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Pavement structure design: Pavement structure design: 
traditional approach traditional approach 

S l t thi k f i l h th tS l t thi k f i l h th t•• Select thickness of covering layers such that  Select thickness of covering layers such that  
stresses in subgrade are reduced to such an stresses in subgrade are reduced to such an 
extent that subgrade deformations are limited. extent that subgrade deformations are limited. 

•• Select materials for covering layers such that no Select materials for covering layers such that no 
excessive deformation takes place there.excessive deformation takes place there.

•• Designs were based on limiting shear stresses Designs were based on limiting shear stresses 
in unbound layers.in unbound layers.
Thin s facings e e sed to p o ideThin s facings e e sed to p o ide•• Thin surfacings were used to provide Thin surfacings were used to provide 
smoothness for driving comfort.smoothness for driving comfort.
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Empirical design chartsEmpirical design charts allowed to determine allowed to determine 
thi k d CBR f l b d thi k h ltthi k d CBR f l b d thi k h ltthickness and CBR of granular base and thickness asphalt thickness and CBR of granular base and thickness asphalt 
layer given CBRlayer given CBRsubgradesubgrade

log CBRlog CBRlog CBRlog CBRsubgradesubgrade

minimumminimum
asphaltasphalt

increasing amount of trafficincreasing amount of traffic

thickness =thickness =
50 mm50 mm

increasing amount of trafficincreasing amount of traffictotaltotal
pavementpavement
thicknessthickness
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Modern flexible pavement structures Modern flexible pavement structures 
are much thicker and quite diverse …are much thicker and quite diverse …

South AfricaSouth Africa the Netherlandsthe NetherlandsSouth AfricaSouth Africa the Netherlandsthe Netherlands

5 cm asphalt concrete (4%)                                5 cm porous asphalt concrete (>20%)5 cm asphalt concrete (4%)                                5 cm porous asphalt concrete (>20%)

15 cm high quality crushed stone                       20 cm aspahlt concrete (6%)     15 cm high quality crushed stone                       20 cm aspahlt concrete (6%)     

25 cm cement treated subbase                          30 cm unbound base of recycled material25 cm cement treated subbase                          30 cm unbound base of recycled material

CBR CBR ≥≥ 15%                                                            CBR 15%                                                            CBR ≈≈ 10%10%
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Pavement Systems in use strongly related 
t t /l l it ti l thto country/local situation: example the 
Netherlands

• paved area consists for 30% - 35% of 
small element pavementssmall element pavements

• within built-up areas share of small 
element pavements is even much largerp g
(≈ 55%)
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Pavement systems in the Netherlands

the Netherlands 2007 Municipalities in the Netherlands 2007

0 27
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24.98 1.43

small elements asphalt concrete
asphalt concrete concrete blocks
concrete tiles clay bricks stone sets
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Manual paving: typical Dutch
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Durable and Sustainable Pavement Durable and Sustainable Pavement 
systemssystems

Pavement systems that provide the highestPavement systems that provide the highest
service to the road user with the lowest possibleservice to the road user with the lowest possibleservice to the road user with the lowest possibleservice to the road user with the lowest possible

environmental impact.environmental impact.
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Highest Service to the Road UserHighest Service to the Road User
(d fi i i d i h N h l d )(d fi i i d i h N h l d )(definition as used in the Netherlands)(definition as used in the Netherlands)

L hi d ffi d i iL hi d ffi d i i•• Lowest hinder to traffic during construction.Lowest hinder to traffic during construction.
•• Lowest hinder to traffic during exploitation.Lowest hinder to traffic during exploitation.
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Lowest Environmental ImpactLowest Environmental Impact

N i f fi dN i f fi d•• Noise, fumes, fine dust, energy.Noise, fumes, fine dust, energy.
•• Life Cycle Analysis is required.Life Cycle Analysis is required.
•• Not only the environmental impact of e g theNot only the environmental impact of e g the•• Not only the environmental impact of e.g. the Not only the environmental impact of e.g. the 

production of asphalt should be considered but production of asphalt should be considered but 
also the impact of the production of aggregates, also the impact of the production of aggregates, 
modifiers etc should be taken into account.modifiers etc should be taken into account.

February 12, 2010 12



Sustainable Pavement systems Sustainable Pavement systems 

Wh d i f d kWh d i f d k•• What do we require from our road network.What do we require from our road network.
•• Overview of pollution (noise, fumes) and energy Overview of pollution (noise, fumes) and energy 

demands related to pavement systems anddemands related to pavement systems anddemands related to pavement systems and demands related to pavement systems and 
construction.construction.

•• Options to reduce pollution and energy needs.Options to reduce pollution and energy needs.
•• Topics for today and the future.Topics for today and the future.
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Requirements of Road NetworksRequirements of Road Networks

Maximize availability of networkMaximize availability of network•• Maximize availability of network. Maximize availability of network. 
•• Maximize reliability of network in terms of:Maximize reliability of network in terms of:

-- travel timestravel times
-- comfortcomfort
-- safetysafety
M i i f di bili fM i i f di bili f•• Maximize performance predictability of Maximize performance predictability of 
network.network.
-- increase average quality resulting in longerincrease average quality resulting in longerg q y g gg q y g g
average pavement life,average pavement life,

-- reduce variability in quality.reduce variability in quality.
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Longer average lifetime and less Longer average lifetime and less 
variation reduces traffic hindervariation reduces traffic hinder

di idi iConditionCondition

Intervention levelIntervention levelIntervention levelIntervention level

timetime
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C li f th h lt h th h t dC li f th h lt h th h t d

Roller passes for Thursday Lane 1

18-20

Cooling of the asphalt when the paver has stoppedCooling of the asphalt when the paver has stopped
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February 12, 2010 16

SourceSource:: SS..RR.. Miller,Miller, TwenteTwente UniversityUniversity



Quick win (example asphalt Quick win (example asphalt 
pavements)pavements)

D b tt j b i d i d l i i t !D b tt j b i d i d l i i t !•• Do a better job in producing and laying mixtures ! Do a better job in producing and laying mixtures ! 
High and homogeneous quality is required !High and homogeneous quality is required !

•• Important factors to control are a.o.:Important factors to control are a.o.:
-- workmanshipworkmanship
-- segregationsegregation

temperaturetemperature-- temperaturetemperature
-- compactioncompaction

•• Improve existing equipment.Improve existing equipment.p g q pp g q p
•• Computer controlled systems are a must.Computer controlled systems are a must.
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Pavement System (example Asphalt)  Pavement System (example Asphalt)  
and Environmentand Environment

H h d dH h d d•• How much do we produce.How much do we produce.
•• Main producing countries.Main producing countries.
•• Status with respect to recyclingStatus with respect to recycling•• Status with respect to recycling.Status with respect to recycling.
•• Low energy asphalt.Low energy asphalt.
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Asphalt Mix Production in Europe
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Production of Asphalt Concrete in Production of Asphalt Concrete in 
EuropeEurope (29 countries)(29 countries)

T l 2007 342 9T l 2007 342 9•• Total 2007: 342,9 tonnesTotal 2007: 342,9 tonnes

FranceFrance 42 342 3 PolandPoland 18 018 0France France 42,342,3 PolandPoland 18,018,0

GermanyGermany 5151 SpainSpain 49,949,9

UKUK 25,725,7 NetherlandsNetherlands 10,210,2

ItalyItaly 35,135,1 TurkeyTurkey 22,222,2

(source(source:: EAPA)EAPA)
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ReRe--use of asphalt mixtures in Europeuse of asphalt mixtures in Europe

CountryCountry Available Available 
reclaimedreclaimed

% re% re--used used 
in hot mixin hot mix

% re% re--used used 
in cold mixin cold mix

% of new % of new 
hot mixhot mixreclaimed reclaimed 

asphalt mixasphalt mix
in hot mixin hot mix in cold mixin cold mix hot mix hot mix 

productionproduction
GermanyGermany 14 * 1014 * 1066 8282 1818 6060

SpainSpain 2.25 * 102.25 * 1066 88 44 3.53.5

ItalyItaly 14 * 1014 * 1066 1818 22

FranceFrance 6.5 * 106.5 * 1066 1313 < 2< 2 < 10< 10

NorwayNorway 0.59 * 100.59 * 1066 77 2626 88

N h l dN h l d 3 * 103 * 1066 7575 6363NetherlandsNetherlands 3 * 103 * 1066 7575 6363
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Quick win? (unless..)Quick win? (unless..)

RR f ld h l i ll d l df ld h l i ll d l d•• ReRe--use of old asphalt is a well developed use of old asphalt is a well developed 
technique; it is widely applied in a number of technique; it is widely applied in a number of 
countries.countries.

•• ReRe--use of old asphalt is not yet a general use of old asphalt is not yet a general 
applied technique.applied technique.

•• ReRe--use and recycling need firm support and use and recycling need firm support and 
should be enforced by legislation.should be enforced by legislation.
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Asphalt: reducing Production Asphalt: reducing Production 
T t d E N d dT t d E N d dTemperatures reduces Energy Needs and Temperatures reduces Energy Needs and 
emissionsemissions
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Production of Aggregates in Europe Production of Aggregates in Europe 
(18 i )(18 i )(18 countries)(18 countries)

•• 28002800 millionmillion tonnestonnes perper yearyear ((≈≈ 5050%% crushedcrushed rock,rock,
≈≈ 55%% recycledrecycled aggregate,aggregate, ≈≈ 4545%% gravelgravel andand sand)sand)

•• 27002700 sitessites
•• aa roadroad usesuses 3030 000000 tonnestonnes perper kmkm

GermanyGermany 526526 UKUK 257257

SpainSpain 438438 PolandPoland 148148SpainSpain 438438 Poland Poland 148148

FranceFrance 402402 Finland Finland 9898

Italy Italy 358358 Austria Austria 9595

(source(source:: EuropeanEuropean AggregateAggregate Association)Association)
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Aggregates in pavement systemAggregates in pavement system

RR d li f dd li f d•• ReRe--use and recycling of e.g. concrete and use and recycling of e.g. concrete and 
masonry rubble is at embarrassing low level.masonry rubble is at embarrassing low level.

•• Some countries are really front runners; in theSome countries are really front runners; in theSome countries are really front runners; in the Some countries are really front runners; in the 
Netherlands 90% of the concrete/masonry Netherlands 90% of the concrete/masonry 
rubble is recycled as base course for roads.rubble is recycled as base course for roads.

•• Much can be gained. Much can be gained. 
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Energy Material procurement / U it

Table 3.  Energy consumed in procuring materials and in 
executing primary construction activities

 Material procurement
Graded crushed stone (GCS) Mj / t 50

gy
consumed (Mj)

p
Construction activity Unit

 Graded crushed stone (GCS) Mj / t 50
 HMA manufacture Mj / t 30
 Cement Mj / t 70
Bitumen Mj / t 60 Bitumen Mj / t 60

 Material haulage Mj / t km 1
 Construction activity
 Milling 1 Mj / t 5
 In situ recycling / stabilising Mj / t 10
 Processing aggregate layer Mj / t 66g gg g y j
 Ditto per m² for 150mm thick layer Mj / m² 10
 Compacting and finishing layer 2 Mj / m² 10
HMA paving and compaction Mj / t 20February 12, 2010 26 HMA paving and compaction Mj / t 20

SourceSource:: DaveDave CollingsCollings



Energy Consumption in EUEnergy Consumption in EU--27 27 (2007)(2007)

IndustryIndustry HouseholdsHouseholds AgricultureAgriculture TransportTransport ServicesServices Other Other 
SectorsSectors

28%28% 25%25% 2%2% 33%33% 11%11% 1%1%
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Energy Consumption of a Pavement Energy Consumption of a Pavement 
System System (Ecoles des Mines 2002)(Ecoles des Mines 2002)

11 k 2 2 l dk 2 2 l d•• 11 km 2 x 2 lane roadkm 2 x 2 lane road
•• 30 years lifespan30 years lifespan
•• traffic class 6traffic class 6•• traffic class 6traffic class 6
•• 25 million heavy goods vehicles25 million heavy goods vehicles
•• 100 million private cars100 million private cars100 million private cars100 million private cars
•• total energy consumption 1430 TJtotal energy consumption 1430 TJ
•• 2% is used for construction and maintenance  2% is used for construction and maintenance  

(source(source:: EAPA)EAPA)
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Contribution pavement systemContribution pavement system

Al h h i ( ld i lAl h h i ( ld i l•• Although very important (cold in place Although very important (cold in place 
recycling), savings which can be realized by recycling), savings which can be realized by 
construction of pavement systems are limited.construction of pavement systems are limited.p yp y

•• Main savings can be obtained by reducing Main savings can be obtained by reducing 
energy needs of trucks and cars. energy needs of trucks and cars. 

•• What could be contribution of Pavement What could be contribution of Pavement 
system? system? 
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Road Surface and Fuel Consumption Road Surface and Fuel Consumption 
(V l V70)(V l V70)(Volvo V70)(Volvo V70)
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Pavement systems: rolling resistancePavement systems: rolling resistance

M h k h ld b d i hM h k h ld b d i h•• Much more work should be done in the Much more work should be done in the 
development of rolling resistance reducing development of rolling resistance reducing 
wearing courses.wearing courses.gg

•• It looks like some noise reducing surface layers It looks like some noise reducing surface layers 
are not really reducing rolling resistance!are not really reducing rolling resistance!
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Noise in Europe Noise in Europe (2000 data)(2000 data)

M h 44% f h EUM h 44% f h EU 25 l i (21025 l i (210•• More than 44% of the EUMore than 44% of the EU--25 population (210 25 population (210 
million) is regularly exposed to noise levels million) is regularly exposed to noise levels 
higher than 55 dB(A).higher than 55 dB(A).g ( )g ( )

•• 25 million are seriously annoyed.25 million are seriously annoyed.

February 12, 2010 32



Noise in Europe Noise in Europe (2000 data)(2000 data)
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Pavement system and noisePavement system and noise

N i d i t S t i t tN i d i t S t i t t•• Noise reducing pavement Systems are important.Noise reducing pavement Systems are important.
•• Noise reducing layers not always possible because of Noise reducing layers not always possible because of 

harsh climatic (winter) conditions (snow removal, salt, harsh climatic (winter) conditions (snow removal, salt, 
l t t )l t t )low temperatures).low temperatures).

•• Durable (long life) solutions are needed.Durable (long life) solutions are needed.
•• Also rolling resistance as well as skid resistance are of Also rolling resistance as well as skid resistance are of 

importance. importance. 
•• Holistic approach is needed. Silent surface Holistic approach is needed. Silent surface –– silent tire silent tire ––

durable wearing course with low rolling resistance durable wearing course with low rolling resistance –– skid skid 
resistance.   resistance.   
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Air Pollution and Emissions in the Air Pollution and Emissions in the 
NetherlandsNetherlands

NMVOC l il i d l diNMVOC l il i d l di•• NMVOC = volatile organic compounds excluding NMVOC = volatile organic compounds excluding 
methane; smog generating, sometimes methane; smog generating, sometimes 
carcinogeniccarcinogenicgg

•• SOSO22 = causing acidification= causing acidification
•• NONOxx = causing acidification and smog= causing acidification and smog
•• NHNH33 = causing acidification= causing acidification
•• PM10 = particle matter smaller than 10 PM10 = particle matter smaller than 10 μμm; m; 

penetrates deeply into lungs; detrimental topenetrates deeply into lungs; detrimental topenetrates deeply into lungs; detrimental to penetrates deeply into lungs; detrimental to 
health health 
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Pavement systems and air Pavement systems and air 
polution/emissionspolution/emissions

T ffT ffi i j ib i ll i•• TraffTraffic is major contributor to air pollution.
• Contribution of the building materials industry 

seems limited.seems limited.
• Contribution of Pavement systems in reducing 

pollution?
- smooth roads to reduce fuel consumption,
- catching PM10,

t hi NO- catching NOx.
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Sustainable and Durable Pavement Sustainable and Durable Pavement 
SystemsSystems

I d d ti d t tiI d d ti d t ti•• Improved production and construction Improved production and construction 
techniques including improved workmanship techniques including improved workmanship 
(e.g. through computerization).(e.g. through computerization).

•• Long life wearing courses produced at low Long life wearing courses produced at low 
energy and emission levels.energy and emission levels.

•• Silent and durable wearing courses with lowSilent and durable wearing courses with lowSilent and durable wearing courses with low Silent and durable wearing courses with low 
rolling resistance.rolling resistance.

•• Increased reIncreased re--use of RAP and recycling of use of RAP and recycling of 
building materials in generalbuilding materials in generalbuilding materials in general. building materials in general. 

•• Further development of emission controlling Further development of emission controlling 
systems. systems. 
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Green Purchasing Policy Dutch RWS 
as per 2010

LCA i h i d d i ifi h d• LCA is the most recognized and scientific method to 
measure environmental performance

• With a reduced impact for design and constructionWith a reduced impact for design and construction 
based on LCA, the bid will get a higher rating

• LCA needs to conform to NEN 8006
• 2 models are accepted as tools for proof to meet this 

requirement
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Change?

Y• Yes we can
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20302030

For this price-bracket, a jolly good road
40
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