsand test standards

(1) Static plate load tests, operation mode CT-2 central lab of the bridges and pavements, Dunod, Paris, 1973
Drawn from the LVM Tech report, December 1998
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WORK PROCEDURES (continuation)

Joint Joint sealingsealing withwith vulkemvulkem 202202

Humid curing and chemical curing productHumid curing and chemical curing product

Pouring concrete with concrete mixer and Pouring concrete with concrete mixer and 
fixed fixed fromworkfromwork

FlexuralFlexural strenghstrengh 5 5 MPaMPa minimumminimum

CementCement type 20, u/c max.type 20, u/c max. : 0,40: 0,40

New slab of 380 mm with dowelNew slab of 380 mm with dowelPortland Portland cementcement concreteconcrete (table 11)(table 11)

BaseBase : e : e hfwdhfwd shoulder shoulder ≈≈ stabilized base (at stabilized base (at 
the beginning).the beginning).

BaseBase : e : e hfwdhfwd grows with time, 25grows with time, 25 % in 3 % in 3 
monthsmonths ; 60; 60 % in 10% in 10 monthsmonths ; 136; 136 % in 23 % in 23 
monthsmonths

BaseBase : e plate : e plate ≈≈ e e hfwdhfwd, 1000 , 1000 àà 1100 1100 MPaMPa
(short term)(short term) ;;

GranularGranular :  e :  e plateplate ≈≈ e e hfwdhfwd, , ±± 250 250 àà 280 280 
MPaMPa ;;

Comparison of the resilient modules E Comparison of the resilient modules E 
(table 10)(table 10)

Bearing capacity verificationBearing capacity verification
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TABLE 10
Structural parameters of the pavement, phase I
Runway 06L-24R, Dorval

320 MPa320 MPa340 MPa340 MPa280 MPa280 MPa270 MPa270 MPa250 MPa250 MPa110 MPa110 MPa----------groundground subsub
basebase

380 MPa380 MPa350 MPa350 MPa300 MPa300 MPa280 MPa280 MPa250 MPa250 MPa310 MPa310 MPa600 mm600 mmgranulargranular
base base 

2600 MPa2600 MPa1750 MPa1750 MPa1400 MPa1400 MPa1100 MPa1100 MPa10001000--1280 1280 
MPaMPa

1034 MPa1034 MPa200 mm200 mmstabilizedstabilized
base base 

1400 MPa1400 MPa1400 MPa1400 MPa1400 MPa1400 MPa1400 MPa1400 MPa--------------1380 MPa1380 MPa125 mm125 mmbituminiousbituminious
concreteconcrete

elasticityelasticity
modules modules 
±±25 25 °°CC

elasticityelasticity
modulesmodules
±±25 25 °°CC

elasticityelasticity
modules modules 
±±25 25 °°CC

ElasticityElasticity
modules modules 
±±25 25 °°CC

elasticityelasticity
modules modules 
±±25 25 °°CC

elasticityelasticity
modules  modules  
((àà 25 25 °°C)C)

tests HFWD tests HFWD 
(Mai 00)(Mai 00)

tests tests 
HFWHFW
D D 

(Mai 99)(Mai 99)

tests tests 
HFWHFW
D D 

(sept. 98)(sept. 98)

tests tests 
HFWHFW
D D 

((julyjuly 98)98)

(constructio(constructio
n)n)

DesignDesign
parameteparamete

rsrs

thicknesthicknes
ss

StructurStructur
al al layerslayers

STATIC LOAD PLATE TEST  STATIC LOAD PLATE TEST  
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TABLE 11
Technical specifications for the cement concrete mixture

InferiorInferior to 230 to 230 µµmmSpacingSpacing factorfactor

26 26 °°C maximumC maximumConcreteConcrete temperaturetemperature

3,5 3,5 MPaMPa minimumminimum
5 5 MPaMPa minimumminimum

FlexuralFlexural strenghtstrenght
7 7 daysdays
28 28 daysdays** ** 

60 60 àà 100 mm100 mmSlumpSlump **

5 to 75 to 7 %%air contentair content

SPECIFICATIONS SPECIFICATIONS PHYSICAL PROPERTIESPHYSICAL PROPERTIES

* Pouring concrete with fixed formworks
** Average value of two samples

NOTE : cement type 20, W/C max. ratio 0,40
aggregates 100 % crushed, 28-5 mm.
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PRELIMINARY CONCLUSIONS FOR STABILIZED BASE (WINNING CONDITIONS)

FollowFollow--up and performance check for runways 06lup and performance check for runways 06l--24r in 20m24r in 20m

Time of the year as weather is importantTime of the year as weather is important

Multiple Multiple levelingleveling referencesreferences

A proper spreading and compaction of materialsA proper spreading and compaction of materials

Good Good batchingbatching plantplant

An optimized An optimized proportuningproportuning of of constituanceconstituance and water content as welland water content as well

An experienced and organized contractorAn experienced and organized contractor

A quality control A quality control thightenedthightened at the manufacturing and during the installationat the manufacturing and during the installation

An enforces quality control during the manufacturing and construAn enforces quality control during the manufacturing and constructionction




