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"When all is said and done, théymain unifying factor was the
political one, sumpned up in'the famous dictum: "All roads lead to
Rome.” The 53,638 bt so miles of main roads forming as they did
the line of wdvance forldimy and commerce, the binding force
between races and cultural influences, and the essential basis for
the geltlement anil development of land and its colonisation and
Survey, serded. to unify the Roman world and so, at long remove,
to create modern Europe."
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Joint Statement by Members

of the

1992 U.S. TOUR OF EUROPEAN CONCRETE HIGHWAYS
(U.S. TECH)

The United States” highway system ties
our nation together and provides the
mobility needed to support our
economy and everyday activities.

An important part of any highway is
the pavement structure upon which we
drive. While they have given us good
service, the driving surfaces and
supporting foundations of pavements
on highways across America are
wearing out, because of age, traffic
volumes larger than projected, and
truck loads heavier than expected. As
a Nation we face the need to rebuild
these pavements, many of which are
constructed of portland cement
concrete.

To better prepare for the task of
rebuilding our highways we came
together to examine some of Euzope’s
major freeways and to talk gvith the
experts who design, constfiict and
maintain them, seeking knowledge of
practices and experié¢nce thatmight aid
us in the United Sfates. Drawn frond
our Federal and State highway
agendiéspthe American Association of
State Highwawand Transpertation
Officials, the Transpertation Research
Board, the Strategic Highway Research
Program, thé Portland Cement
Association, and the American
Concrete Pavement Association and
some of its ¢contractor members, our
Group of 21 highway and pavement
experts observed highways and met
with experts in France, Austria,

iit

Germany, the Netherlands, and
Belgium. We also had preséntations by
experts from four other nations)ltaly,
Portugal, Spain, and Switzerland,
concerning portland cement concrefe
pavements in their countries.

The 21 participants_adopted the
following Missiofi Statement for their
tour:

The mission of the gtoup is to
review, the Butopedn concrete
pavemeént experience and obtain
information relating to finance,
resedreh, design, construction,
maintenance and performance to
assist with development of
appropriate actions for
enliancing our nation’s highway
system, productivity and
economic future.

Findings
What did we find in Europe?

We found that the new and recently
built portland cement concrete
highways we observed are constructed
with a common philosophy -~ worry
more about design, materials and
construction excellence and less about
cost. These highways featured well-
conceived, durable concrete slabs
placed on thick, well-drained bases,
resulting in superior pavement
structures.




The European pavements we observed
were built with the best technology
available, much of which has been
developed in the United States.

We found a cooperative attitude
among the various components of the
European highway community -
researchers, government engineers,
contractors, suppliers and others, and a
commitment to excellence.

These nations are building their
portland cement concrete highways for
the future with a 30- to 40-year
designed service life compared to our
20 years. Their highways carry a large
volume of trucks, with allowable axle
weights substantially above those in
the United States.

- We found a commitment to early,
preventive maintenance in Europe, afid
to undertaking timely rehabilitation
and reconstruction.

In summary, Europeans are building
excellent concrete pavefient systems,
and they are building/and rebuildiag
their highways forgvery large loads and
long life.

Should we be congerned about this
Furopean strategy? Yes, because
Eutope willbe able t0 uise those
highways to better,compete in the
wotld ecafiomy. And yes, because
better pavements will improve our
mobility and efficiency, and help us to
compete better economically.

Can the United States have better
pavements? Yes, if we will commit the
necessary resources to achieve

excellence. We have the technical
"know-how" and construction
techniques in the United States to meet
and exceed anything we saw in
Europe.

Action Plan

A full report on the resultsiof our tour
has been prepared. Aftthis time we .
urge consideration of the following
initial steps to help ensute world-class
pavement strugtuifes,in the Linited
States:

. Commit t6 further improvement
of our gement coficrete '
pavement désign, materials, and
construction technology and
equipment through innovation,
regearch, and training.

o Develop a conceptual design
catalog, similar to that employed
by European Agencies, as a
guide to help highway agencies
and contractors focus on the best
practices.

. Establish at the national level a
focal point for collecting and
distributing information about
developments in the United
States and other nations of
pavement technology, to
pavement engineers, researchers,
and the construction industry.
This effort should include and
could be based upon the
continuing SHRP effort, and
should include a broad-based
advisory board.




. Construct some selected
highway projects to explore the
applicability of certain European
concepts to the United States.
The SHRP SPS-2 effort might be
employed for at least some
projects.

. Organize a continuing training
program for pavement engineers
from highway agencies and
contractors, to improve the
design, construction and
maintenance of concrete
pavements.

. Encourage closer interaction
among highway agency
engineers, consultants,
researchers, industry, and
contractors, to promote better
concrete pavements.

Conclusion

To a significant degree, this tour of
Europe offered us a window of.issues
we in the United States ma¥ face
tomorrow.

Europe is building highways for morg
and heavier trucké) They have higlier
population densities fiear their
hightvays,which are alsé,developing in
the United States. These papulation
densities are causingsEurope to pay
increasing atténtion to'the roadway
environmesit, including construction of
pavement {6 minimize road noise, the
widespread use of sound walls, and
the extensive lise of vegetation in and
adjacent to the right-of-way. The need
to conduct highway rehabilitation
under heavy traffic is resulting in more

full-width pavements in Europe, where
the emergency lanes or shoulders can
be used to temporarily carry heavy
truck traffic. This same heavy traffic
encourages Europe to construct more
maintenance-free highways and to
emphasize preventive maififenance.
Recycling of pavements is on the rise,
with Austria now requiring full
recycling on site.

It is for us in the US to take advantage
of what we learn from other mations~
so that we can afificipatétomoow’s
needs and build highways for the
future.
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EXECUTIVE SUMMARY

The US TECH Study Tour travelled in
France, Austria, Germany, the
Netherlands, and Belgium, and heard
presentations from Spain, Portugal,
Switzerland, and Italy. Traveling
mostly by motor coach over thousands
of kilometers of high-level motorways
for 14 days, the Study Tour heard
many presentations from government
and toll road officials and engineers,
contractors, university faculty, and
industry representatives, and examined
many pavements and construction
sites. In addition, helpful literature
and technical reports were provided,
and many discussions were held with
experts from all of these countries,
which were very helpful to the Team’s
understanding of European practice.

The Study Tour members believe
Europe represents a "window" thfough
which some important issues
concerning the future transportation
infrastructure in the USAgeambe
observed.

The most significant findings of this
trip as determingd by the 21-person
Study Tour afe briefly summaiized in
this Executive Sumimary. The report
offers acomparison between Europe
and the USAnin Section 1. A synthesis
of the technical aspects of the Study
Tout findings is provided in Section 2.
Consideérable additional information is
given {or each country in Section 3.

Technical Highlights

Europeans are building excellent
concrete pavement systems, and

viii

compared to the USA, they are
building and rebuilding their highways
for very large loads and long life.
Many concrete pavement design,
construction, and material
improvements which USA pavement
engineers consider promising
innovations for the futiire are aliéady
standard practice in European
countries. The following, technical
highlights explaifiseme ‘of the
characteristi€s of these pavements.

* Traffic Loadifigs

Truck traffic on'Eufopean freeways is
heavy by, American standards in terms
of volumes, axle weights, and tire
pressuresh Truck volumes are similar
to those on tnajor routes in the USA
but legal axle weights are significantly
higher, Single axle legal maximums
range from 10 to 13 metric tons (t)
(22,046 to 28,660 pounds), compared to
9.1 t (20,000 pounds) in the USA. The
EC will apparently adopt a uniform
11.5 t (25,300 pounds) single axle as its
legal limit. Tandem axle legal
maximums range from 19 to 21 t
(41,900 to 46,300 pounds) and tridem
axle limits are 24 t (52,900 pounds).

However, actual maximum loads
measured are greater than these legal
limits. There appears to exist little
legal enforcement of weights in
Europe. Most trucks observed had
super-single tires with high tire
pressures. Expectations are that traffic
will continue to increase with the
economic growth that the EC is
expected to bring.



* Pavement Design

Jointed plain concrete pavements
(JPCP) are constructed most often in
Europe and their design has been
improved over time through effective
research. Continuously reinforced
concrete pavements (CRCP) have been
built in several countries, most
commonly Belgium and France.
Design lives are typically 30 to 40
years. The new and rehabilitation
designs in most countries are
developed by teams of experts and

placed in "pavement design catalogs"
for use by project designers. The
design catalog approach has several
significant benefits, not the least of
which is communicating the best
practices to the field. Emphasis is on
the design of the total pavefiient
system, not just the thickness of the
concrete slab. The Study Tous
members were impressed with the
overall designs from each of the
countries. Typical design practice in
Europe is summarized:below:

Pavement :

Type Slab Thickness  JPCP Joint Space Base Siibbase
JPCP 18-25-30* cm 3.5-5.0-6.0* m Lean 20-90 cm
(7-10-12 in) (12-17-20 ££) concrete (8-36 in)

(Dowelled) Granular layer

CRCP Reinforeement %

CRCP 17-20-25* cm 0.60-0.67-0.85* Lean 20-90 cm
(6.7-8-10 in) concrete (8-36 in)

AC/LCB™  Granular layer

* Low - Most Typical - High
slab and lean concrete base,

(which is also jointed).

** Some countries use 5 '@ (2 in) AC interlayer between

Some countriés bond the JPCPElab to the lean concrete base

Note that the slab thicknesses typically
do not exceed those in the USA. Other
factors are 9ptimized to reduce
thickness requirements. Concrete
pavements typically have slabs that are
0.5 m (1.7 ft) wider, longitudinal
subdrainage pipes and plastic-coated

ix

dowels to control faulting. Austria and
Germany are bonding the jointed lean
concrete base to the slab to reduce both
load-related and environmentally
related stresses. Trapezoidal cross-
sections are used in two countries to
optimize slab design for truck loadings.



The thick granular layer placed
beneath the treated base provides a
substantial level of bearing capacity,
for uniform support, frost heave
protection, and subsurface drainage.

Higher reinforcement content in CRCP
(0.7 to 0.85 percent) has produced tight
cracks and excellent performance.
Rectangular, coilable steel strips
(product name FLEXARM) for CRCP
are innovative and have performed
well in France.

A full-width concrete slab and base
paving thickness for adequate traffic
control needs during future
rehabilitation is now provided in some
countries. The shoulder is called an
"emergency lane."

¢ Construction

Warranties for pavement ¢onstrfiction
work are used in Europe. Wartanties
for concrete pavement range from 4 to
9 years in different countries, The
exact requirements anl benefits of the
warranties need further investigation.
Two-layer slab genstriiction is comimon
in some countries for Safety, noiée and
economic redgons. A hard High-quality
aggregate is usediin the upper 4-7 cm
(1.6°2:8 in) of the'slab. Two-layer
paving equiipment 1S available to place
this pavement ifhene pass. A straight
2.5 pergént cross-slope with no crown
acrose fraffic lanes is common in new
construction. Liquidated damages
equalled incentives rate per day for
one construction project visited. Lean
concrete was used as a temporary
widening for traffic control purposes
on another project. Reinforcement bar

tubes were placed behind vibrators for
CRCP in France to improve steel
placement.

* Rehabilitation

Rehabilitation of pavemeénts is
performed at a higher levehof
condition than in the USAL Unbonded
CRCP and JPCP overlays are common
on old concrete pavemients which are
often cracked and seated or picked up
and crushed an@dmsed as base, /they
are also uséd on AC pavements.
Jointed, steel-fibef-reinférced concrete
overlays of exiéting concrete and AC
pavements hiave beenfiised successfully
in Belgium.

1Lotal recyeling of concrete and other
materials; required by law, was
observed ©On a job site in Austria.
Recycled concrete that includes up to
10 percent recycled AC material is
used routinely in Austria for economy,
and to accommodate its mandatory
recycling law. Some interesting lane
reconstruction design sections exist and
the addition of a 31-cm (12.9 in) CRCP
truck lane on an AC pavement was
observed. The French LCPC/
Freyssinet load transfer device for JPCP
is being used to reduce faulting and
control reflection cracks under porous
asphalt surfaces.

¢ (Concrete Materials

Concrete durability problems do not
exist in Europe. Higher-strength
concrete is used in several countries.
Compressive strengths of 55 MPa (7975
psi) is specified in Belgium at 90 days.
Typical flexural strengths of 7.5 MPa



(1,087 psi) in third-point loading at 28
days are specified. A thick (40 cm
(15.8 in)) porous concrete slab that
provides a free draining non-
hydroplaning surface, noise reduction
and storm runoff reservoir capabilities
has been constructed in Paris. Lean
concrete shoulders have proven
successful in France.

* Surfacings

Reduction of pavement-tire noise levels
is an important environmental issue in
Europe. Several methods are being
used that reduce noise levels yet still
provide adequate friction. For new
pavements these include longitudinal
texturing with a burlap drag with
smaller top-sized aggregates,
longitudinal texturing produced by a
combination of brush and comb
achieving both a microtexture and a
macrotexture, porous asphalt stirfacing
(this is very common), porous concrete
surfacing (the Netherlands), and
exposed aggregate surfaces (thesesare
also very common). Noise péduction
treatments for existing pavements
include a surface layersof epoxy/ fine-
grained aggregate, a double surface
treatment of polynietized asphalt 6i
the surface with two layers of chips,
and diamond grinding of a coarse-
textured surface.

* Research anfl Development

Excellent cooperation between
government'and industry exists in
Europe that provides many benefits in
terms of increased innovation and
implemented research results. Major
accelerated field testing of concrete

pavements is underway in France that
was very impressive. Their circular
track is somewhat comparable to the
FHWA ALF but is able to provide
many more loadings in a shorter
period of time. Most European
countries appear to be conducting
more pavement research thanthe USA
as a percentage of total funding spent
on the highway network. Significant
innovation in pavement deésign,
construction and rehabilitation is
apparent in several Eupepean ¢ountries,
Significant efforts’ are made in several
countries to implementeseatch
findings. The reseancher guides the
field implementation along with
engineers from operaliongé and industry
until.the procedure or product is
workingas intended.

e “Enhgineering Expertise

Impressive groups of experienced
pavement engineers exist in most of
the ‘¢ountries visited. It appears that it
is the general practice for individuals
to make their careers in pavement
engineering. Many of these engineers
have the ability to travel to
international conferences and serve on
committees (PIARC and TRB).

* Toll Road Financing
and Engineering

The Study Tour was very impressed
with the French toll road companies.
The pavements were in very good
condition and the toll road companies
appeared to make exceptional efforts to
provide a high level of service to toll
road users,



Recommendations

Based upon observations during the
study tour, the participants urge the
consideration of the following points to
help ensure world-class pavement
structures in the USA:

v Commit to continuous improvement
of our concrete pavement design,
materials, and construction technology
and equipment through innovation,
research, and training. Increased
government and industry cooperative
research is urged.

v Develop a conceptual design
catalog, similar to those employed by
European agencies, as a guide to help
highway agencies and contractors focus
on the best practices. Consider using
longer design lives for pavement
design.

v Establish at the national eéwel a focal
point for collecting and disseminating
information about pavement
technology developménts in the United
States and other nations, to pavefent
engineers, researchers, and the
construction industry.< This effort
should inclideé and could bébased
upon the continuing SHRP effort, and
shotlild include a'Broad-based advisory
board.

v Consfruct experimental highway
projects to explore the applicability of
certain, European concepts to the
United States. These might include the
German JPCP design, and the French
coilable reinforcement in CRCP. The
SHRP SPS-2 effort might be employed
for at least some projects.

v Organize a continuing training
program for pavement engineers from
highway agencies and contractors, to
improve the design, construction, and
maintenance of concrete pavements.

v Encourage closer ififéraction among
highway agency engineets,,consultants,
researchers, industry, andscontractors,
to promote excellencg/in concréte
pavements.



APPROXIMATE CONVE

SI* (MODERN METRIC) CONVERSION FACTORS
APPROXIMATE CONVERSIONS FROM SI UNITS

RSIONS TO SiI UNITS

Symbol

When You Know

Muitiply By

To Find Symbol

When You Know

Multiply By

To Find Symbol

in?
fi2
yo
ac
mi?

floz
gal
ft*
yd®

LENGTH

inches
feet
yards
miles

25.4
0.305
0.914
1.61

AREA

square inches
square feet
square yards
acres

square miles

645.2
0.093
0.836
0.405
2.59

VOLUME

fluid ounces
gallons
cubic feet
cubic yards

29.57
3.785
0.028
0.765

millimeters mm
meters m
meters m
kilometers km

square millimeters
square meters
square meters
hectares

square kilometers

milliliters
liters

cubic meters
cubic meters

NOTE: Volumes greater than 1000 | shall be shown in m?.

MASS

ounces
pounds
short tons (2000 |b)

TEMPERATURE (exact)

28.35
0.454
0.907

Fahrenheit
temperature

§(F-32)/9
or (F-32)/1.8

ILLUMINATION

foot-candles
foot-Lamberts

10.76
3426

grams
kilograms
megagrams

Celcius
temperaluré

lux
candela/m?

FORCE and PRESSURE or STRESS

poundforce
poundforce per
square inch

4.45
6.89

newtons
kilopascals

LENGTH

millimeters
meters
meters
kilometers

square millimeters
square metefs
Sguare meters
hectares

square kilometers

VOLUME

milliliters
liters

cubic meters
cubic meters

0.034
0.264
35.71
1.307

MASS

grams
kilograms
megagrams

TEMPERATURE (exact)

0.035
2.202
1.103

Celcius
temperature

ILLUMINATION

1.8C +32

lux
candela/m?

0.0929
0.2919

square inches
square feet
square yards
acres

square miles

fluid ounces
gallons
cubic feet
cubic yards

ounces
pounds
short tons (2000 |b)

Fahrenheit
temperature
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newtons
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0.145

poundforce
poundforce per
square inch

* Slis the symbal for the Intemational System of Units. Appropriate
rounding should be made to comply with Section 4 of ASTM E380.

(Revised August 1992)






1 INTRODUCTION

Europe and the United States:
A Comparison

Geographic, demographic and highway
system data for the USA, selected
States, and selected European countries
are given in Table 1.1, in order of
increasing land area. A direct
comparison of various European
countries and the USA by land area
can be made. The land area of these
European countries is about 20 percent
of the USA and the length of main and
national motorways is about 33 percent
that of the USA.

* Population and Roadway Density

European countries in general have
higher population densities than nearly
all USA States. For example, the five
countries visited by the Study Tour
have an average population density of
312 people per square kilonméter
compared to the USA ayerage 26.

Europe also has ovéh three times mor@
kilometers of roadway per square
kilomgtemthan the USA. The USA has
on average 0.7 km of highway per
square ki (1.1 mi pélsquare mi) of
land area, whilé Europe has on average
2.4 km of highway per square km (3.9
mi per square mi) of land area. Some
European countries have much more
dense highway networks; Austria, for
example, has 7.6 km of highway per
square km (12.2 mi per square mi).

These statistics are important in
understanding the great congérn that
many European countries have for
noise pollution. However, Table 1.2
shows that several northeastérn States
(Rhode Island, Connecticut and New
Jersey) have densities compatable to
those of European countries.. The
following data giyé a comparison
between selected States And countries
in Europe having the#&ame population
density.
Table 1.2  Comparisons of population
and roadway densities.

USA 26 0.7
Austria 544 7.6
Netherlands 349 27
New Jersey 380 2.7
Belgium 318 44
Rhode Island 314 3.0
W. Germany 249 2.0
Connecticut 247 24
France 102 1.5
Pennsylvania 102 1.6
Spain 77 0.6
California 67 0.6

1 km? = 0.386 mi2, 1 km/km? = 1.61 mi/mi>



Table 1.1

Road system statistics comparison of the United States and selected European countries.

Rhode Island 3
Delaware 5
Connecticut 13
Austria 14
New Jersey 20
Maryland 27
Belgium 31
Switzerland 41
Netherlands 42
Portugal 92
Pennsylvania - 117
New York 127
Florida 152
West Germany 249
Wyoming 252
NY-NJ-PA 265
Italy ’ 301
California 411
Spain 505
Prance 544
United States 9400

314
122
247

544
380
167

318

160
349

111
102

140
79
246

141
191

67
77
102
26

1.5
1.0
4.6

11.5
9.3
6.5

14.5
19.8
4.4

19.1
24.7

24.5
19.3
39.8

7.1
58.4
513

449
20.6
349

651.9

79

7.6
27.1

95.0
45.5
38.5

122.4
51.2
109.2

0.0
163.4

153.0
142.3
4538

57.4
3619
251.2

211.7
297.5
770.0
5581.4

1.6
1.6
1.4

1.5
12
1.4

1.5
3.0
03

1.9
2.1

14
1.6
0.7

14.5
1.6
09

1.6
05
0.6
2.7

8.0
117
8.4

12.5
5.9
8.5

12.4
7.7
74

0.0
13.7

8.6
11.8
74

117.1
9.7
44

77
7.7
13.8
229

16.6
16.6
13.0

na
11.6
14.6

13.0

na
7.1

1.0
22.4

24.2
144
9.0

107.7
20.6
48

19.4
30
9.2
26

3.0

1.6
2.4

7.6
2.7
1.7

44
1.7
2.7

0.2
1.6

14
1.1
2.0

0.3
1.6
1.0

0.6
0.6
1.5
0.7

551
591
762

na
646
599

350

348

155
518

469
709
463

575
521
423

568
263
394
561

1.4
1.6
1.1

na
1.2
14

3.9
na
14

6.6
1.6

1.6
1.9
2.3

1.2
1.5
22

1.6
6.9
3.0
1.5

Most data 1987. Sources: "Europe in Figures,” Eurostat, 1989; World Road Statistics, IRF, 1991. Highway Statistics, 1987, U.S. Statistical Abstract, 1991, 1992.




Table 1.3

Roadway mileage comparisons for European countries and
US States of comparable population and roadway densities.

Austria 11,500
Netherlands 4,400 New Jersey 9,300
Belgium 14,500 Rhode Island 1,500
West Germany 39,800 Connecticut 4,600
France 34,900 Pennsylvariia 24,700
Spain 20,600 California 44,000
1 km = 0.621 mi

* Highway Network

A comparison of the main and nationdl
motorways of these same countries
with various States is given in

Table 1.3. The USA has 651,900 km
(404,800 miles) of main motbrways.
The total of 215,900 km (134,100 miles)
for all European counfries is 33 percent
of the USA’s mileage.

* (Climiate

Climati¢ factors iavesan effect on
concrete pavemént perforitance and it
is important 46 have a general
understanding of the climates of
Europe vs the \USA. In general, the
climate is milder in most of the
countries visited than in the northern
USA.

s Traffic Statistics

The cars per thousand of population
and fatality rate deaths per 100 million

vehiele km travelled are shown for the
same countries in Table 1.4. The USA
has a sighificantly larger number of
cars, per 1000 population, but most
Eur@pean countries (excepting the
Netherlands) have far higher fatality
rates than the USA.

* Consequences of Infrastructure
Neglect in Eastern Germany

Travel over thousands of kilometers of
European highways clearly showed
that those highways (all types of
pavements) are in far better condition
than most highways in the USA. The
serious deterioration that exists on
American highways and streets was
virtually never seen in Europe.
Pavement rehabilitation is applied
much earlier so that the traveling
public almost never sees serious
deterioration or roughness, let alone
serious pavement-related hazards.



Table 1.4

Comparisons of vehicle ownership and fatality rates
in European countries and US States.

Netherlands 348 T 1.4 ew Jersey 646 1.2
Belgium 350 3.9 Rhode Island 551 1.4
W. Germany 463 2.3 Connecticut 762 1.1
France 394 3.0 Pennsylvania 518 1.6
Spain 263 6.9 Califofnia 568 1.6

" Deaths per 100 million vehicle-km travelled (multiply by 1.61 for deaths per 100 milllion vehicle-miles.)

The most impressive, never-to-be-
forgotten portion of the European
Study Tour was the travel and visitssin
the former East Germany¢ Briving into
the former East Germany presents an
immediate dramatic difference’in the
condition of pavements and,other
roadside structures frofiy that'in the
West. The deteriorated conditionef
many sections of highways was eyident
immediately upon passing over the
former bordef (with empty guaid
towers at interchanges) between
Muinich and Berlini where the entire
distance isymostly conerete pavements
constructed oven50 years ago.

Simply‘put, there has been no highway
mainteénance done in eastern Germany
over the past 40 years, which has lead
to major deterioration of the highway
infrastructure to the point that serious
mobility, congestion, and safety
problems exist and complete expensive
reconstruction is the only feasible
solution for most sections.

During meetings in Berlin, government
officials described how bad the
highway pavements were, especially
within towns. They get letters and
phortie calls every day from many
people stating that they cannot carry
on their normal work because of
impassible streets and highways.
Teachers cannot teach, police cannot
patrol, etc.!

However, it is most interesting to note
that the German government is now
placing an enormous emphasis on
spurring economic recovery in the east
through a massive reconstruction of
many deteriorated highways. The
Study Tour witnessed many of these
projects on the drive from Munich to
Berlin and then on the freeway ring
around Berlin.



The German government’s recognition
that highways are vital to this
recovery, and their action to
rehabilitate the highways in the east as
the first step in recovery was very
impressive to the Study Tour. The
Study Tour was told that in the State
of Brandenburg (where Berlin is
located), 1.2 billion Deutsche Marks
(DM) were available this year, some
300 million DM more than they can
spend, apparently because not enough
contractors are available!

Europe, a "Window" to Future
Transportation Infrastructure Issues
Europe seems to represent a "window"
through which some important issues
of the future transportation
infrastructure in the USA can be
observed. Some of these already exist
in more densely populated and
industrial areas of the USA4 ™

® More and HeaviersTrucks
and Axle Weights

For agumber of years, }European
countries have experiencedh 8 percent
or mosé annual growth in truck volume
on freewdys. This rate 0f growth is
expected t0dccelerate in the future
with the coming of the European
Community (EC). Heavy truck
volumes run'20 to 30 percent of
average daily traffic (ADT) on many
freeways and daily truck volumes run
from 1000 to over 10,000 per day in
one direction in the outer lane.

The legal axle weights in several
countries are summarized in Table 1.5.
The EC will apparently adopt a
uniform 11.5 metric ton (depoted by t)
(25,300 pounds) single axle agits legal
limit, which will mean an increase, for
some countries, but other colintrics
already have a higher limit, such as a
13 t (28,600 pounds) single axle and a
21 t (46,300 pounds).tandem axle in
some countries, athong théyhighest in
the world. Notg that th€se lead limits
are far higher than tiose in the USA.
Apparently little €nforcement of axle
weights exists), Oncweigh-in-motion
siteshowed that 4 percent of axles
were evennabove these "highest in the
world" legal“limits. Comparison of
the'axle load distribution from the
1960°s to, the 1990’s shows a major
shift to heavier axle weights.

These weights will make Europe’s
trucking industry very competitive
from a transportation cost standpoint.

® More Trucks with Super-Single
Tires and Higher Tire Pressures

The trucks in many European countries
have super-single tires. These tires
were rated at 0.86 MPa (125 psi) tire
pressure.

® Environmental Issues

Use of existing roadbed construction
materials is emphasized. Existing
concrete pavement is often cracked or
crushed and used as a base for a new
concrete pavement or recycled as
aggregate in new concrete pavement.




Table 1.5 Legal axle load limits in Europe and USA.

Austria 10 22,046 16 35,300
Belgium 13 28,660 n/a
France 13 28,660 n/a
Germany 11.5 25,353 19 41,888
Italy 12 26,455 19 41,888
Netherlands 11.5 25,353 n/a
Portugal 12 26,455 20 44,092
Spain 13 28,660 21 46,297
Switzerland 8.2 18,077 n/a
USA od 20,000 15.4 34,000

Recycling all materials at the job site
(no land filling) is required,in some
cases.

Noise emission from pavement-tirg
interaction is very important at this
time in Europe. In fact, pavement-tire
neise reduction was, one of the most
talked-about topics Qmthe

tous, Eliminating, splashi during
rainstorms(is considered important for
safety.

Maintaining high friction is important
because the friction value has been
related to wet-weather accidents.

® Reduction of Congestion Through
Fewer Lane Closures

Longer-lasting pavements require
fewer lane closures for repair or
reconstruction.

Lower pavement maintenance needs
require fewer lane closures.

Rapid construction reduces lane
closures.

® Consideration for Future Traffic
Control Needs in Design and
Rehabilitation

One side of a typical divided highway
(two lanes plus shoulders) consists of




full-width paving thickness that can
later be divided into four lanes so that
the pavement in the other direction can
be closed for reconstruction or
rehabilitation, or for emergencies.
Note that lanes through construction
zones are reduced in width.

® Emphasis on Level of Service

The level of service provided by
freeway pavements in Europe was
observed to be very high. This may
be due to a combination of factors
including higher investment in the
infrastructure (see Figure 1.1),
improved designs, more durable
materials, and higher construction
requirements.

A primary reason for the achievemient
of quality highways in Europe is a
longer original design life and_a
European mindset for long.térm use,
not only of highways but also of
homes, cars and all other products.
Europe is not a disposable-driven
economy. Desigfi§ include a large
safetyofactor. For example, actual
concrete strengths regularly exceed
design strengths Bya considerable
margin; and defign strefigths used in
Europe are gonsiderably higher than
ours. USA construction contracts and
quality contrel programs are focused
on uniformity and building as closely
as possible to specified requirements,
whereas their designs and contracts are
focused on getting the best, longest-life
product possible.

Virtually no concrete durability
problems were observed in any
country. The comprehensive Swiss
quality control (QC) program to
achieve durable concrete provides an
understanding of how this level of
quality is achieved.

Many European concrete pavements
built in the 1950’s and. 19608 have
performed extreniEly well and only
recently have sgmie of these pavements
required rehabilitatiofi,” Othér much
older conciéle pavements exist in
Europe, such as the G/-year-old
pavement in Brussels, or the East
German dutobalin concrete pavements
which are moté than 50 years old
(although traffic was not heavy for
many years). Even now these
pavements do not exhibit any durability
praoblems, though they do show
cracking and faulting problems. Many
kilometers of concrete pavements built
in Portugal between 1935 and 1945 are
all still in service. Austria has many
jointed concrete pavements that are
over 30 years old that have performed
very well.

® Cooperation of Government and
Industry in Research

Europe benefits greatly from close
cooperation between public and private
organizations. An ideal example is the
French national research study on
concrete pavements. These type of
relationships are growing in the USA
as well. In fact, close cooperation



8

among industry, State, and Federal
officials is one of the reasons that this
tour took place.

During the European Study Tour, the
participants freely discussed many
aspects of transportation facilities.

The participants felt that this
interaction between Federal, State, and

industry personnel was extremely
valuable and contributed greatly to

increased understanding.




2 TECHNICAL SYNTHESIS

2.1 Innovative Concrete Pavement Pavement Design

Technology in Europe

A summary of typical desighs for
freeway type highways is shown in
Table 2.1. Several countries are also
building unbonded CRCP 61 jPCE
overlays over existing concrete
pavements. A summary of European
practices for concrete pavements is

reproduced in thé Appendix.

The US TECH Study Tour observed
many interesting and innovative ideas,
technologies, procedures, equipment
and processes related to concrete
pavements that will be of interest to
engineers and administrators in the
USA. Many of these have been
researched in the USA before but have
not been widely implemented.

Table 2.1 Summary of concrete pavement designs for countriesiVisited.

CRCP - LCB n/a
17-25 cm
France (6.7-10 in)¢
JPCP 455 m LCB n/a
22-28 cm (13.1-18 ft)
(8.7-11 in)
JPGP 5.5-66m 5cm (2 in) AC Min. bearing
Austria 18-25 em (18-19.7 ft) CTB capacity
(7-10.in) required
JPCP 5m CTB/LCB Granular
Germany 20-30 cm (16.4 ft) (bonded) blanket
(7.9,11.8 in) 30-90 cm
(11.8-35.4 in)
JPCP 35-5m LCB Sand
Netherlands 26-28 cm (11.5-16.4 ft) layer
(10.2-11 in)
CRCP - LCB 20 cm (7.9 in)
20 cm minimum
Belgium (7.9 in) granular
JPCP 5-6m LCB 20 cm (7.9 in)
23 cm (16.4-19.7 ft) minimum
(9 in) granular

, All joints dowelled, 26 mm (1 in) diameter typical

" LCB = lean concrete base, AC = asphalt concrete, CTB = cement-treated base
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* Catalog of Designs

Most countries have developed a
catalog of pavement designs for asphalt
and concrete pavements. These
designs appear to be based upon both
theoretical analyses and practical
experience from a team of experts.
They are based on data unique to a
given country or region. A design
catalog is helpful in communicating the
appropriate design to administrators
and to the field.

Especially for concrete pavement,
having the details of the cross section
clearly defined may help avoid
construction problems. In addition,
project designers do notfheed to
understand all of the theorpinvolved
to design a pavement when using a
catalog. Germany has afcatalog for
both new pavement désign and
another catalog for rehabilitation
design, part of which is‘Shown in
Figure 2.1.

JPCP overlay on interlayer of lean concrete or AC on fractufed old pavement.

Traffic

sv

I I 10

Class
JPCP overlay

Interlayer

Fractured old
slab

Subbé@se

24

2

JPCP overlay.on geotextile on fractured old pavement.

Traffic

sV

I II 111

Class
JPCP overlay

Geotextile

Fractured old
slab

Subbase

JPCE full-depth reconstruction with untreated, open-graded permeable base.

Traffic

SV

Class
JPCP

Open-graded
permeable
base

* Moduli in MPa (1 MPa = 145 psi), thicknesses in cm (1 cm = 0.3937 in)

Figure 2.1

Portion of the German design catalog for rehabilitation alternatives.

(Note that many other factors are specified such as minimum
foundation bearing capacity, concrete strength, drainage, joint design,
etc. See cross-sections shown in Figures 2.4 and 2.10).



* Thick Granular Layer Over
Subgrade (Beneath LCB or CTB)

Nearly all countries provide a thick
granular layer (20 to 90 cm (8 to 35 in))
between the subgrade and the treated
base course to control frost heave and
increase support to a minimum
specified bearing design level. Note in
Figure 2.1 the minimum modulus of
elasticity that must be met at the top of
the subgrade (45 MPa (6,500 psi)) and
at the top of the granular layer (120
MPa (17,400 psi)). This plate load test
(German standard test DIN 18134, June
1990) involves a circular plate loaded
in several stages. In each load stage
there is a wait until the change in
settlement does not exceed a specified
value. The minimum modulus of
elasticity required results in a relatively
stiff foundation upon which th@treated
base course (i.e., lean concrete) and
concrete slab are supported.

* Long Design Lives

Many of the countries structurally
design concrete pavément {0r long
design lives of 30do 40 years. This
long design life may be in part
respghigible for the excellent
performance of concrete pavements in
Europe.

* Heavy Tfuck Traffic

This situation currently exists in
Europe and the expectations in every
country visited are that traffic will
continue to increase in volume and
weight even more rapidly with the
economic growth that the EC will
bring. Some countries will be
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increasing their legal axle weights to
match the EC standard of 11.5 t single
axle (25,300 pounds), while others
exceed this already. A summary of
legal axle loads which shoyis the large
differences from the USA load)limits is
provided in Section 1. Most trucks in
Europe observed by the Shidy Touk
had super-single tires.

France provides one example of
growth in heavydruck traffic.” Frante
has had large ificreasesin its volume of
trucks and expects afi 8 petcent annual
growth inftrucks. T'ruck volumes on
the outer lane of Urban fiteways range
from about 2,000 to 10,500 per day.
Legabaxle loads are among the highest
in the world: |13 t (28,600 pounds) for
single axles and 21 t (46,300 pounds)
for fandem axles.

® Life-Cycle Cost Analysis

Somte countries such as France conduct
life-cycle cost analyses of pavement
alternatives over a 25- to 40-year
design period using a discount rate, no
user costs and a new surfacing at
specified times. Other countries
include only the construction cost in
the economic analysis. The French
philosophy is expressed by the
following remarks:

"The pavement structures given in the
catalogue of standard designs are
equivalent and offer the same service
life. However, the amount of
maintenance needed to prevent
premature aging of the structures and
to guarantee satisfactory surface
characteristics differs. One of the
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advantages of concrete pavements is
that they require very little
maintenance. This is why an economic
comparison of pavement structures
must also look at the global investment
cost including maintenance."

* Full-Width Paving for Future
Traffic Control

Several countries such as Germany, the
Netherlands, and Austria build their
standard two-lane, one-direction
freeways with the full-depth concrete
slab wide enough (11 m (36 ft), 11 m
(36 ft), and 11.5 m (38 ft) in those three
countries respectively) to be capable of
handling four lanes of traffic for any
future emergency (such as a landslide)

or planned rehabilitation. This makes
tt possible to completely close the
opposite direction for rehabilitation.
Shoulders are called "emergency lanes"
in Europe for this reasqri

¢ Widened Truck Lanes

This has been a widely used concrete
pavement design in mpst European
countries for many yeais to reduce
edge and coniferloadings. ThesStudy
Tour observed many pavements with a
widened truck lasie during the trip.
The ed@e stripé is placed at its normal
lane width posifien. Some countries
also include tied concrete shoulders, as
shewn in Figure 2.2.

Figure 2.2  Typical widened traffic lane (4.25 m (13.9 ft)) with paint stripe placed
0.5 m (1.6 ft) from edge of pavement.



» Trapezoidal Cross-Section

This interesting design concept has
been used in several countries, most
notably France and Spain. The
purpose of this design is to provide the
thickest slab in the most critical area of
loading (the outer edge of the
pavement) while minimizing the
amount of concrete used. The French
use a trapezoidal cross-section on new
pavements as well as reconstructed
lanes. In the French trapezoidal cross-
section, as shown in Figure 2.3, the slab
thickness varies from 26 to 29 cm (10
to 11.5 in) across a 7-m slab (23-ft) (two
lanes).
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s 3-D Finite Element Use in Design.

The French developed and use a three-
dimensional finite element analysis
program called CESAR to aséist them
in developing their concrete pavement
designs.

* Unique German Concrele
Pavement Design

This pavement degign impressed the
Study Tour by ité proven history of
excellent performanced@nd for
conceptual@easonsy(It is shown in
Figure 2.4 and has'§éveraldinique
characteristics listed.

(1964 original) (1976 Treconstruction)
fast lane middle lane trizck lane (Z?'f’}) ({,symt)
3.5m (11.5 ft) 35milsf) | 35mMI15f) | shoulder

median tie bar

; ‘ surface dressing

#1226 cm (10.2 in) colbrete slab 29 cm (11.4 in)

porous concrete

: 17 cm (74in), lean-concrete 22 cm (8.7 in) ()--— drain

30 em (118 In) stabilized soil 30 cm (11.8 in)

Figure 2.3 Example French trapezoidal cross-section design
for reconstructed traffic lanes.

s Unique JPCP and CRCP Pavement
Design from Belgium and Austria

Placement of an AC layer between a
PCC slab and a base (lean concrete,
cement treated, or untreated granular)

is required in some countries, including
Belgium and Austria. The AC layer
provides a bond between the slab and
the base and reduces erosion. Some
sections in Belgium where the AC layer
was eliminated have resulted in
erosion and punchouts in CRCP.
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motor way

/ v
5m (164 V ’ ‘paint stripe / paint stripe /

22 cmto 26 cm /
(9-10in) e
concrete slab s
R - >y A :
[ Ty Wi i) S : i d 5

o |k ammazsm —4—3.75m (123 ft)—hf,‘;t';_i‘}:,
drainage | | 8.50 m (27.8 £) 2] e

drainage
treated base course —-porous concrete

(a) 10 cm (4 in) bitumen treated base
(b} 15 cm (6 in) cement kreateddase
or lean-concrete base

blanket
granular layer

Jointed plain concrete payéinent.

Slab thickness depends on'iraffic.

Usually two-layer construction with slab containing high-quality crushed aggregates.

Widened traffic (both passing and fruck) lanes.

Full-width paving thickness for futurépraffic control'during rehabilitation.

Shoulder is tied concrefe.

Concrete strength is/Similar to USA.

Base is cement treafed or lean concréle.

Base is bonded.to slab, reflection cracking is avoided by providing joints (or notches) in the base just
beneath joinfs in slab.

Subbase consists of a thickgranula® blanket.

Transvetse joint spacing isrelalively short.

Doweled jolnts)unevenly spaced, plastic-coated dowels, automatic dowel placement.

Transverse and longitudinal joint sealant is neoprene compression seal.

Longitudinal joint saw depth is 0.40 - 0.45 of slab thickness.

Subdraifiage with a'porous concrete layer beneath the outer shoulder plus circular pipes connected to a
closed drainagessystem. The underlying granular blanket provides some bottom drainage.

Surface texture currently used is a light longitudinal brush (burlap drag) to produce a low-noise surface.

The hard high-quality aggregates used in the top layer provide adequate friction. The uniform cross-
slope required is 2.5 percent.

Figure 2.4 German jointed plain concrete pavement design.



» No Crown, Straight Cross-Section

Most countries have a straight 2.5
percent cross-slope across all traffic
lanes and shoulders to promote rapid
drainage and smoother pavements.

* Notched and Bonded Lean
Concrete or Cement-Treated Base

Germany bonds a lean concrete base or
CTB to the slab with good success
without the risk of reflection cracks.
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This is accomplished by notching the
base immediately after placement
exactly beneath the transverse and
longitudinal joints of the concrete slab.
The bond lasts at least 10 yedts and
provides a monolithic slab which
reduces curling stresses and erosion at
the interface, which often ocfurs when
the layers are debonded (Sée

Figure 2.5).

German JPCP slab on lean concrete base that has been notched or jointed.
(Note: all joints along project showed an initial crack like this joint after
a few days curing.)

Figure 2.5
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* Longitudinal Edge Drains
Connected to Closed Drainage
System

The German cross-section (Figure 2.4)
shows a porous concrete layer beneath
the shoulder that provides a flow
channel to a longitudinal subdrain.
This empties at regular intervals into a
lateral pipe and finally into a larger
longitudinal closed drainage system.

* Ditch Line One Meter (Three Feet)
from Bottom of Base

The Netherlands requires this to help
drain the cross-section. Pavements in
other countries also appeared to have
deep ditch lines.

* Geotextile Drainage Fabric
Between Slab and Base

This is specified in Germany 10 be
placed between a new JPCP ovetlay
and old fractured conérete siab. In
France, the Study Tour observeda
thick fabric placed beneath the slab on
top of a granujarbase,

* Porous Concrete Base Under
Shoulder

A porous conérete base about 15 cm
(6.1n) thi€k'is spegified in Germany’s
crogséection under the outer concrete
shoulder to facilitate base drainage, as
shown in Figure 2.4. This is also used
in France and Italy to drain the cross-
section. The porous layer is connected
into a drainage system in all cases.

« Reinforcement in CRCP

Some unique and interesting
reinforcement designs were found in
Europe:

v Rectangular flat steel high-strength
strips (FLEXARM): A coilable
reinforcement was déveloped in France
(Figure 2.6) to shorten the length of the
construction train, reduce,the
complexity/f bar teinforcement
placemenf, reduce the labor involved
and make the s@inforcéiment easier to
tran§port. "Ihis reinfof¢ement has been
used In France Simeg 1988 for several
major fféeway projects under the
commercial name of FLEXARM. This
carbomsteel has a high yield strength
of 790 M¥a (114,550 psi), a flat
tectangular section (4 cm (1.6 in) wide
and 2 mm (0.08 in) thick), a corrugated
surface which is corrosion-proofed by
continuous hot galvanization, is
supplied in coils and is joined in the
field by rapid pneumatic riveting.

v Using an increased steel percentage
has shown excellent performance in
Europe: Belgium used 0.85 percent
from 1970 to 1978 and obtained
excellent long-term performance on
over 100 km (62 miles) of heavily
trafficked freeway with no punchouts.
Projects in France and Spain with 0.72
to 0.85 percent steel have shown
excellent performance also.

v Placing the steel above mid-depth:
A depth of approximately one third of
the slab thickness holds cracks tighter
and results in better performance
according to experienced engineers
from Belgium and France.
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Figure 2.6 Coilable rectangular reinforcement (FLEXARM) developed in France.
(Note: coils heldfin @iagonal position at top of photo.)

v Skewed transverse steeli Used in
Belgium to prevent any transverse
cracks from forming wver transveise
steel.

* CRCP with Porous Asphalt and
Concrete Surfacings

CRCP is surfaced in the Netherlands,
France and'lfaly with porous asphalt.
Porous concréte has also been used in
Netherlands and France. This design
has some strong advantages and
disadvantages, as described in the
section on surfacings.

» Dowels Required to Control
Faulting

Based upon experience in many
countries, the overall conclusion is that
dowels are required to control faulting
in transverse joints for JPCP for heavily
trafficked highways in Europe. This
was strongly stated, based upon field
experience, in Belgium, Germany,
Netherlands, Austria and Spain. This
conclusion was painfully learned in
several countries that adopted the
typical original "California" design for
JPCP with no dowels, an erodible base
and no subdrainage. This led to
pumping, faulting, and slab cracking.
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* Varying Dowel Placement Across
Traffic Lanes

Nearly all countries vary the dowel
placement across the traffic lanes and
emergency lanes (shoulders) to
economically place adequate load
transfer devices at the locations where
the greatest number of heavy wheel
loads pass. Automatic dowel
placement equipment can place
nonuniform dowel patterns. An
illustration of dowel spacing in
Germany is given in Figure 2.7.

* Plastic-Coated Dowels and
Deformed Tie Bars

Germany uses 25-mm-diameter (1 in)
dowels with a plastic coating at least
0.3 mm (0.01 in) thick covering the
total length of dowels and no oildised

at construction. They are placed with
automatic dowel inserters. The
apparent quality of the coating was
impressive.

* Short Transverse Joint Spacing

Joint spacing in JPCP ié critical to
minimize transverse ¢racks due 1o
curling and warping. | European
countries have clearly récegnized this
for many yedrs and joint Spaging in
most of thgse counfiies ranges from 4.5
to 6 m_(15to 204t), with 5 m (16.5 ft)
being(the most popular. Since most
joints are doweled, tlie transverse joints
are perpendicular 1o the centerline.
Slab thicknesses range from 22 to 28
cm (2 19,10 in) for these joint spacings.
A 5-m (16.5-t) joint spacing was also
used at the new Munich II airport for
slab, thicknesses up to 40 cm (16 in).

8,5 m (28 Ft)
0.5 (1.7 ft) 0.5 (L7 ft)

| 3.75 m (12.3 ft) 3.75m (12.3 ft) |\ | 250 m@2fy |
| inner lane outer lane shoulder I
concrete N ,0 0 Uy 0.0 0 O Inl 100 (; a0 0y 0'0100 O a0

[] b} o ¢ ) '
Lo Vo 0.0 |0 0O 6T 0% S 'Q'OOOQOO
27 dowels ) : :
Bamag Ul [ LD T
diafneter | : : :
oed | 7x50em @0in) | . l4x25em ] 3xa0em [505em] | 4x50em ]
T [T aoim) [ @in) | oim) [ * | @0im) | |
2x25 cm 25 25 25 25 25 em
(10 in) (10) (10) (10) (10) (10 in)

Figure 2.7 Varying dowel bar spacing across pavement in Germany.

(See Figure 2.4.)



* Sealing of Joints

European countries differ as to whether
or not they seal joints and as to what
type of seal they use. Most countries
seal transverse and longitudinal joints.
An exception to this is Austria, where
in some areas a narrow (3 mm (0.1 in)
wide) joint is saw cut and not sealed,
which reduces construction cost by
about 10 percent. Spain seals
transverse joints in wet areas but not in
dry areas. Longitudinal joints are
sealed in all areas in Spain.

* Two-Layer Construction Concept

This concept is used in several
countries in Europe for economic and
safety reasons. Equipment is available
to slipform two layers in one pass as
described below.

v Two-layer construction has been
used extensively in Germany since
the 1930's on highway and aifport
pavements. This provides an
economical design, with the top layer
containing hard, high4uality, smaller-
sized, high-friction aggregates and. the
lower layer containing lower-cost,
locallyf@awailable gravel aggregates
(which must be, thermally stable). The
top surface is moréwesistant to freeze-
thaw damiage, hés a lowépnoise level
due to the sm@ller aggregates, and has
improved friction.

v Two-layer construction is used
currently in Austria to provide a top
layer with hard and durable smaller-
sized aggregate (8 mm (0.3 in)
maximum). An exposed aggregate
surface is then created to provide a
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low-noise, high-friction surface. High-
quality aggregates are expensive and
cannot be used throughout the full slab
thickness. Figure 2.8 shows a photo of
a two-layer slab from Austrig

v Two-layer construction is usedhin
France with hard aggregatesfin the
surface layer to provide an exposed
aggregate surface. These aggregates
are very expensive compared to soft
limestones used fof the lower layen

* Pavement Placed Right Gver
Bridges

Some countrigs such as Beigium and
Fraricédesign 'Some bridges for the
extra dead lead of the pavement which
18 placed right'over the bridge deck.
This ayoids end movement problems.

¢ 'Concrete Pavement Bicycle Paths
and Local Traffic

The Netherlands constructs many
undowelled JPCP bike paths. These
are also used by local farm equipment.

* Prestressed Concrete Pavements

This pavement type has been
constructed by several countries in
Europe, mostly at airports. Prestressed
pavements have been used extensively
at Schiphol Airport (Amsterdam) for 25
years and have provided low-
maintenance long lives under heavy
traffic. The first prestressed pavement
in the world was built in Portugal at a
NATO airfield in 1965.
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Figure 2.8  Two-layer constiiction in Austria (high-quality smaller-sized aggregates
in top layer, lower<¢ost locally available aggregates in lower layer).

¢ Concrete Block Pavers

This has been ufed to §ome extent in
most Europedi countries forlocal
streets and other purposes. For
éxdmple, they are used extensively in
the Nethérlands for'a wide range of
applications from, domestic pavements
to compli€ated industrial pavements.

* Reduced Electrical Energy

In Switzerland, lighting concrete
pavements consumes about 20 percent
less electrical energy than lighting
asphalt pavements due to the lighter-
colored surface.

Construction

Some interesting contracting
arrangements are going on in highway
design and construction in Europe. For
example, Germany paid eight firms
150,000 DM each to develop proposals
on a 30-km (18.6-mi) highway
reconstruction project. The low bid
was 105 million DM, which was low
enough to cover all of the money spent
to develop the innovative proposals.

* Warranties for Construction
Most highway work in Europe requires

warranties for highway construction
and materials.



A few examples: Germany has a
four-year warranty for concrete and
asphalt pavements, and French
contractors must warrant AC pavement
for four to five years and concrete
pavement for seven to nine years. The
Freyssinet load transfer devices carry a
five-year warranty.

While some sources claim that
warranties contribute to the high
quality of pavements in Europe, more
evidence is needed to support this
conclusion. Beyond qualitative
evidence, cultural differences between
contractor and owner on the two
continents must be investigated. The
interrelationships of workmanship,
ability to pay, construction or design
choices allowed, size of company, etc.,
lead us to believe that the word
"warranty" may mean different(things
to Europeans than to Americans.

A primary reason for the achievement
of quality highways in Eurofeis‘a
longer original design life And a
European mindset for-long ferm use of
not only highways bfit alsohiemes, cars
and all other prodficis. Europe isynof 4
disposable-driven econiomy. Designs
includealarge safety factor. For
example, conérete actual'§ttengths
regulaily exceed byayconsiderable
amount designfStrengths,'and design
strengths wete considerably higher
than ours.| USA construction contracts
and quality €ontrol programs are
focused on uniformity and building as
close as possible to specified
requirements, whereas their designs
and contracts are focused on getting
the best, longest-life product possible.
The European designs and
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specifications achieve and exceed
desired results with minimum risk.

* Two-layer Paving Equipment

This construction procedure 1§
extensively used in Germany, France
and Austria. For example, équipment
used at the new Munich II Airport
paved, in one pass, a 14-cm (5.5-in)
granite aggregate top course and a
22-cm (9 in) lowef coursemade of lbeal
round gravel, fofming afi economical
36-cm (14-in) monolithic structure.
Dowel and tie bars were placed
between these layersipA'double
decker" slipform paver is available that
carl plage two Separate layers "wet on
ivet" to Torma monolithic structure.
Thetwo layersiare completely different
concrete mixtures.

* “Workability Meter

This'is used in France to control
workability of concrete. It consists of a
box with a swinging door that opens
up and lets concrete flow out
depending on its flowability.

* Lower Productivity Rates and
Higher Costs

Typical construction costs in Europe
appear to be about double those of the
USA. Of this higher cost, about 50
percent appears attributable to higher
structural design standards and the
balance to lower productivity from
both an equipment and labor
standpoint.
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e Short Construction Duration

Several examples of relatively fast-track
construction exist in Europe. A 17-km
(10.6-mi) project (11.25-m (37-ft) width),
which included crushing and recycling
the concrete pavement, was completed
in 26 weeks in Austria. The Basel
airport runway was reconstructed with
only one week of actual closure and
two weeks of replacing concrete slabs
at night and opening at 5 AM. Early
openings of slab replacements within
24 hours were reported in Vienna.

* Uncrowned Pavement Cross-
Slope Improves Ride

Nearly all European countries are
using an uncrowned straight cross-
slope. This is believed to provide
improved rideability.

reindorcement bar

Figure 2.9
position of reinforcement.

* Liquidated Damages = Incentives
Rate / Day

A project on the Al freeway in Austria
has a specified maximuiiconstruction
period with provisions that the damage
rate per day is equal to the-bohus rate
per day. The contractof felt that this
was fair and provided considerable
incentive.

e Re-bar Tubes Behind Vibrators
for CRCP

This proceduse illustrateéd in Figure 2.9
provided\an accurate’final position of
the reinforcement for a French project.
They believe they are able to meet a
specification of + 1.5 cm (0.6 in) by
putting the'tube at the end of the
liquid phase of the concrete.

vibrator

Position of tubes and vibrators used in France to place CRCP to improve



¢ Prevention of Sawing Residue from
Entering Joint

Germany and the Netherlands use a
long elastic band to plug the first deep
saw cut to keep residue from the
second joint sealant reservoir cutting
from infiltrating the crack. This is
considered important to keep
incompressibles out of the joint prior to
sealing.

* Lean Concrete Temporary
Widening for Traffic Control

This was used on the A10 autobahn
near Berlin to widen old concrete
pavement to carry 4 lanes of traffic
over an 8-month period. The 22-cm (9-
in) lean concrete will be recycled along
with the old concrete after the other
side of the highway is reconstridcted.

¢ Concrete Mixing

The concrete plants observediwere
compulsory mixing plants, and in
France, continuous mixing \plants. No
tilting drum mixers were seem), which is
virtually the only kind of mixer iiseddn
the USA. Drum mixers are common
but diécharge by pulling apart rather
than tilting.. Buropeans felt'that their
central‘miix plants pteduced higher-
quality concretel Further investigation
is needed todfind out whether or not
this belief 18 justified.

* Vibration

Two slipform pavers observed were
equipped with "T"-shaped vibrators.
The USA needs to investigate this type
of vibrator to determine its merits.
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Maintenance and Rehabilitation

¢+ Extensive Recycling of PCC and
Other Materials

Recycling of concrete is performed all
over Europe. Belgium recycles PCE
into LCB. Germany recycles' eoncrete
into LCB and the granular blanket.
Netherlands includes recycléd rubble
in LCB. Austria recycles old PEC into
new PCC and beliéves thab crushed
concrete provides coarsglaggregate of
very good quality. Td achieve low
cost, Austria permils some existing AC
overlay to be used in theaécycled
concrete. Franee has conducted several
suctessful recyeling projects since 1976
using crushéd concrete in new concrete
andhin the leani'concrete base.

» Unbonded CRCP and JPCP
Overlays (Some on Fractured
JPCP)

CRCP and jointed fiber-reinforced
unbonded overlays of concrete and
asphalt pavements are used often in
Belgium with good success. In
Germany, the existing concrete
pavement is fractured into pieces and a
10-cm (4-in) interlayer of either notched
lean concrete or AC material is placed
on top of the existing concrete
pavement. A JPCP overlay is then
placed with the same thickness as is
used for new design. Another German
option is to place a 6-mm-thick (0.2 in)
geotextile between the fractured old
concrete pavement and a slightly
thicker JPCP overlay.
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Austria has placed a JPCP unbonded
overlay over a thin AC separation layer
on top of fractured slab. France has
placed a lot of CRCP overlays over old
fractured JPCP. Typical design
includes the following features: 18-cm
(7-in) CRCP with 0.67 percent steel and
18-cm (7-in) lean plain concrete
shoulders with transverse joints at 6 m
(20 ft) placed on the fractured JPCP. A
longitudinal drain is placed along the
edge. The transverse cracks in the
CRCP were tight and the pavement
was in excellent condition. This CRCP
overlay is typical of several observed.

Spain has used roller-compacted
concrete (RCC) for overlays of

4.25m

(141t

pavements. An AC overlay is placed
on top of the RCC to provide good
rideability. Spain favors RCC for
overlays because it can be opened to
traffic very quickly.

e German Lane Reconstruction

The existing deteriorated traffic lIane,is
completely removed and a new JECEis
constructed ovema,porousiconcrete
base layer aiout 40 ¢ (161n) thick.
The new 26-cm (10:5-1n)JPCP is placed
directly on the g#orous ¢oncrete layer.
The riew lang is tied sefuirely to the old
traffic lane with defofmed reinforcing
bars. This cross-section is shown in
Eigure 2.10

25m
8 ft)

4.25m
(14 ft)

old concrete '
CTB &

22 cm (9 in)
15cm (6 in)

“ 0 < o O —O— B Jll s
0granula.rblanketl.ayer “ 3 o =0 0gr .o {&lj
- <49 >25% ~—W=-

Figure 210 German cross-section for lane reconstruction with porous concrete base.



¢ German Total Width
Reconstruction

In general, it appeared that Europeans
tended to reconstruct or resurface
rather than restore concrete pavement.
All of the existing pavement is
removed and a JPCP is placed on an
untreated permeable base course. This
base type is new for Germany;
however, this technique makes it
possible to use up to 100 percent
recycled material from the old
pavement. Slab thickness is increased
for this option over that used for the
normal lean concrete base.

¢ French Lane Reconstruction

Trapezoidal cross-sections have been
used on many freeway reconstructions
of one or two lanes. Typical thickness
is 26 cm (10.5 in) at the inside edge,to
29 cm (11.5 in) at the outside edge
across two lanes, a 0.75-m (2.5 ft)
widened traffic lane, a lean gbncrete
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base, and a cement-stabilized soil, as
shown in Figure 2.3. Longitudinal
subdrainage along the edge is used.
This design carried more than three
times the truck loadings thafi the
original traffic lane having the
conventional "California" design.

» CRCP Widening on AC Pavement
for Added Truck Lane

Several major prejects‘in Erance have
been completed/ where gither the outer
AC traffic lane was rémoved and
replaced with CRCI or a lane was
added by removal ofithe shoulder and
replacement with CKCP." A large
préportion of frucks use this outer lane
and due'toithe previous major
deterioration in this traffic lane it is
believed that the future will require a
very heavy structural design. One
project observed by the Study Tour
had a 31.5-cm (12.5-in) CRCP slab, as
shown in Figure 2.11.

Figure 2.11 CRCP truck lane addition to original AC pavement in France.




;
!
]
]

26

* Automatic Faulting Measurements

Faulting measurements taken directly
from the APL profile were shown to
the Study Tour. The extent of
transverse joint faulting was readily
observable and measurable.

* LCPC/Freyssinet Load Transfer
Devices

The French LCPC laboratories and
Freyssinet International have
developed a device to restore high load
transfer in the transverse joints of

undowelled JPCP. These undowelled
joints exhibit poor load transfer that
leads to faulting and slab cracking of
the original slab, plus deterioration of
reflection cracks of an € overlay.
These devices have been‘placed on
many sections of JPCP in France with
good success in restorifig load fransfer
from less than 50 pergent to over 90
percent. They have béen successfully
used prior to placement 0f a porous
asphalt surfdce to reduce reflégtion
cracking. A Freyssinet load transfer
joint or crack is@hown in Figure 2.12.
The device'cafries a wairanty.

Figure 2.12 LCPC/Freyssinet French load transfer device.




* Rehabilitation Programmed when
Pavement Condition is "Good"

It appeared to the Study Tour that far
less pavement deterioration is allowed
in European pavements before
rehabilitation is done than in the USA.
This was especially true for toll roads.
The Study Tour was very impressed
with the extent to which the toll road
companies are vitally concerned with
providing the highest-quality service to
users and are constantly seeking to
improve service levels.

» Fiberized PCC Overlay of
AC Pavement

Used successfully in Belgium for
several projects. One project observed
by the Study Tour had a 12-cm (5-in)
steel fiber-reinforced concrete gerlay,
placed over a badly rutted AC
pavement. A 10-m (33-ft) undowelled
joint spacing was used; however, curl
is considerable. The existing 22-¢m
(9-in) AC pavement was niilled 12 cm
(6 in) prior to placement of the 12-cm
(6-in) fiberized concréte overlay. The
pavement was in gxcellent condition
after four years. A'5-m (16.5-ft) joint
spacizigphas been built and worked
well.| Belgiuin, has construgted over
130,000 square meters (142,200 square
yards) of this t¥pe of ovérlay on
concrete and asphalt pavements.

s JPCP Overlays of AC Pavements

Several have'been built in France
starting in the 1970’s. They have
shown very good performance over
many years. Their typical slab
thickness was 21 to 25 cm (8.5 to 10 in),
4.5-m (14-ft) undowelled joint spacing
with 600 to 1000 trucks per day in one
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lane. The new JPCP overlay is placed
directly onto the old pavement, or onto
a leveling course of lean concrete.

* Performance of Overbariding of
Longitudinal Lane/Shoulder Joint
Seal Performance

The French used polymerized SBS
asphalt hot-poured joint sgalant in an
overbanding configuration between the
concrete traffic lafie and the AC
shoulder. This/Sealant#vas observed to
have performed very‘well in the 6
years singé constrction.

s Thin Polymerized"AC Layer for
Studded Tire Wear in Austria

Sfadded tires'cansed considerable
damage to older Austrian pavements,
resulting in ruts of 2 to 3 cm (0.9 to 1.2
in). Since Austria has a lot of rain,
somie type of rehabilitation had to be
performed. A thin polymerized
asphalt layer has been placed over the
truck lanes of many older concrete
pavements to fill in the studded tire
damage. This layer has a life of only
four to six years.

* French Pavement Evaluation

French research has developed several
types of pavement monitoring
equipment. The latest equipment
development is called the SIRANO
which measures profile, takes
continuous 35-mm film for a lane
width and determines macro-texture at
a speed of 72 km/hr (45 mi/hr). The
SIRANO successfully tested 5,500 km
(3,415 mi) in 1991.

The French also conduct a
comprehensive evaluation to determine
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the need for and design of pavement
rehabilitation. A policy of prevention
is encouraged, in which a rehabilitation
action is taken as soon as fatigue
cracking has initiated (i.e., before more
serious structural deterioration of the
slab and base occurs).

Concrete Materials
* Highly Durable Concrete Slabs

The Study Tour traveled extensively on
the European freeway system and did
not observe any concrete durability
problems. Discussions with engineers
in each country revealed that very few
durability problems exist. Some
examples that provide some possible
reasons for this are provided.

v 1930's German autobahns show no
durability problems after more than
50 years. This old concrete had the
following characteristics: lower traffic
during its early life, a 1€latively mild
climate, care in proportioning uniform
gradation mixes, 3-cm (1.2.111)
maximum size, high-quality, hard
aggregate in the top churse,
consolidation by vibration, a dry
concrete mix (water-cement ratio Jess
than 0.35), 2icday water curing,
protection ¢f concréle from sun and
wind with 21-da¥ tent ¢over, no
deicin@ salts used for many years, and
a thick granular layerbetween the slab
and the'Subgrade (except in areas
where a sand subgrade was present)
that‘prowided some bottom drainage.
A photo ¢fa1939 concrete pavement
on the German autobahn is shown in
Figure 2.13.

Figure 2.13 Photo of original 1939 concrete pavement on the German autobahn
approaching Berlin from Munich.



v Germany has a quality testing
program to achieve durable
aggregates, correct gradation of
aggregates, and a good air void
system. The air void system is
determined during construction using
the Danish meter for fresh concrete to
determine the air void content and
void system. Tests are conducted the
first day of production and again if
there is any doubt as to air void
system. The tent cover for a two-hour
minimum (7 days at the Munich II
Airport project) provides surface
protection for early curing.

v Swiss quality control program for
concrete durability. The measurement
of the total content of air voids of the
fresh concrete was not sufficient for the
evaluation of frost and chloride
durability in Switzerland. Onl¢§ an
appropriate testing method appliedito
the hardened concrete can give
pertinent information. Rapid and
practical procedures were déveloped to
examine the hardened confrete. The
microscopic control of contrete is
carried out on thin sgefions‘made from
a concrete core spétiliien impreghated
with a special fluorescent dye and
examinethunder the migfascope in
transmitted ulfraviolet light:

Laboratory testS are conducted a few
months befefe the project begins.
Aggregates are submitted to quality
tests. Several concrete mixes are
prepared at the laboratory to work out
a mix design of high durability with a
good air void system (size, quantity
and distribution in the cement paste
are measured).
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Trial run tests take place two to three
weeks before construction to evaluate
the batching, mixing plant, and
placement equipment to test the
suitability of the mix designffrom the
laboratory under in situ condifions.
The concrete is mixed, hauled and
placed in two or three trial£labs.
Several test cores are obtained and
tested, and the results are ¢ompared to
those obtained in the laboratoty. Any
needed adjustmesits to theymixor
construction process are made.

During thé first few days of
construction, cores areptal®n from the
pavement and tested. A microscopic
analysisyis again conducted to ensure
fhat the hardened concrete maintains
the proper air void system. These
resuliiare available within 36 hours
after the concrete is placed. If the air
void system is inadequate, a rapid-
cycdlefreeze-thaw test is conducted on
one of the cores (Dobrolubov-Romer).
If the air void system is inadequate, the
surface of the concrete is impregnated
with an agent. These quality control
procedures have led to the elimination
of frost-salt durability problems in
concrete pavements in Switzerland.

Not many concrete pavement projects
are constructed; however, when they
are a comprehensive preparation is
accomplished. This amount of
preparation would increase our costs
greatly in the USA.

v Austria has very durable concrete
with no significant problems even in
a harsh climate. Pavements built in
early 1950’s showed no durability
problems.
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v France requires the proportioning
of aggregate to achieve minimum void
content.

* Blended Cement and Concrete
Mixtures in Spain

Spain uses concrete containing crushed
limestone as the coarse aggregate,
which has proven to yield low
shrinkage and good flexural strength
and facilitates joint sawing. The
requirement that at least 30 percent of
the fine aggregate be composed of
siliceous particles has resulted in
pavements without friction problems
associated with texture wear. Concrete
must attain a flexural strength at 28
days of 4.5 MPa (640 psi) from a
third-point loading test. Blended
cement containing flyash (blending
must be done at the plant)is usgd in
the concrete (38 percent flyash) ‘and
lean concrete base (50 percentflyash).
A large cost reduction was.obtainéd by
the government for thése blended
cements for use in pavements! The
water/ cement ratio 18 between 0.44 and
0.50, slump is between 2,and 4 cin (0.8
and 1.6 in), dnd plasticizerSyare used in
drier mixes.

*\ Lean Cencrete in Spain

Lean coricrete or cement-treated bases
mugt iave a minimum compressive
strength of 8 MPa (1160 psi) at seven
days; ok alternatively not less than 12
MPa (1740 psi) at 90 days for slower-
strength-gaining mixtures.

* Steel-fiber Reinforced PCC

Belgium has built 12 or more projects
as previously described. They mclude
5-cm-long (2 mg steel fibers (30 kg/m?>
(50 pounds/yd”) steel) and,performed
well: no cracks were observed in the
long slabs (10 m (33 ff) joint spacing).
Shorter slabs are recommended.

» Higher-strength Concrete in Slabs

Some countries, particularly Belgium,
use much highei-strength concrete than
the TSA. Belglum uses a high cement
content (400 kghm?(674 pounds/yd?))
which produces a strong, dense
concrete having a minimum
compressive strength of 55 MPa (7975
psi) and a‘mean strength of about 70
MPa (10,150 psi) at 90 days. No
ireeze-thaw or any other durability
problems exist. The high cement
content helps reduce surface wear also.
Austria has 28-day flexural strengths
ranging from 6.5 to 9.5 MPa (942 to
1378 psi) with mean of 7.5 MPa (1087
psi) and Italy has a mean 28-day
flexural strength of 8.3 MPa (1203 psi)
and a mean compressive strength of
56.5 MPa (8193 psi).

s Lean Concrete Used for Shoulders
or Emergency Lane

A French project had tied lean concrete
shoulders that appeared to perform
very well. This design reduced costs.



¢ Thick Porous Concrete Slab

Some countries are developing this
design, such as the Netherlands and
France where it is defined as a porous
concrete base surfaced with a free-
draining concrete layer, having a total
thickness of 40 cm (16 in). These
pavements substantially reduce traffic
noises and act as storm runoff
reservoirs in urban areas. These
pavements must be maintained to
prevent clogging.

* Lower-Quality Aggregates in
Concrete Slab with AC Overlay

France uses lower-quality local
aggregates in concrete pavements for
which an AC overlay is also to be
placed during construction. This
reduces overall pavement costs(in areas
where only poor aggregates exist,
There is little freeze-thaw cycling 1n
these areas.

* Recycled PCC Including Recycled
Asphalt Concrete (RAF) Material

Austria has condufted laboratorijptests
and several large field projects where
the ol @encrete slabs ‘with AC
overlays Tiave'been recycled,back into
regular concrete for pavement.
Recycled ¢ong@le pieces are being
used as thefoarse aggregate and the
sand fraction used in cement
stabilization of the existing granular
subbase. The erushed concrete
particles may contain up to 20 percent
RAP particles without impairing the
quality of the new concrete. However,
only about 6 percent AC content is
generally used because greater
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amounts of RAP require larger
amounts of cement and this becomes
uneconomical. Recycling concrete with
asphalt provides a more economical
mixture and a way to reusgfRAP
overlay material.

Surfacings

* Emphasis on Reduction of
Tire/Pavement Noise and Vibration

Many concrete pavemeiils were
textured with transvéise coarse tining
that was very good for friction and
hydroplaning but'‘¢aiseddonsiderable
road noise and vibrations. This
technigue is no\longer used.

«_ Longitudinal Light Texturing for
Noise Reduction on New Pavement

InGermany, significant noise
reductions were achieved by creating a
lightly rough longitudinal texture,
using a burlap drag, a longitudinal
smoother, and smaller top-sized
aggregates. This produces a noise level
about the same as that of a porous AC
surface after a year. In Spain,
low-noise surfacings are obtained using
a combination of longitudinal brush
and comb, achieving both a
microtexture (with the brush) and a
macrotexture (with the comb).

s Porous AC Surface for Noise
Reduction of New or Existing
Pavement

Many countries have used porous AC
surfaces for old and new concrete
pavements. It has some significant

- advantages and disadvantages. The
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advantages of this design are the
following: it eliminates hydroplaning,
eliminates tire spray, gives good
friction resistance, has low tire/
pavement noise emission, gives a
smooth ride, does not have reflection
cracks, and waterproofs cracks in
CRCP. Its limitations include a
significant decline in the noise-reducing
effect over time as the layer fills with
materials, a relatively short life, and
higher deicing salt requirements to
prevent icing. Unsafe conditions can
develop when icing cannot be
prevented completely.

s Porous Concrete Surface for Noise
Reduction on New Pavement

The Netherlands (see Figure 2.14) and
France have constructéd porous
concrete surfaces on newly gonstructed
concrete pavements that give
significant reduction il noise levels.
The porous concrete surface has many
of the advantages and disadvantages
listed for poroussAC sutfages, but this
technique ig(still under developmient.

Figure 2.14 Photo of porous concrete surfacing placed on JPCP in Netherlands.



* Exposed Aggregate Surface for
Noise Reduction on New Pavement

A surface texture with low rolling
noise and low vehicle vibration but
high friction is achieved through a
technique for chemically exposing
aggregate. This technique is used
extensively in several countries,
including Belgium, Austria, the
Netherlands, and France. In Belgium,
after the paver passes, the surface is
immediately sprayed with a retarder
which penetrates several millimeters
into the mortar. A polyethylene sheet
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is then placed over the surface. This
serves to protect the retarder from the
effects of inclement weather and to
protect the effectiveness up to the
moment when the retardedSurface
mortar is removed through speeial
wire brushing after 24 to 72 hours:
The aggregate at the surfagé is then
exposed and has the desiréd surface
texture to reduce rolling noise and
vehicle vibration. The surfaceshas
about the same rélling noise
characteristics a8 poroué asphalt after
one year. A photo of 4n exposed
aggregate Surface is shownin

Figure 2.15.

Figure 2.15 Photo of an exposed aggregate surface in France.
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In Austria and France, the exposed
aggregate technique is similar,
however, a major difference is that in
Austria the slab is placed in two layers
so that the top layer can contain a high
quality, smaller aggregate (maximum
size 7 to 8 mm (0.27 to 0.31 in)) to
maximize noise reduction. The two-
layer method is used in Austria
because the aggregates that are
resistant to wear and polishing are
expensive. The exposed aggregate
surface also provides a high level of
friction resistance.

* Diamond Grinding Surface for
Noise Reduction on New or
Existing Pavement

This is used very successfully in
Belgium to reduce noise over the
original coarse cross tining Mt is 4lSo
used in the Netherlands to réduce
noise over original transverse brush
texture.

* Surface Layer of Epoxy/Aggregate
for Noise Reduction on Existing
Pavement

The Netherland$ tises an epoXy resin
Winder applied to'a hardened concrete
surface, followed by'a layer of crushed
3- 10 4-mm (0.12=.t0 0.15-in) chromium
ore slag (Wrand name Durop) and
surfacedoiling to produce a mosaic-like
structute. The Durop surface treatment
achieves large noise reduction relative
to the original brushed concrete
surface. "This treatment is comparable
to porous asphalt.

* French Double Surface Treatment
for Existing Pavement

A thin surface called a double layer is
placed to improve the ideability of
existing pavements. TheSusface
treatment consists of a spray of
polymerized asphalt onl the concrete
surface, a layer of 1.44¢m (0.55 in)
chips, and then a layel of 1-cm (0.4-in)
chips placed with.no compaction,

e Overall Evaluation of, Surfacings

Figuré 2.16 shows a plot of noise
emission versus wehigle speed for old
concrete Surface (Cross-tined), burlap
diag, and exposed aggregate as
measured in Austria. These and other
data show'that old concrete has the
highest noise emission level, and the
other treatments including porous
asphalt, exposed aggregate and
epoxy/fine aggregate surface dressing
are very similar.

Research and Development

The Study Tour was very impressed
with the pavement research programs
underway in most of the countries
visited. Particularly impressive also
was the very close working
relationships that existed between
public and private agencies.

* Close Government and Industry
Relationships

v In Belgium, close cooperation exists
between government and industry.
The development of the exposed
aggregate surface is an example.
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Figure 2.16 Measured noise emissions for various surfacingsin Austria.

v In Germany, Austria and the
Netherlands, close cooperation exists
between public and private
organizations.

v The French national research study
on concrete pavements appedrs ta be
an ideal example of the cldse
cooperation between publi¢ and
private organizations! Private
organizations add finding to Some.of
these studies that they consider very
imporfant, The great benefit of this
appeals to be @onsiderable innovation
and results that actually get'used on
the French highivay system because all
concerned weére involved in its
development.

* Accelerated Field Testing of
Concrete Pavements

The French LCPC/Nantes circular test
track shown in Figure 2.17 is an
excellent tool for accelerated testing of

conerete pavement designs. The test
track is part of the national research
project in, concrete pavements. The
Stady Tour observed the large test
trackin operation and saw some of the
early results obtained. One million
loads per month can be placed on the
concrete pavements.

¢ Higher R & D budgets than USA

It appears that in most European
countries the research effort underway
was substantial. For example, the
German cement institute has 4 times
the budget of the USA’s Portland
Cement Association (PCA) and
American Concrete Pavement
Association (ACPA) combined.
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Figure 2.17 “French LCPC/Nantes'circular test track.

= Willingness and Eagérriess to Try
New Ideas

Europe has a vefy strong)commitment
to research anfldevelopmenityto
improve concreté pavements.
@Gerimany has contifitied to improve its
concrete pavement designs over many
years through résearch'studies carried
out by gafernment agencies and
universities. The Netherlands is very
willing to try new ideas and fully
develop them until they work.

In France, tremendous energy goes into
identifying and developing new and
innovative ideas. One comment was
that "the maintenance and growth of
the competitiveness of concrete-based

road techniques depends on constant
innovation, the result of a partnership
between the industry and operating
authorities."

¢ Designated Percent of Construction
forR & D

In Belgium, 0.8 percent of all
construction projects goes to support
research studies.

* A Global View: Exporting
Technology by Licensing
R & D Products

The French hold this point of view
very strongly. Many developments by
the French national laboratory LCPC



are subsequently licensed for
commercial use. Many products are
jointly funded and developed.

* Implementation of Research

Dr. Sommer of the Austrian Cement
Research Institute stated that
implementation requires more effort
than the original research. He believes
that the researcher should guide the
field implementation until the
procedure is developed. This is an
interesting concept which would
develop a partnership between
research and operations that is needed
for implementation.

Engineering Expertise

Solid groups of experienced pavement
engineers exist in most of the cOuntrieé
visited. It appears that it is the general
practice for individuals to make their
career in pavement engineering, The
Belgium Road Research Cenfer hias an
engineering group with many years of
pavement engineering _experience. The
Technical University ©0f Munich has a
group of faculty add researchers that
have worked in paveémient research for
manyyeats and are at'the forefront of
pavement teclinelogy.

The French LCPC and SETRA have
many experi€nced pavement engineers
with careets dedicated to pavements.
All French engineers in public works
graduate from the same university.
The French are clearly not satisfied
with the status quo in pavement
engineering. The French program of
cooperative research was ve
impressive to the Study Tour.
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Many of these engineers have the
ability to travel to international
conferences and serve on international
committees (e.g., PIARC and TRB).

Toll Road Financing and Engitieering

The Study Tour was very iipressed
with the French toll road ¢ompanies
(COFIROUTE and SAPRR}). France has
depended heavily upen toll'fihancing
for the developmént of their rural
motorway systefi. Cunfently, toll rates
are about 11 cents pef iile or about 50
percent higher than the USA average
toll rate.

Thépawements were in very good
¢ondition and, COFIROUTE and
SAPRR appeared to make efforts to
provide exceptional service to highway
users. Feedback from users was
obtained Continually and was used to
improve service levels. The toll
agencies seek constant feedback from
motorists on pavement condition,
safety, and various service area aspects.

Therefore, they choose their pavement
designs based on both cost and quality-
of-service considerations. High-quality
pavements mean a smooth, low-noise
surface and a safe ride. Adequate
funds are available to maintain these
pavements in a very good condition
and to construct pavements that will
provide a long service life with low
maintenance. These pavements are
maintained in a better condition than
pavements which are not on toll roads.
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2.2 Implementation of Promising
Technology in USA

The mission of the Study Tour includes
the development of appropriate
recommended actions for enhancing
our nation’s highway system,
productivity and economic future.
Those technologies and ideas that may
show promise for implementation are
summarized in this section.

* Design-related Technology

v CRCP/Dowelled JPCP: Use a long
design life (30-50 years) for heavily
trafficked highways, especially near
or in urban areas. Future disruption
of traffic will increase congestion and
accidents. Concrete mixtures can be
designed and constructed with durable
characteristics to last even{longerdhait
this time period. Note that'this
recommendation is also given'ifi the
1986 AASHTO Design Guide forwtban
areas.

v JPCP/CRCP: Conftinue to refine
procedures for fetermining long-ferm
increases in #uck volumespaxlé loads,
tire pressures and use of super single
fites,in pavement design. Within this
decade the USA is likely to experience
the types of triiek loadings now seen
on Europé's highways.

v/ JPCP/CRCP: Emphasis should be
on the iotal pavement system, not just
the thickness of the concrete slab.
Concrete pavement design in the USA
seems to focus on the slab thickness,
which, based upon observations of
European pavements, is not the most
effective design. Actually, the facts

show that concrete pavement slabs
being built in Europe today are not
thicker than in the USA. However,
they do have several design features
which more than adjust fer the need
for thicker slabs, including the
following: thicker and mate durable
bases and subbases, bofiding of treated
bases to the slab, inteflayers to prevent
erosion, doweled joints clustered in
wheel paths, widened traffic lanes, tied
concrete shodlders, subdrainage and
higher con¢rete stréngth,

v JPCE: Unigue German concrete
pavement desigihs,T1is jointed plain
doweled concrete pavements design
has proven to give excellent
performance in Germany for many
years. 1his design should be tested in
the USA to determine its cost,
constructibility and performance.
Actually, some pavements in the USA
have many of the same design features
as the German design and have
performed well. However it is the
details (such as the bonding of the slab
to the lean concrete base after jointing
the base) that often make or break the
success of a design.

v JPCP/CRCP: Thick granular layer
on subgrade beneath treated base.
This layer has the following
characteristics: 30-cm (12-in) thickness
or greater depending upon subgrade
soil stability, adequate thickness to
protect against frost heave, and limited
fines content to allow for some
drainage through the layer. The
philosophy in several European
countries is that this layer should
provide a certain minimum level of
support that is the same for all



pavement types (a field bearing test is
used to determine adequacy). This
plate bearing test is not exactly the
same as the conventional test used in
the USA. The minimum required
modulus of elasticity as measured on
top of the granular layer appears to
require very good support on which
the lean concrete base or CTB is
constructed.

v JPCP/CRCP: Catalog of designs.
The design catalog has achieved
widespread popularity in Europe,
probably for at least three main
reasons. First is the improved
communication of specific pavement
designs to management, contractors,
and agency construction personnel.
Second, the designs in the catalog are
often the result of a combination of
both theoretical analyses using
sophisticated procedures and
programs, and engineering and
construction experience. Third, the
design catalog can be easily nfodified.

Another reason, especially valuable for
concrete pavements, ig' that all of the
details of the specifi€cross-sectioniean
be provided including all transverse
and longitudinal joints, 10ad transfer, .
reinforcément, fie,bars, drainage,
shouldets, etc. to rediige the potential
of errors in consfuiction.. The exact
type of catalog and its format for
successful uge in the USA must be
carefully planned. Such a catalog
would help all involved in pavements
to focus on the'best practices.
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v JPCP/CRCP: Provide adequate full-
width concrete and base paving
thickness for future traffic control
needs during rehabilitation of
pavement or bridges or emefgencies.
Change the terminology from '
"shoulder" to "emergency lane” to
reflect this design philosophyt

v JPCP/CRCP: Use widened truck
lanes. The advantages,of widening
truck lanes by appfoximately 0.5'm
(1.6 ft) include gréatly reduicedqedge
stresses to almost interior loading
levels. This@educes fransverge
cracking and teduces comef deflections
which, cause erosion, faulting, and
diagtnal/eornex cracks. The best
stfictural design is to have both a
widened traffic Jane and an adjacent
tied canerete shoulder/emergency lane.
Nete that the paint strip must be
placed 0.5'm (1.6 ft) from the edge of
the slab to achieve the benefits of
reducing critical edge loads by trucks.

v JPCP: Joint designs to improve
performance. Several transverse joint
design improvements are described
below. o

w Notch or joint and then bond the
lean concrete or cement-stabilized base
to the JPCP slab. The bonding of these
layers provides a thick monolithic slab,
which decreases flexural edge stresses, -
deflections, thermal curling, moisture
warping and interlayer erosion leading
to faulting,.

= Varying dowel placement across
traffic lane to concentrate on heavy
truck wheelpaths to reduce costs.
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w Short (5-m (16.5-ft)) joint spacing
used for JPCP over treated bases.

w Required use of dowel bars to
control faulting for heavy traffic.
(These are already used by most
agencies in the USA.)

w Plastic coating on dowels and center
third of deformed tie bars, as done in
Germany. Epoxy-coated dowels are
used extensively in the USA; however,
the plastic coating used in Germany
appeared to be quite substantial.

v CRCP: Longitudinal reinforcement.
CRCP has performed extremely wellin
Europe (Belgium, Spain, France) for
many years and has been built recently
in several other countries. Some
reasons for its good performance;

2 Increased steel (0.85 percent) has
given excellent long-term performance
on many projects in Belgimm and a few
projects in France (0,72 percent) and
Spain (0.73 to 0.85 percent).

s Steel placed closer o the surface
will hold créeks tighter andpgreatly
reduce punchoub development. This is
thepexperience of Buropean engineers
and experimental sections in the USA
fiave shown the,same results.

| Réctangular, coilable steel strips
(product name FLEXARM) should be
tested in the USA to assess their
advantages and performance. The steel
percentage must be carefully designed
for USA conditions.

v JPCP/CRCP: Two-layer slab
construction. This is an economical
design, especially where either a
longitudinal brush texture or exposed
aggregate surface is desired and
suitable hard aggregates‘are very
expensive, or where localiaggregates
are too soft to be used for the'sarface
layer. The water/cefient ratios ‘@fithe
two layers must be equal.

v JPCP/CRCP: AC Jayer bebween the
concrete ¢lab and a treated base if
notching 08 jointing is not done. The
purpose of this layer is to reduce
erosion betweenithe slab and treated
base. This has been tried in the USA
ifhat least one State and stripping of
the"AGylayer occurred. However, more
effective anti-stripping tests and
temedies are now available. This
alternative deserves consideration by
agencies unwilling to notch and bond
lean concrete bases to the slab.

v JPCP/CRCP: Trapezoidal cross-
section. This design has had
widespread use in two countries. It
basically provides, for the same cost,
an additional safety factor for
structural fatigue. For example, if a
four-lane divided freeway pavement
design requires a 25-cm (10 in) slab
thickness for the outer lane, providing
a slab that varies from 22 mm to 28 cm
(9 to 11 in) from the edge of the inner
lane to the edge of the outer lane
would provide considerably more
structural reliability at the thickened
longitudinal edge (28 versus 25 cm (11
versus 10 in)). The lanes must, of
course, have adequate tie bars to hold
the slabs together tightly and maintain
good aggregate interlock.



v JPCP/CRCP: Geotextile drainage
fabric between slab and base. The
performance of this interesting design
is not documented yet. This was being
placed in France between the CRCP
and the existing dense aggregate
subbase of an old AC pavement. The
thick fabric is supposed to provide
both a filter to inhibit fines movement
and a permeable layer to remove
moisture.

v JPCP/CRCP: Porous concrete base
under shoulder. This alternative
seems to be very practical and useful
to help drain the pavement section.
An appropriate drainage system must
exist for the porous layer.

v JPCP/CRCP: Longitudinal edge
drains connected to closed drainage
system. This German system ofédrains
provided for both surface water and
subsurface water drainage.

v JPCP/CRCP: Ditch line adninifhum
of one meter from the bottoin of the
base. This design should rgduce the
amount of water in the base layer and
at the top of the subbase.

v JPCP/CRCP: Solutions for bridge
approaches. Two interesting solutions
to the problems of éxeessive pavement
end movement dnd settlefivents at
bridges weredbserved.

w End lug'io protect structure and AC
transition surface layer that can be
easily leveled up.

w Paving directly over the bridge deck
where the bridge is designed for the
extra dead load.
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* Construction-related Technology

v Warranties for pavement
construction work. While warranties
ranging from one to nine years are
being used in Europe for various
aspects of pavement construction,ithere
was not adequate information available
to assess their impact. Mugh more
specific information is needed about
the details of these warranties,
Implementation ofWarranties would
need a long phage-in period in the
USA.

v Construct straight cross(slope with
no crown across trafficlanes. This
techfiigue should provide improved
rideabilityinA 2.5-percent slope, used
in Europe, may improve surface
drainage also.

« JLiquidated damages = Incentives
rate per day for a given construction
project time limitation. Contractors
felt that this was a fair specification.

v Prevention of joint reservoir
sawing residue from entering joint.
The practice of using a long rubber
band stretched across the joint and
squeezed into the first narrow cut
appeared to be simple and effective.

v Two-layer paving equipment.
Paving equipment capable of placing
two separate concrete mixes with a
single pass is available.

v Re-bar tubes placed behind
vibrators for CRCP. This should
improve positioning of bars, but needs
further study.
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v Lean concrete used for temporary
widening for traffic control. The
Berlin A10 project included a lean
concrete traffic lane placed adjacent to
the existing old concrete pavement to
increase the number of traffic lanes
during construction. This lane was
ultimately recycled along with the rest
of the adjacent older concrete after
fulfilling its purpose. This technique
may be cost-effective on some projects.

¢ Maintenance and Rehabilitation
Related Technology

v Unbonded CRCP and JPCP
concrete overlays of existing concrete
pavements. Designs included
fracturing the existing concrete (pieces
less than 0.5 m (1.6 ft)) and placing an
interlayer of one of the following: thin
AC, lean concrete, or thigkgeotekiile
fabric. Excellent performance was
achieved in several countries.

v JPCP and Fiberized concrete
overlays of existing/AC pavements.
This is potentially a\cost-effective long-
term solution for badly\cracked or
rutted AC pavements. “ConstruClion
procedures aré tandard tor JPCP and
performance has been good. Fibrous
concrefeoverlays of AC pavements
have workedhwell in Belgium.

v ‘Complete recycling of concrete and
other materials on the job site. This
requirément may become standard
practice in densely populated areas of
the USA, as it currently is in some
European countries due to
environmental concerns (shortage of
landfill space, etc.)

v Rehabilitate pavements at a higher
condition level. European agencies
appear to rehabilitate pavements at
higher levels of condition than USA
agencies. This may hdue significant
user-related, economic, ‘and structural
benefits for the infrastructure over the
long run.

v Lane reconstruction designs.| The
French and German designs are/quite
different buf both have somiewery
interesting featureé that should be of
interest in the WSA. Lane
recofistructiofs would be useful on
many USA pavements where only the
outer one or two lanes are badly
deteriorated.

v Lanereplacement or addition for
AC pavements. Replacement of an
existing deteriorated AC pavement
outer truck lane with concrete or
construction of an additional outer lane
with concrete pavement to serve heavy
truck traffic has worked well in France
and has applicability in the USA.

vFrench LCPC/Freyssinet load
transverse devices. Extensive research
shows that this device is effective in
restoring load transfer. The cost-
effectiveness is unknown.

* Concrete Materials-Related
Technology

v Improved concrete quality control
for durability. The absence of concrete
durability problems in Europe speaks
for itself in comparison to the many
durability problems from "D" cracking,
ASR and freeze-thaw spalling in the
USA. Further investigation is needed



of the specific QC programs in various
countries such as Germany, Austria
and Switzerland which have colder
climates. Rapid determination (within
an hour) of the air void system using
fresh concrete in Germany (using the
Denmark equipment) was impressive,
as well as Switzerland’s determination
of the air void system in hardened
concrete from cores in 36 hours.

v Higher-strength concrete for
pavements. Several European
countries are routinely specifying
higher-strength concrete. Belgium
specifies a minimum compressive
strength minimum of 55 MPa (7975
psi). This results in a typical mean of
70 MPa (10,150 psi) at 90 days. Typical
flexural strengths have a mean of 7.5
MPa (1,087 psi) in third-point loading
at 28 days. The extremely goodl, long-
term performance of these concrete
pavements is due in part to their high
strength.

v Thick porous concrete/slab. A
French technological forecasting
committee concluded that'a free-
draining surface would be a‘major.
improvement due 10 its noise
redugfien, elimination 0f hydroplaning
and storm rlinoff reservoincapabilities.
At least one stréetthas been built in
Paris having aporous slab about 40 cm
(16 in) thiek! Further research is
needed.

v Recycling concrete that includes
AC material” This technique would
reduce the cost of recycling concrete
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back into concrete, particularly where
an AC overlay exists over a concrete
slab. Extensive research in Austria
shows that a limited amount of AC is
not detrimental to a concrete mixture.
A few recycling projects confaining AC
particles have been completed iihthe
USA. >

v Lean concrete used for shoulders
(or emergency lanes) and 1ane
widening duringdraffiécontioly,Tliere
many be severdl innovative uses for
lower-strengthiand léwer-d0st concrete.

v Fibrous PCC (steel fibérs). The thin
fibrous concrete overlay of a rutted AC
pavément in Belgium was impressive.
Some of these have been built in the
USA also.

* Surfacings-Related Technology

v_bongitudinal light texturing for
noise reduction. Several different
longitudinal methods are being used
that significantly reduce noise levels
yet still provide adequate friction.

w Longitudinal texturing produced
with a burlap drag and smaller top-
sized aggregates produce low noise
levels in Germany. :

w Longitudinal texturing produced by
a combination of brush and comb
achieves both microtexture and
macrotexture (initial grooves were 0.7
to 1 mm (0.027 to 0.039 in) deep),
which produces low noise levels in

Spain.
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v Porous surfacings. These surfaces
produce the lowest noise levels, give a
smooth ride, eliminate splash and
hydroplaning, and provide good
friction capabilities, but their life is
short and they clog with fines.

= Porous AC surface (with polymer) 4
cm (1.6 in) thick. Many countries have
used a porous AC surface for old and
new concrete pavements. It has some
significant disadvantages such as
clogging, poor durability and black ice
formation in winter.

s# Porous concrete (with polymer)
surface 4 cm (1.6 in) thick. This has
been built in at least two countries. It
also has the same clogging problem as
the porous AC surface but may have a
longer life.

v Exposed aggregate surfaces A
surface texture with low rolling noise
and low vehicle vibration but high
friction is achieved through'the
chemically exposed aggregate
technique. This surfagé has been
shown to have aflong life. It can be
accomplished most economiicallysing
a two-layer slab with smallerfiard
aggregates in the‘ipper layer or a hard
aggregaiimof somewhat smaller
maximunt gizésthrough the full slab
depth.

v Diamond grinding surface for
noise reduction (existing pavement).
Longitudinal grinding reduces noise.

v Surface layer of epoxy/fine grained
aggregate for noise reduction (existing
pavement). An epoxy resin binder is

applied to a hardened concrete surface,

followed by a layer of crushed 3- to
4-mm (0.12- to 0.16-in) chromium ore
slag, and the surface is then rolled to
produce a mosaic-like structure with a
low noise level.

v French double surface treatment
(existing pavement). A(thin surface
consists of a spray of polymerized
asphalt on the concrete surface, a layer .
of 1.4-cm (0.55-in) chips, and then/'a
layer of 1-cmd(0.4"1n) chips placéd with
no compaction. Thi§ surface treatment
reduces noise sigfiificaritly.

* Research andyPevélopment Related
Technology

v Closer government and industry
cooperation. 'It is obvious that Europe
benefits greatly from close cooperation
between public and private
organizations. Cooperation is growing
in the USA. The existence of close
working relationships among industry,
State, and Federal officials is one of the
reasons why this tour took place.
Institutionally, the USA needs to keep
the momentum going by supporting
activities such as the AASHTO-
ARTBA-AGC Joint Task Force;
industry involvement in research and
technology advisory efforts with TRB,
NCHRP, and FHWA Technical
Working Groups and Expert Task
Groups; the University Transportation
Centers; and expanded partnerships in
research agreements through
implementation of the Stevenson-
Wydler Technology Innovation Act of
1980 (ISTEA Sec 6001).



The great benefit of close interaction
between groups appears to be
considerable innovation and practical
results that actually get used on the
highways because all concerned were
involved in their development and
have a stake in their success.

v Construction of selected European
concrete pavement designs in the
USA to evaluate constructibility, costs,
and performance. Several highly
promising candidates are available.
Note that different surfacings could be
tested for any of these designs. The
design and construction of several
innovative European sections is
recommended.

w The German design for JPCP has
provided many years of excellent
performance. The constructionf the
German section in Michigan is fully
supported and should lead to special
attention to increase foundation
support.

w The Belgian design for CRCP (with
the higher steel contefit)*has performed
for over 20 years under heavy traffic
with no punchouts.

v The Frenchyptrapezoidal ERCP or
JPCP design (one omtwo layers) has
been used extenfively fomene- to two-
lane replacenfents with good success.

v The Austrian JPCP design with two
layers is being constructed on many
heavily trafficked highways.

The SHRP SPS-2 effort might be
employed for at least some projects.
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v Accelerated field testing of concrete
pavements. The French LCPC/Nantes
circular test track is currently testing a
variety of concrete slab designs. It is
recommended that a task grgup be
formed to determine the USAtneeds in
accelerated performance testing of
concrete pavements. After thie testing
needs have been identified; the task
group should develop a proposal
outlining the requirements and
procedures requirel 1o meet these
needs.

v Increasefl R & B budgets for
pavements.| Most Eiirepeafl Countries
appear to be'gonductinig more
pavémient reseaich than the USA, as a
percentage of total funding spent on
the highway network. The Strategic
Highway Research Program (SHRP)
was a tegent step forward to increased
funding for pavement-related R & D,
and how the new 1991 highway bill
(ISTEA) provides additional R & D for
highway research. The increased
expenditures for R & D through ISTEA
in both HP & R funding and in the
NCHRP program are also very positive
movements. This trend towards
increased funding for highway Ré&D
needs to continue. It would behoove
the pavement-related industries to
make a very strong case for the needs
and the benefits of pavement research
in order to obtain a fair share of this
funding. While much of the funding is
related to federal investment, more
private sector funding, industry
partnerships and implementation of the
previously mentioned Stevenson-
Wydler Technology Innovation Act of
1980 (ISTEA Sec 6001) can help stretch
the funds.
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v Innovation, willingness, and
eagerness to try new ideas. State and
local highway agencies are
complemented on their increased
commitment to research and
development in improving concrete
pavements as are similar organizations
in Europe. In addition, an increased
effort needs to be made in the USA for
innovation in all aspects of pavement
engineering as is being done in
countries like France.

v Global view: exporting technology
by licensing R & D products. The
French hold this point of view very
strongly. Many developments by the
French national LCPC laboratory aré
subsequently licensed for commercial
usage. Many products are jointly
funded and developed. FHWA's
recent opening of foreign{éxchange
programs with Europe and Asia are to
be complemented. The joining of
PIARC, especially, is much appréciated.
To help the American£conomy, we
must continue to deyelop a global view
of the enormous bengfits in developing
improved pavefnent designs,
constructiong@pecificationshand
techniques, equipment, maintenance
and, rehabilitation designs and
especially, improved materials.

v/ Implefmentationvof research. It
must bé realized that the level of effort
needed to implement any procedure or
product developed under a research
study I8 significant, and may be several
times miore than the original research
study. The researcher should guide
the field implementation along with a
team of engineers from operations and
industry until the procedure or product

is working as intended. This concept
could help develop a partnership
between research and operations that is
needed for successful implementation.
The increased funding{dnd recent
reorganization of FHWA S office of
Technology Applications is awery
positive step forwardas'is FEIWA's
general direction toward a more
technology-centered miission.

* Improving Engineering Expertise

With the ¢ompléx changes that have
occufred in pavement engineering --
rehabilitation Strategies, new materials,
life-cycle costs, user costs, weigh-in-
motion data, remaining life concepts,
increased and varied truck traffic, and
now feedback from pavement
management systems -- it is obvious
that the education of the country’s next
generation of pavement engineer needs
to be restructured. Needs include:

v Improved pavement engineering
education in colleges and universities.

v/ Additional short courses in all
aspects of pavement engineering for -
practicing engineers and construction
and maintenance personnel.

v Increased priority in public and
private organizations for training their
staff in pavement engineering and
construction.

v Increased interaction of pavement
engineers and construction personnel,
within States, regionally, and
nationally. Additional travel funds
must be made available for this
important activity.



v Establish at the national level a
focal point for collecting information
about developments in the USA and
other nations in pavement technology,
and distributing the information to
pavement engineers, researchers, and
the construction industry. This effort
should include and could be based
upon the continuing SHRP effort, and
should include a broad-based advisory
board.

2.3 Benefits to the USA of
Implementing Some Innovative
Technology

Looking for a moment at the BIG
broad picture of the nation in the
context of what the Study Tour
experienced in Europe, the following
thoughts about the benefits of
implementing the above :
recommendations emerged from the
Study Tour participants.

s Improved pavements will result in
fewer lane closures for pavement
repairs: reducing congestion and its
associated problemsd(ie., wasted time,
delivery delays, agcidents, ait pollution,
and fuel consumption).

v Improvedypavements will result in
fewer accidents, injuries and fatalities
due to improyéd pavemient surfaces
and fewgen ldne closures, which always
increase the potential for accidents.

* Improved pavements will improve
environmental conditions for people
living and working near highways due
to reduced noise levels and reduced air
pollution from less congestion.
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* Improved pavements will increase
driver and passenger comfort and
decrease vehicle user costs due to
smoother, quieter surfaces and also
fewer traffic delays from ldne closures.

» Improved pavements will provide in
a much more efficient higliway
transportation system ovgrall that will
greatly contribute to econgmic growth
and help to keep the USA ‘€ompetitive
with Europe, Japdh and ether counifies
with highly effxc:ent transportation
systems,

- Concrete pavements,willflay an

important rgle in the'coritinuing
imprevement of the nation’s highway,

gstreet andairport system, especially in

light of growth in truck and aircraft
traffic volumes and weights. This is
also the belief of many pavement
experts iit Europe. However, new and

- mnpvative technology and training is

- needed, along with implementation of

- these innovations, to provide improved
' desxgns, materials, construction quality

and rehabilitation of these pavements.

- To that end this report is dedicated.
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3 COUNTRY SUMMARIES

This chapter provides summaries of the
US TECH Study Tour of concrete
pavements in France, Austria,
Germany, Netherlands and Belgium.

In addition, brief summaries of
information obtained from
presentations by representatives of
Spain, Italy, Switzerland and Portugal
are provided.

3.1 France
* Concrete Pavements in France

Concrete pavements have been used on
the French freeway system since its
beginning, starting with a few sections
built from 1939 to 1960. The real
growth dates from the 1960’s when the
"California" design was adoptédwith
undowelled jointed plain concrete
pavements (JPCP) placed on an

erodible cement-treated base with no
subdrainage. The rapid growth of
heavy truck traffic in the 1870’s (10
percent per year) led to probléms with
pumping, joint faulting and slab
cracking. (Note that thereds
considerably more rainfall in France
than in southern and central
California.) These problems§ damaged
the quality reputation of soncrete
pavements in France afid limited their
use. (1)

It should be pointedioutshiowever, that
a number of these pavements are still
in‘service on'warious heavily trafficked
freeways dmhFrance. The Study Tour
traveled on several of these pavements,
such as the 30-year-old section of the
heavily trafficked A6, shown in Figure
3.1, built in the 1960’s south of Paris
(an outer lane has been added).

Figure 3.1

Thirty-year-old JPCP section of the A6 south of Paris.
(Note added lane with widened edge.)
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It should be noted that these JPCP
have carried many times their original
design traffic and have actually
performed extremely well on that basis.
For example, one undowelled,
undrained JPCP section had received
17 million heavy commercial vehicles
over a 12-year span before it was
rehabilitated. These vehicles are more
heavily loaded than in the USA: the
legal single-axle limit is 13 metric

tons (t) (28,700 pounds).

However, in France as in every country
visited, this level of quality is not
acceptable and there has been a
continuing effort to improve this
design. Through the years, French
engineers, researchers, contractors and
industry have worked hard to improve
concrete pavement design, materials,
and construction. Many inzfiovative
designs have been adopted as the
result of this highly cooperative'work.

Concrete pavements today account for
more than 900 km (560/mi) of
freeways, including abbut 200 km (124
mi) of overlays, of 15 pereent of
France’s freeway System. “Concrefe
pavements have'also been built on
sefondary roads and airports. This
shate is gtowing steadily. Currently 30
pergent of the pavements completed
each year ofi the Frenth freeway
system afé concrete. (2)

All of the early pavements were JPCP,
and these are still being constructed
with modified designs. However,
CRCP has become very popular in
certain areas of France. CRCP was first
constructed in France in 1983 and now
France has over 550 lane-km (342

lane-mi) of CRCP freeways. CRCP has
been used in rebuilding over 100 km
(62 mi) of truck lanes on existing
concrete and AC highways. It has also
been used on airports. (1)

* French Toll Road Companies

One of the most significant aspects of
the French highway system is the eight
toll road companies, that'build and
operate 6,000 4ot (3,730, m1) of miajor
freeways (7,000 km (4,550, mi) total).
Seven of these arelsemi-private (over
50 percént of the shares are owned by
the government) and ofi¢ is private
(owned by several contractors). The
Stiidy Tour was hosted by two toll
road companies: Societe des Autoroute
Paris-Rhine=llione (SAPRR), a semi-
public company, and Compagnie
Financiere et Industrielle des
Autorputes (COFIROUTE), a private
company. In the 1960s there was a
great need to build the proposed 4,000~
km (2,580) nationwide network of
motorways, but the public funding
available was inadequate. The SAPRR
company was created in 1961, and has
constructed and operates 1300 km (808
mi) of freeway. In 1970, COFIROUTE,
France’s first private highway
concessionary company was created.
COFIROUTE has now constructed and
operates 730 km (454 mi) of freeways.
Their main program currently is
widening from four lanes to six lanes
due to increases in traffic.

The Study Tour was very impressed
with the extent to which these toll road
companies are vitally concerned with .
providing the highest quality service to
users and are constantly seeking to



improve service levels. They seek
constant feedback from motorists on
pavement condition, safety, and
various service area aspects. Therefore,
they choose their pavement designs
based on both cost and quality of
service considerations. High-quality
pavements mean a smooth, low-noise
surface and a safe ride. Adequate
funds are available to maintain these
pavements in very good condition and
to widen and construct pavements that
will provide a long service life with
low maintenance. These pavements
appear to be maintained in better
condition than pavements which are
not on toll roads.

* Designs

A comprehensive design catalog was
published in 1988 for the standafd
design of pavements in France. This
catalog provides alternative designs
based upon traffic level and foundation
support. France has designed and
constructed two general types of
concrete pavements: JPCP and CRCP.

Original JPCP Design. The original
1960’s design for JPCE had two major
flaws:ditydid not include adequate load
transfer attheéljeints and the,cross-
section'was a bathtib,with 1o
subdrainage. Dfie to veryplarge truck
axle loadingsd(13-t (28,652-pound)
single-axle'loads), large numbers of
loadings and & wetter climate than
California, these pavements developed
pumping, faulting and then cracking.

Design Modifications to JPCP. To
eliminate the above problems, major
design changes have been made over
the years.
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v The cross-section was modified to a
trapezoidal section so that a thicker
slab is on the outer edge of the truck
lane as illustrated in Figure 2.3, while
the amount of concrete mategial and
cost are not increased. The truek lane
was widened so that loads do notiroll
along the edge causing highdending
stresses and high corner déflections.

v An erosion-resistant lean goncrete
base (7-8 percent gément)is also plagéd
under the slab afid longitudinal
drainage of various types is{placed
along the edge joint

v Load transgfer at traneverse joints
was{ifaproved through use of dowels,
shorter joifihspacing (4 to 5.5-m (13 to
18 ft)) and/ora thicker slab. Most of
these pavements have not been built
with dowel bars as France has used
dowels only on selected projects.

The above JPCP designs have been
used on new construction as well as
major reconstruction of existing lanes
on freeways. For example, the very
heavily trafficked Al freeway
originally had an undowelled JPCP
without drainage that required
rehabilitation after 12 years and 17
million heavy trucks (one lane).

In 1976 this pavement was partially
reconstructed as shown in Figure 2.3.
This new pavement had carried some
35 million trucks on the most heavily
loaded lane by 1988, or more than
twice its design traffic. Pumping
developed gradually on this pavement
until 1988 when the subdrainage
system was found to be completely

clogged. (7)
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Another example of a heavy-duty lane
reconstruction included dowelled joints
on the A6 freeway in 1985.

An example of a JPCP built in 1978
was a thick concrete slab (39 cm (15.5
in)), no subbase, a geotextile drain
placed over the subgrade, and short
joint spacing (4.5 m (15 ft)). After 14
years of traffic, this pavement is
performing well. France considers this
a good design for routes with less than
1500 trucks per day.

A very important issue in France is the
wearing surface of the pavement.
Several types of surfaces have been
constructed for reducing noise,
increasing friction, and reducing
hydroplaning, including stone chips on
the fresh concrete surface, an exposed
aggregate finish, a thin sufface lagerof
porous asphalt, a thin double layer
surface treatment, and some porous
concrete surfaces. These are described
under Surfacings.

Hot-pour polymerized asphalt and
preformed compiression seals are tised
for JPCP joints,| Joints aré genedlly
skewed 1:6 counterclockwise to allow
wheels on the left, far from the outer
slab“edge, to hit the jgint first.

Degign of CRCP. The design varies in
thickneés depending on current truck
traffi¢ and subgrade soil modulus.
Either a \15-cm (6-in) lean concrete base
or a 5-¢m\ (2-in) AC layer is used
directly beneath the CRCP. In
addition, a thick layer of select
granular material or cement-stabilized
soil is usually placed beneath this base
layer. Total width paving for a
freeway is 8 m (26.5 ft), two traffic
lanes including 0.5-m (1.6-ft) widening

of the outer lane. Tied concrete
shoulders (sometimes lean concrete)
were observed on many highways.
Some CRCP are constructed with a
trapezoidal cross-sectigfiyhaving
varying thickness across‘two lanes.
Some examples:

New freeway pavemeéit = 19 to 25cm
(7.5 to 10 in) (thicker for heavier trucks
observed)

New (trucK) lane widening = 31.5 cm
(12.5 in) obgerved on one section

Overlay placed on old JPCP = 180 cm
(7 in) minimum

Overlay,placed on old AC = 16 cm
(6.5 in) minimum

Deformed longitudinal reinforcing bars
(dianteter 1.6 mm (0.63 in)) with a
yield of 590 MPa (71,000 psi) have been
used in the past. The steel percentage
is 0.67 percent and is placed at a depth
of 8 cm (3 in), about one third of the
slab thickness, which helps greatly in
holding the cracks tight. This design
has resulted in very tight cracks with
few punchouts Transverse
reinforcement is also used to tie the
lanes together. One bar (1- to 1.4-cm-
diameter (0.4 to 0.55 in)) is placed per
meter (3.3 ft).

The shoulder is either AC with a
pervious aggregate base or a porous
concrete base, or tied lean concrete
placed on a non-woven geotextile
drainage layer (at least 5 mm (0.2 in)
thick). Longitudinal drainage is
provided at the edge of the slab to
prevent erosion.



The French have several ways to treat
the CRCP ends at bridges: provide
expansion joints, roughen the surface
of the subbase to promote high
bonding, or if the bridge is designed
for the extra weight, placement of the
CRCP directly over the bridge deck. (4)

The SAPRR toll road company does a
25-to 30-year life-cycle cost comparison
among pavement types. About one
half of the time concrete wins and the
other half asphalt wins, depending on
traffic and soils conditions.

New Reinforcement for CRCP. Due
to the length of the construction train
and the complexity of bar
reinforcement placement, the
possibility of using long coilable
reinforcement was considered to
reduce the length of the constru€tion
train and the labor required for steel
connection. A photo of a construction
site using coilable reinforcement is
given in Figure 2.6.

Research in France had shown that it
was critical for the coficrete toybond to
the steel to keep crdeks tight, andythis
led to the idea of developing
reinfor€ément which would have as
large a surfacéiarea as possible in
contact ' with the conérete, thus
increasing bondt This‘led to flat
reinforcement which had the advantage
of being coilable for ease in
transporting and in construction. The
result was the development of coilable
strips with high bond to concrete and a
high yield strength.
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This reinforcement has been used in
France since 1988 for several major
freeway projects under the commercial
name of FLEXARM. (4) This carbon
steel has a high yield strength of 790
MPa (114,550 psi), a flat, rectangular
section 4 cm (1.6 in) wide and 2 mm
(0.08 in) thick, corrugated by
hammering both sides, and a surface
which is corrosion-proofed by
continuous hot galvanization. \It is
supplied in coils of 360 08500 m (1160
or 1640 ft), and joined in the field by
rapid pneumati¢ riveting. Advantages
reported by users ificlude a Shorter
work zone, inicreasedheonsiriiction
productivity'and associated decreased
dw@tion of the work, the ability to
pave onelane of CRCP at a time, and
improved safety. The Study Tour
viewed two sections of the A6 freeway
constructed with FLEXARM (discussed
later in this report).

* Research Underway at LCPC
Nantes

A national research project is
underway at the LCPC Nantes
laboratory on concrete pavements that
includes a combination of public and
private organizations (IREX). This
research approach appears to be a
model of cooperation to achieve the
maximum of innovative and practical
results for the funds spent. Research
topics include design, crack control,
porous concrete, and roller-compacted
concrete. Three-dimensional finite
element techniques are being used for
developing structural designs (CESAR).
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The thick porous concrete slab concept
is under development. This is defined
as a porous concrete base surfaced
with a free-draining concrete layer
having a total thickness of 40 cm (16
in). This pavement substantially
reduces traffic noises and acts as storm
reservoirs for runoff water in urban
areas. This design is highly promising
for urban highways and streets, but
they must be maintained to prevent
clogging. (1) One project was reported
to be constructed in Paris for drainage
and splash control.

The LCPC Nantes Test Track
experiment is a major part of this
national research project in concrete
pavements. (11) The Study Tour
observed the large test track (shown in
Figure 2.17) in operation and saw some
of the early results obtainédy, Ong
million loads per month can be placed
on the concrete pavements and with
three separate tracks, testing can'be
maintained while new gections are
constructed. Loads from 8 to 18 t
(17,600-39,700 pounds) can be placed
on single or dudl fires. The current
experiments dnderway incladeJPCP
with and withaut.dowels, lean concrete
Base (not bonded), aggregate base,
geotextilelayer for drainage and lean
cQnicrete as a Slab. Somne cracking of
sections has occurred. The lower-
strengthl lean concrete section has
shown considerable fatigue cracking.
This was an impressive experiment.

* Rehabilitation
French research has developed several

types of pavement monitoring
equipment. The Gerpho (similar to

PASCO) takes 35-mm continuous strip
photos of the pavement for visual
distress. The APL provides
longitudinal profile and also joint
faulting. The LaCroix {Déflectograph
measures deflection. The'SERIM
device measures friction. /Lhe latest
equipment developmerit is the
SIRANO (profile, 35-mim film, and
macrotexture, at a speed, of 72 km/ hr
(45 mi/hr)) which,was used to test
5500 km (3,445 " mi}in 1991

A comprehensivé evaluation is
condicted to determine the need for
and degign of pavemént rehabilitation.
A policy of prevention is encouraged,
bipwhich rehabilitation action is taken
as sooihas fatigue damage (cracking) is
observed.

Several different rehabilitation
alternatives have been used in France
to rehabilitate the original JPCP built
with no dowels.

Restoration of Load Transfer. Lack of
adequate joint load transfer and poor
subdrainage led to pumping, faulting
and cracking of the original JPCP. The
placement of shear devices, the latest
version called LCPC/Freyssinet
connectors, at transverse joints has
extended the life of some projects. A
description of this device is given
under Project Sites Observed.

Lane Replacement or Addition with
New JPCP. This technique has been
used extensively in the Paris region for
existing JPCP freeways. See discussion
and typical designs described under
Design and shown in Figure 2.1.




Lane Replacement or Addition with
New CRCP. SAFPRR stated that they
expect continued large increases in
trucks with the coming of the EC and
therefore, have constructed several
projects involving the replacement of
the outer traffic lane, originally AC
pavement, that is used almost
exclusively by heavy trucks. Because
of serious deterioration in these outer
lanes, they began either rebuilding
them or adding a new lane using
CRCP. One site visited is described
under Project Sites Visited. (6)

CRCP overlays. Many CRCP overlays
have been placed on existing JPCP
pavements. A description of one such
project is given under the section titled
Project Sites Visited. This alternative
has performed very well.

JPCP Overlays on AC Pavement.
Several experimental overlays were
placed in the 1970’s and have
reportedly performed very yell after
many years. Their typicalSlab
thickness was 21 to 25 cm (8.5 to 10 in),
and the joints are typically Spaced at
4.5 m (15 ft) and afe undowelledh
These projects carry 600 to 1000 trucks
per ddyiin.one lane. Thémnew JPCP
overlayiis placed, directly on, the old
pavement, or onto alleveling course of
lean congrete. {7) Others have been
placed sincedthat time.

* Surfacings

As in other European countries,
pavements with low noise, high friction
and smooth ride are extremely
important in France. A good
macrotexture is considered important
in France, where the objective is a
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texture depth of more than 1 mm
(0.04 in) by the sand patch test. The
method of transverse grooving of the
surface of the fresh concrete with a
brush or tine is no longer ugded.
Detailed descriptions of these
techniques are given under Project
Sites Observed.

Porous Asphalt Surface. Many
concrete pavement sections have been
overlaid with a pérous asphalt layer 1o
reduce noise, imiprove xideability,
increase friction andfeduce
hydroplaninig. COFIROUTE, for
example, has constrieteddnany porous
AC surfaces'and also a porous concrete
surfaceon colicrete pavements.

Double Surface Treatment. A thin
surface called a double layer has been
placed fo, improve the rideability of
existing pavements. The surface
treatiment consists of a spray of
polymerized asphalt on the concrete
surface, a layer of 1.4-cm (0.55 in)
chips, and then a layer of 1-cm (0.4 in)
chips placed with no compaction.

Exposed Aggregate Surface. France
also uses an exposed aggregate
technique similar to that used in
several other countries. It is used with
concrete containing aggregates that are
not readily polishable. This may
require two-layer construction where
the two layers are placed
simultaneously. The surface is sprayed
with a retarder and then covered with
a sheet of polyethylene to protect it
from drying out and from the weather.
After 24 hours the sheet is removed
and the surface is scrubbed dry to
expose the aggregate by removing the
surface mortar. The surface is then
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covered with a conventional curing
compound. The surface provides low
noise, good rideability, and good
friction characteristics. (4)

Porous Concrete. A slurry of cement,
polymer additive, filler (limestone) and
water is mixed and then added to the
crushed hard aggregate (4 to 6 mm
(0.16 to 0.23 in)). This mixture is
poured onto the concrete slab placed
not more than two days previously, at
a thickness of 3 to 4 cm (1.2 to 1.6 in),
using a finisher with a vibrating
compacting plate. During this
operation, some of the slurry settles to
the bottom of the layer bonding it to
the concrete slab. Porous concrete
surfaces have worn well, with no
significant stripping of surface

aggregate. (4)

¢ Concrete Materials and
Construction

The concrete pavements observed did
not have any durability problems for
concrete as old as 30 years. High-
quality concrete (i§ achieved in France
through three(stéps:

(@) ‘mAggregate properties optimized
to miinimize voidhcontent
(continuous,eradation),

(2) Water and plasticizer used to
achieve workability, and

(3)  Entrained air and cement
contents selected for best
strength.

After that, work at the job site must be
performed well. Batch plants and
continuous mixture plants are used.

The following are mean values for
some large projects:

Slump: 5-8 mm (0.2-0.3 in)
Air content: 5.0 percent
Modulus of 5.24ViPa (754 psi)
rupture: at 56 days,

standard deviation

0.6 MPa (87 psi)
(Third-point 3.6 MPa (522 psi)
loading at 7\days,

standard deviation
0@ 'MPa (58 psi)

Conherete recycling has been
successfillly done on several projects in
France since 1976. (9)

Tweslayer construction is done to
provide a hard aggregate in the top
surface. A description is given under
Surfacings.

Contractors must warranty pavement
projects for varying lengths of time:
typically one year on the national
highway system but longer on the
freeway system. AC pavement is
warranted for four to five years,
concrete for seven to nine years and
the various surfacings for five years for
friction, cracks, spalls, etc. If problems
develop, the contractor must repair the
pavement over the warranty time
period.

* Project Sites Observed

The US TECH Study Tour traveled
extensively on the French freeway
system, especially in the general
vicinity of Paris and south. Several
project sites were observed.




A10 CRCP Widening Project
(COFIROUTE Toll Road). This
highway carries 35,000 ADT and is
being widened from 4 to 6 lanes as
shown in Figure 2.11. This AC
pavement was constructed in 1972, was
overlaid in 1982 and again overlaid in
1989. The existing shoulder material
was removed by milling down to the
subbase, which was crushed limestone
aggregate 30 cm (12 in) thick. After
replacing any weak areas the material
was recompacted, a thick geotextile
fabric layer was then placed,
reinforcing steel was placed on chairs
and finally the 31.5-cm-thick (12.4 in)
CRCP was slipformed. The fabric is a
two-layer system with a filter fabric as
the lower layer and a more permeable
fabric as the top layer to control

pumping.
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The CRCP was 3.8 m (12.5 ft) wide and
contained 24 bars with a diameter of 2
cm (0.8 in). The percentage of steel
(0.63 percent) is based on the split
tensile strength of the congiete. A
photo of the steel layout on'ihe fabric
is shown in Figure 3.2. Also note the
thick limestone aggregate gubbase.\The
new CRCP lane included'a 0.3 m (1 £)
extra widening. The steel was placed 9
cm (3.5 in) from the surface on chairg
and transverse steel wasalso ineluded,
as shown in Figure 3.20 'The higher
placement of stéel is' considered
importanf in keeping the tfansverse
cracks tight.

Figure 3.2 CRCP lane addition on the A10 south of Paris.
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After one year of service, the same
CRCP in the other direction has tight
cracks with a mean spacing of 0.8 m
(2.6 ft). This CRCP lane will be
surfaced after about one year with a
porous AC layer for low noise and
good rideability.

The concrete mixing plant operation
was observed. The plant was unusual
in that it was a continuous-mix type of
plant that produced 200 cubic meters
(262 cubic yards) per hour. Air
entrainment and plasticizer were used
in the mix. Six samples were tested
each day for air content, slump and
compressive strength. This contract
includes a four-year warranty on
design and performance.

A71 CRCP Project (COFIROUTE).
This project demonstrates €he optifiiunt
use of aggregates in two-layer '
construction, the provision of an
exposed aggregate surface with low
noise and high friction gharacteristics,
the accuracy to which/teinforcement
placed in tubes can be placed for a
unique setup for the vibrators, and the
construction ef\a trapezoidaleress-
section. The CRCR was constructed in
1986iand consisted of a 7.85-m-wide
(25,751t) frapezoidal ¢ress-section (two
traffic lanes withythe outer lane
widened)#farying fxom 18 cm (7 in) at
the pasging lane edge to 20 cm (8 in) at
the truck lane edge. Deformed
longitudinal steel (1.6 cm diameter
(0.63 in)) was 0.66 percent of the cross-
sectional"area. The depth to the top of
the steel was 8 cm (3 in), or 0.42 of the
slab thickness. The CRCP rested on a
5-cm (2-in) AC layer on a 35-cm (14-in)
cement-treated sand layer. (3)

The CRCP slab was placed in two
layers using specially designed
equipment, separately vibrated in a
single pass where the two layers did

‘not mix. The top 5 cm{2in) included

hard aggregates (1-1.4 cmi ((:4-0.55 in))
that give a low-noise, high-friction
macrotexture. These aggregates had to
be hauled a long distance and wege
expensive. The process to achieve the
exposed aggregate surfaceis the same
as that used iy Delgitim and séveral
other countiies. Thé bottom layer used
local limestone aggregates for
econofiiy. Many cores were taken and
the splitfing testSishowed an excellent
bond between the layers. A substantial
coshsavings was achieved using the
two-layén approach. (3)

The steel was placed using tubes on
this project. The position of the tubes
and Vibrators are as shown in Figure
2,9 where the tubes extend almost to
the front edge of the pan, which may
improve the placement depth of the
steel. Results of measurements show
that the steel placement was excellent,
with a mean depth to top of steel of 8
cm (3 in) and a standard deviation of
only 8 mm (0.3 in). (3)

Figure 3.3 shows the widened lane
CRCP with an AC shoulder (widening
was 0.7 m (2.3 ft) from the inside edge
of the paint stripe to the edge of
concrete). The transverse cracks were
closely spaced and very tight and the
surface showed an excellent
macrotexture. The longitudinal joint
between the CRCP and AC shoulder
was sealed with a polymerized asphalt
sealant placed as an overband. This
was performing very well after six
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Figure 3.3 CRCP on the A71 ttapezoidal cross-section with widened lanes.

years. Shoulders were 2 {0 4 cm (0.8 {0
1.6 in) of porous asphalt oven 27 cm
(10.6 in) of porougiconcrete. “The
section also has longifudinal edge drain
undef the lane/shouldenjoint.

A6 Freeway LCPC/Freyssinet Load
Transfer Devi€e. This pavement was
an undowelled JPCP constructed in
1958-60, with a 25-cm (10-in) slab on a
15-cm (6-in) CTB. The Freyssinet
device is usédito restore high load
transfer in the transverse joints of
undowelled JPCP. These undowelled
joints exhibit poor load transfer, which
leads to faulting and cracking of the
original slab plus deterioration of
reflection cracks in an AC overlay.
These devices were developed by

LCPC and Freyssinet International and
have been placed on many sections of
JPCP in France with good success in
restoring load transfer from less than
50 percent to over 90 percent.

A Freyssinet device placed in a
transverse joint or crack is shown in
Figure 2.12. Four devices are placed
per joint if no pumping exists and six
are placed per joint if pumping exists.
They are placed using special
equipment at a rate of 100 per hour.
Devices are installed when joints are
open so the device is always in
compression. They consist of two
symmetrical half-shells in cast iron, a
steel key which slides in a housing
machined in the half-shells, and a
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central elastomeric sleeve providing
water tightness to the unit and bonding
the half-shells to the concrete
pavement. The wheel load is
transferred from one edge of the joint
or crack to the other with high
efficiency: from the concrete to one
half-shell through bonding with epoxy
resin, from one half-shell to the other
via the key, from the second half-shell
to the concrete by epoxy resin bonding.
They carry a five-year warranty. (8, 12)

Two sections on the A6 were observed
where the Freyssinet devices had been
placed in the original JPCP joints and
then a thin porous polymerized AC
surfacing was placed. There was very.
little reflection cracking through the
surface after two years of heavy traffic.
The company warranties that very little
cracking will occur in five(years.

Porous Asphalt Surfacing on CRCP.
The Study Tour traveled ower several
sections of CRCP that Mad been
overlaid with porous @sphalt. These
surfaces provided low-noise and good
friction and thefe were no reflection
cracks. Aread in France wheresfhicre
are only soft aggregates presents a
problem as to finding hard aggregate
for the suifacings. One, project tried to
seed the hard aggregate onto the
plastic coficrete sutface, but it resulted
in a‘rodgh ride. Placing the porous
asphalt surface permits the use of local,
lower-gost aggregates in the slab.

A6 Freeway CRCP Overlay With Bar
Reinforcement (SAPRR Toll Road).
Several CRCP overlays exist along the
A6. One CRCP overlay containing
conventional bars was placed in 1986
over an old JPCP (constructed in 1964),
as shown in Figure 3.4. The design

was as follows: 18-cm (7-in) CRCP
with 0.67 percent steel and 18-cm (7-in)
lean plain concrete shoulders, with
transverse joints at 6 m (20 ft), placed
on the fractured 25-cmd(10-in) JPCP
over a 15-cm (6 in) cemeni-treated
base. The existing slabs_were fractured
by three to four drops/f a guillotine
breaker per 5-m (16.5:f) slab. An
existing asphalt surface treatment
served as the bond breaker, A
longitudinald@rain“was placed along
the edge. The surface of the CRCP
was an exposeddaggregate as shown in
Figur€ 2.15.¥ The transyerse cracks
were tight and theypdvement was in
excellent ¢ondition. This overlay is
typical of Several observed.

A6 Freeway CRCP With Surface
Treatment (SAPRR Toll Road). Some
CRECPs had received a surface
treatiment called a double layer to
improve the rideability. The
performance of these appeared to be
very good. The surface treatment
consisted of a spray of SBS
polymerized asphalt on the concrete
surface, a layer of 1.4-cm (0.55 in)
chips, and a layer of 1-cm (0.4 in)
chips.

A6 Freeway CRCP With 0.30 Percent
FLEXARM Reinforcement (SAPRR).
A nearby section of CRCP overlay
identical to the previous one (with
conventional reinforcing bars)

contained the new rectangular steel
strips called FLEXARM, placed in 1988.
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Figure 3.4 A6 freefvay CRCI overlay with bar reinforcement
(SAPRRT@ll Road) and lean conerete shoulders.

The CRCP contains 0.30 pércent steel
placed in two close but staggered
layers and was constfuicted i, near-
freezing conditionsy The crack Spacing
was longer than usualiand some of the
cracks'were spalling andyhad opened
slightly, “On@éexplanation fer the
spalling was that ifhwas caused by the
surface'freatmefif. Floweéver, the
longer cracképacing may also be a
major factor as well as the amount of
rectangular steel.

A6 Freeway CRCP With 0.34 Percent
FLEXARM Reinforcement. This is a
nearby section of CRCP overlay
constructed in 1990, identical to the
previous one with FLEXARM

contained 0.34 percent steel content to
reduce crack spacing. This pavement
had a closer crack spacing, tighter
cracks and no spalling. This steel
content is currently being used on
other projects.

A6 Freeway CRCP With 0.72 Percent
Bar Reinforcement. This was the first
CRCP placed in France, in 1983. Itis a
20-cm (8-in) overlay that has
performed with no structural
deterioration under heavy traffic. This
pavement had the highest steel content
used in France.
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The steel depth is 8 cm (3 in), closer to
the surface, which has helped to keep
cracks tight. However, the original
finished surface and soft aggregate
polishing required that a surface
treatment be placed. The Study Tour
was able to observe the outer 0.5 m
(1.6 ft) edge along the CRCP which
was not covered by the surface
treatment. The transverse cracks were
closely spaced and extremely tight.
The local engineers stated that this was
the best CRCP ever built in France.

A6 Freeway Old JPCP. A long stretch
of 25-cm (10-in) JPCP with an added
traffic lane was observed. The added
lane included a widened outer edge as
shown in Figure 3.1. (Note that this is
the same cross-section described under
the section on Design with the crosss
section shown in Figure 2.3), This
original pavement is one ofmany that
dates from the 1960’s, and the lane
reconstruction was done_in the 1970's
or 1980’s.

* Traffic Loadings

Traffic loadixigs are heaviy ingFrénce,
where the legal Single-axle load limit is
13metric tons (t) (28,700 pounds).
Truck volumes in theouter lane range
from 5,500 trueks per'day to an
astoundirg 10,500 on the Al. (2) Most
of thesé trucks have super-single tires
also. The typical ADT on the SAPRR
toll roads is 20,000 with 20 percent
trucks:

* French Research Program

The LCPC Nantes Test Track
experiment is a major part of this

national research project in concrete
pavements. (11) The Study Tour
observed the large test track in
operation and saw some of the early
results obtained as dis€ussed under the
section "Research Underway at LCPC
Nantes." The Study Tour, participants
were impressed with this experiment.

The French are clearly not satisfied
with the status guo in ‘pavement
engineeringd The Trénch progiam of
cooperative research conducted over
many yeats was very impressive to the
Study Tour partcipants. The SETRA
and the nationablabgratories of LCPC
have many experienced pavement
engineers with dedicated careers in
pavenient engineering.

The national research study on concrete
pavements appears to be an ideal
example of the close working
relationships between public and
private organizations. Private
organizations add funding to some of
these studies that they consider very
important. The great benefit of this
appears cooperation to be considerable
innovation and results that actually get
used on the French highway system.
Presentations made to the Study Tour
included a combination of engineers
from the French government, private
contractors, corporations and the semi-
public toll roads.

As an example of how to obtain
innovation, SETRA recently requested
research needs statements which have
resulted in some innovative proposals
which they hope to fund.



e Summary for France

Concrete pavements have been
constructed in France on some of its
most heavily trafficked freeways and
airports over the past 30 years. France
has worked very hard to improve the
design, construction, and rehabilitation
of concrete pavements for many years.
Many innovative ideas have been
developed over the years, such as load
transfer devices, rectangular steel for
CRCP, subdrainage, construction
warranties, low-noise high-friction
surfacings, lane widening designs, and
the trapezoidal cross-section. The
strong efforts to bring together public
and private organizations to work
towards the solution of concrete
pavement problems has had a major
effect on the success of their research
programs actually impacting dedign
and construction practice.

The French stated that "The
maintenance and growth of tlie
competitiveness of concrete‘based road
techniques depends on constant
innovation, the result/®fa partmership
between the industiyy and operating
authorities." (5) It appears that the
Frenchfare committed 0 a major
research, effoftyto improve cencrete
pavement technology.

The selection®f a concrete pavement is
usually the result of a life-cycle cost
analysis over a 25- to 30-year period.
When concrefe can be constructed with
a local aggregate, it is usually cheaper
than AC. However, limestone is not
good for the surface, which should
contain a harder aggregate.
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"The pavement structures given in the
catalogue of standard designs are
equivalent and offer the same service
life. However, the amount of
maintenance needed to prevent
premature aging of the structures and
to guarantee satisfactory surface
characteristics differs. One of the
advantages of concrete pavements is
that they require very little
maintenance. This is why an economi¢
comparison of payément structures
must also look af the global investment
cost including mainten@nce."(10)

In designing new conerete pavement
today, the French would usually put
SMA or,a surface treatment on the
surface to iimprove friction and
smoothness, although the exposed
aggregate surface is favored by many.
There 1§ wery little snow in the Paris
area, whiclht is why SMA or porous
asphalt does not get bladed off. Also,
the two-layer pavement with the
exposed aggregate surface is
performing well.

The engineering philosophy of the
French toll roads is very impressive
with regard to their efforts to provide
the highest quality of service to users.
The excellent quality of their
pavements speaks for itself.

It was stated at the Nantes LCPC
research laboratory that a long life
(more than 30 years) is expected from
concrete pavements for two reasons:
mechanical resistance to traffic (no
rutting and control of fatigue damage)
and ability to resist environmental
problems. Truck traffic is expected to
continue to increase greatly in France.
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3.2 Austria
* Concrete Pavements in Austria

Austria began constructing concrete
pavements in the 1940’s and has
constructed both JPCP and JRCP.
Today many pavements older than 30
years and some 50 years old exist in
Austria. The following table shows the
extent of concrete pavements on
Austria’s main highways.

Table 3.1 Austrian highway mileage.

Asphalt concrete 834 54
Concrete 698 46
Total 1532 100

1 km = 0.621 mi

However, studded tires causéd ruts of
2 to 3 mm (0.08 to 0.12 in) An the older
pavements. Because Austria has a lot
of rain some type of fehabilifation had
to be performed. Aythin polymenized
asphalt layer has been placed over the
truck dafies of many oldeh concrete
pavements 4o tepair the studded tire
damage. \This Iayerhas a life of only
four to six\yearf.

* Designs

Austria has déveloped a catalog of
pavement designs for a 30-year period.
Four different designs are considered:
dowelled and undowelled with
untreated granular base or cement-
treated base. Ranges of current design
thickness are as follows.
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v 18-22 cm (7-9 in) JPCP (25 cm (10 in)
for heavy traffic)

v 5 cm (2-in) AC interlayer

v 20-45 cm (8-18 in) untreated
granular layer with less tham3 percent
fines

v 1822 cm (7-9 in) JPCP

v 5 cm (2 in) interlayer AC

v 18-20 mm (7-8 in) cement-treated
base (only past five years)

The thickness values indhe design
catalog are based upofi'a minimum
bearing capacity onl the subgrade as
determined by plate leadisig tests on
site and defined as anacceptance limit
in Austrian Specification RVS 8.24.
The mirdmuam bearing value is 35 MPa
(8075 psi). Iithe soil does not achieve
this'léwel of bearing, soil stabilization,
soil replacement by better materials or
other methiods to achieve the bearing
capaeity is required. The minimum
bearing capacity for asphalt and
concrete pavements is the same. The
frost depth in Austria is 1.5 m (4.9 ft).

The typical joint spacing is 6 m (20 ft)
for a 25-cm (10-in) slab. Dowels are 2.6
cm (1 in) in diameter and 50 cm (20 in)
in length. For heavier traffic, the
maximum joint spacing, in meters, is
25 T, where T is the slab thickness in
millimeters. Thus, a maximum joint
spacing for a 25-cm (10-in) slab is

6.25 m (20.5 ft).

Faulting of transverse joints is well
controlled by dowels, which are
essential. Austria found that dowels
must be coated to prevent corrosion.
On some early projects, dowels were
not coated and corrosion was serious.
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In the late 1970’s, the sealing practice
changed in some areas of the country.
The initial saw cut for transverse and
longitudinal joints was made 3 mm
(0.12 in) wide and the joint was not
sealed. This practice saved about 10
percent of the construction cost. There
is controversy about this because some
projects are sealed even today, and
some feeling is that joint sealing would
add life to the concrete pavement.

Included in the JPCP thickness is a
4-cm (1.6 in) top layer of smaller-sized
hard aggregate that is used to provide
a low-noise, high-friction texture. The
surface aggregates are exposed during
construction as described later.
Structural design for pavements on
bridge decks and in tunnels is also
given in catalogs.

The full-width paving is 11.5 1

(37.7 ft), and includes an innerlane
and narrow shoulder of 475 m (15.6
ft), an outer lane of 3.75 mi (12.3 ft) and
a tied shoulder of 3.00 in (9.8 ft). The
cross-slope of old_pavements was 1.5
percent, but now all new\pavements
have 2.5 percént slope.

¢ Rehabilitation

Avstria has triedyseveral different ways
to rehabilitate their concrete
paveménts. A few projects have been
cracked and seated and overlaid with
AC. Anunbonded concrete overlay
was recently placed on an old
pavement with a 5-cm (2-in) AC
separation layer. Its performance was
very good, but it was found that it was
more economical to recycle all
pavement materials and reconstruct the
pavement into either concrete or
asphalt.

For rehabilitation projects, all site
materials were recycled back into the
rehabilitated pavement. Old concrete
is recycled into a new concrete slab.
Old aggregate base is uSed as part of a
new cement-treated base. Old AC is
crushed, some is used in_new recycled
concrete, and the remainder 15 used in
the 5-cm (2-in) AC interlayer between
the slab and cement-treated base.

See the proje€t site deéscriptiofiibelow
for details 0f somedehabilitation
projects.

* Noise Pollution

Inereased sensitivity of Austrians with
regard o traffic noise has resulted in a
major noisesreducing efforts over the
past decade through use of noise
bartiers, low-noise freight vehicles, and
new low-noise pavement surfacings.
Several surfacing techniques have been
evaluated in Austria.

Porous asphalt surfacing was first
constructed in Austria in 1984 and a lot
has been constructed since that time.
Measurements have shown that this
surfacing initially reduces tire noise
emission by 4 to 6 dB(A) at 100 km/hr
(62 mi/hr) compared to conventional
asphalt or concrete pavements,
respectively. The porous surface also
reduces hydroplaning and splash
during rainstorms. However, problems
have developed with this surfacing.
Older porous asphalt surfaces have
shown a significant decline in the
noise-reducing effect due to the voids
filling up with soil and abrasives and
further compaction. (4) Porous asphalt
would therefore need to be cleaned



over time to maintain its low-noise
characteristics. Another concern is that
deicing salt requirement is about 15 to
50 percent higher to prevent icing.
Even then icing cannot be prevented
completely under critical weather
conditions, such as freezing rain. (4, 6)

The use of slipform pavers with a
super-smoother flattens any transverse
waves reduced noise by 2 dB(A).
Further improvements by 1 to 2 dB(A)
were achieved by creating a fine-rough
longitudinal texture using a burlap
drag, instead of the formerly common
transverse brushing with a broom. (4)
The burlap drag is simple and
inexpensive, but friction resistance is
lower than with a transverse broom
finish. Higher friction resistance can be
obtained but the concrete must be rich
in mortar and longitudinal grogVes

2 mm (0.08 in) deep must be made
using a plastic brush or metal tines.(6)

The exposed aggregate technigue s
similar to that described in/Belgium.
The main difference is that in Austria
the slab is placed in tivo'layers so that
the top layer can cdhtain a high
quality, smaller aggregate (maximum
size 748 nm (0.27-0.31 in)),to maximize
noise reductioniy, The two-layer method
is used'in Austria beeause the
aggregates thatdare resistant to wear
and polishing are expensive. This
technique was first constructed in
Austria in 1990 with another four sites
in 1991. This technique reduces noise
emission through provision of a
textured surface with selected hard
aggregates in the upper 4 cm (1.6 in) of
the slab, as shown in Figure 2.8. The
surface is sprayed with a retarder,
covered with plastic sheeting to
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prevent evaporation and the fine
mortar on the surface is removed by
brushing the next day, or a
combination of a retarder/curing
compound is used. (6)

Optimum noise reduction requires,that
the maximum aggregate sizé should be
7-8 mm (0.27-0.31 in) and fhe percent
of particles 4-7 mm (0.16-027 in) or 4-8
mm (0.16-0.31 in) should be'as high as
possible, but therefinust be enough
mortar between/tlie particles to ensure
excellent bond. {The #/c ratio should
be well below 0.40\and texture depth
should not exceed 1. 2amm(0.05 in).
The stone particles must consist of a
wedt: and friction-resistant material.

In Austria, @4-cim (1.6-in) top layer is
constructed with the aggregates
containing the above characteristics.

Figure 2.16 shows the beneficial effect
of the exposed aggregate surface on
noise emission reduction of as much as
7 dB(A) from that of old concrete. The
exposed aggregate noise emissions are
comparable to that of porous asphalt
surfaces. Exposed aggregate is not
likely to loose its noise-reducing
properties as the porous asphalt does.

The exposed aggregate surface also
provides a high level of friction
resistance. (6)

During the trip along the Al freeway
from Vienna to Salzburg the Study
Tour stopped at the beginning of a
new concrete section with the exposed
aggregate surface. This section was
adjacent a section with a porus asphalt
surface. There was no discernable
difference in traffic noise between the
two sections. Both were very quiet.
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Some additional details are given
under the Al project site description.

* (Concrete Materials and
Construction

Concrete quality appeared to be
excellent in Austria even though many
freeze-thaw cycles occur and a lot of
deicing salt is used. There are no
reported occurrences of "D" cracking or
ASR and only a few freeze-thaw
durability problems. Cores from old
concrete pavements have 100 MPa
(14,500 psi) compressive strength.

All concrete mixes must be approved
by an ‘authorized and accredited
laboratory.

Concrete compressive strength is
specified to be more than(35 MP4 (5075
psi) for the lower concrete Jayer and
more than 40 MPa (5800 psi) for the
top layer after curing for 28 days. The
flexural strength mustde 5.5’ MPa (798
psi) for 12- by 12- by/36-cm (4.7- by
4.7- by 14-in) beams in center-point
loading. Austria believes primarily in
the flexural sfiength testfomeoricrete
pavements.

The air void bubbleépacing must be
less than (.22 m (0.0087 in) and total
entrained air content must exceed 2.0
percent.

Whenever concrete slabs are removed
for rehabilitation, they are recycled into
concrete or some other use on the
project site. The maximum particle
size is 3.2 cm (1.25 in) and natural sand
is added to the mix.

Laboratory tests have shown that
particles from old concrete pavements
are better than many natural
aggregates. The recycled concrete was
superior to normal confiete made from
gravel. Coarse recycled ¢oncrete from
4 to 32 mm (0.16 to 1.25 in) i8 being
used as the coarse aggfegate, the
particles finer than 4 fim (0.16 m) are
used for mixing with'the in situ
subbase (prior to,cement stabilization).

In addition, the cxidshed,concrete
particles may cohitain up to 20 percent
AC phasticles (Originating from existing
AC overlays on'thesOrncrete pavement)
without éssentially impairing the
guality of the new concrete. This
techmigue has been used on three
reconstruction sites of the Al freeway
although the percent of asphalt has
been only 4 to 6 percent. Figure 3.5
shows a section of a concrete mixture
containing AC material. This provides
a more economical mixture and a way
to reuse old AC material which is
usually taken from thin AC overlays of
concrete pavements. Extensive
research on concrete recycling has been
conduced by Dr. Sommer of the
Research Institute of the Austrian
Cement Maker’s Association. (3)

* Project Sites Observed

One recently completed project and
two under construction were observed
by the Study Tour on the Al freeway
which connects Vienna with Salzburg,
This 300-km (186-mi) highway is a
heavily trafficked east-west highway.
It was all constructed of JRCP over 20
years ago, and some of it is over 30
years old. (2)
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Figure 3.5 Cut section of afi Ausirian recycled concrete mixture
containing old /AC overlayymaterial.

A1l Freeway Unbonded Concrete
Overlay. The original 1957 JRCE had
a 24-cm (9.5-in) slab and 3 ém (1.2 in)
of sand over an aggregate base. The
old slab was cracked and seated, 5 cm
(2 in) of AC was placed, and ‘théma20-
cm (8-in) JPCP overlagwas placed. (2)

A1l Freeway Recycling and
Reconstruction.. Theyeriginal JRCP
(some portiond included 4 thin AC
overlay) waé shattered using a Wirtgen
Guillotine; hauled to a crushing plant
on site and processed into several
fractions. These fractions contain
between 2 and 10 percent AC from the
thin AC surface which was included in
the recycled concrete (about 6 percent
average was old AC material). The 0-
to 3-mm (0- to 0.12-in) fine fraction
was placed on top of the old gravel
subbase which contained 15 percent

fines and the material was then
stabilized in-place to a depth of 20-25
cm (8-10 in) with cement using a
Bomag machine. The compressive
strength requirement was 3 MPa (435
psi) at 7 days. A 5-cm (2-in) AC layer
(which included some recycled asphalt
pavement) was placed on top of the
cement-stabilized layer to provide the
concrete pavement with an erosion-
resistant base. (3)

A JPCP 25 cm (10 in) thick with
dowelled joints spaced at 5.5 m (18 ft)
was placed using a slipform paver.
Plastic-coated dowel bars, 26 mm (1 in)
in diameter and 50 cm (20 in) long,
were spaced at variable locations, 11 in
the truck lane, 7 in the passing lane
and 4 in the shoulder. The contraction
joints were sawn 3 mm wide and left
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transverse contraction joint y 8 mm (0.3 in) sealed'or

Rlongitudinal joint 7 3 mm (0.1 in) unsealed

-QO Oo‘ 0 é&@

26 mm dia (1 in)

25 em (10 in) PCC 50 cm long (20 m)

6.00m(<20ft) O

; &ﬁ tle-bar
| 14 mm dia (0.5 in)
70 cm long (28 in)

4 em (1.6 in) exposed small
size ag@regate concrete

18-21 cm (7-8 in)
recycled concrete

Figure 3.6 Crossééction@f Austrian JPCP reconstruction on the Al.

unfilled on this project. Note that on
some projects the joints argggawn @ lam
(0.3 in) wide and sealed with'a
bituminous filler. Paving width was
11.5 m (38 ft). (3) Figure 3.6 shows a
cross-section of the completed
pavement.

Theslab was designed to have two
layers:“a bottom layer of recycled
concrete and a top layer with high-
quality hafd aggregate (called
chippings) to provide a low-noise, high
friction surface. The slab was placed in
two layets by a single modified
"doublesdecker” Wirtgen slipform
paver. This paver placed two separate
layers of slipformed concrete "wet-on-
wet" to form a monolithic structure. (5)
The Wirtgen SP1600 slipform paver
with the integrated two-layer paving
kit performed the following operations:

Bottom Layer (21 cm (8.5 in)):

v Spread the top layer concrete over
full width (11.5 m (38 ft)),

v Liquify and compact the bottom
layer,

v Form the bottom layer by extrusion,
v Insert the dowel bars at transverse
joints,

v Insert the tie-bars on longitudinal
joints, and

¥ Restore the surface of the bottom

concrete slab after insertion of dowels
and tie bars with the first oscillating
beam.

Top Layer (4 cm (1.6 in)):

v Convey top layer concrete from
truck mixer over the paver main frame
and discharge into a hopper feedmg in
the spreading augers,



v Liquify and compact the second
layer with a high-frequency vibration
system (vibration is controlled in
frequency to avoid causing additional
vibration to the bottom layer),

v Form the top layer by extrusion, and
v Finish the top layer with a second
oscillating beam and the super
smoother.

The 21-cm (8.5-in) bottom layer
contained the recycled crushed
concrete plus natural sand. Cement
content was about 360 kg/m3 (607
pounds/ yd ) and also contained
entrained air (3.5 percent). The flexural
strength at 28 days ranged from 6.5 to
9.5 MPa (942 to 1378 psi) with a mean
of 7.75 MPa (1124 psi).

The top 4-cm (1.6-in) layer contained a
high percentage (65 percent) ofthard
stone chippings having a maximum
size of 8 mm (0.3 in) and about 35
percent sand (0-1 mm (0-0.04 m))
Cement content was 450 kg/ m> (758
pounds/yd3). The mixturé had air
entrainment (4 percent), plasticizer,
retarder and a watey/ cementratio of
0.38 for durabilitygand low shiifikagé.
A retarder was used for the top
concrététo prevent it f1om stiffening
more guickly'than the boftom concrete.
The stone chippingé(4-8 mm (0.16-0.31
in)) had an LA¢abrasion value of less
than 19 and@ polished stone value
greater than 50. The surface of the
concrete was sprayed with a retarder
and covered with a plastic sheeting or
sprayed with'a film-forming curing
compound to prevent evaporation.
The next day the surface was brushed
to expose the chippings and sprayed
with a curing compound. Texture
depth was about 0.9 mm (0.035 in) by
the sand patch measurement method.
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A discussion of the noise characteristics
of this surface was previously given.
Smoothness specifications were applied
using a profilometer. Joint sawing was
done through the plastic shéeeting.

The concrete crusher and plant that
produces the lower recycled concrete
layer was visited. Approximately 10
percent recycled AC is incliided in the
concrete mixture. The specifications
allow up to 20 pefcent bt this fequires
too large a cemént contént to be
economical. AfSepardte pldnt mixes
the top layér. Onl¢y recycled concrete is
used for the coarse agegregate in the
lower layer.

A1l Freeway Salzburg Recycling and
Reeonstruction. This 17-km (10.6-mi)
projeet was nearly identical to the
previous Al freeway project. Truck
traffic was heavy on this section (3500
per day). The original JRCP was
overlaid with a thin AC overlay which
was sawed and sealed. This layer was
debonding from the slab and large
pieces were coming off, which
precipitated the rehabilitation. This
project was to be completed in 26
weeks and the bonus per day and
penalty per day were equal. The study
tour observed the old concrete
pavement removal process, which
included slab fracturing and a large
backhoe loading pieces of concrete into
a truck. Figure 2.8 shows a photo of a
core from this project. Figure 3.6
shows a cross section of the slab
showing the recycled concrete base and
the top surfacing for noise reduction.
The westbound lanes, shown in Figure
3.7, had been completed the previous
year.
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Figure 3.7 Photo of thé Al regycled concrete pavement near Salzburg, Austria.

* Traffic Loadings

The Austrian freeways garry lieavy
traffic loadings. The typical ADT is
25,000 (up to 100,000) with an average
of 12 percent trycks. Thegrowth sate
in highway fréight transparbisgdiigh

(7 percent per year). The single-axle
loadlimit is 10 t (22046 pounds) and
the tandemsaxle limit 18,16 tons (35,300
pounds). A largenumber of overloads
exist.\ Augdlria is likely to increase its
legal axde weights to the 11.5 t (25,353
pounds) EC maximum for single axles.

Concrete pavements are designed for
30 years of traffic, taking into
consideration different traffic lanes,
distribution within traffic lane (from
0.6 for a lane more than 3.5 m (11.5 ft),
to 0.9 for 3-3.5 m (10-11.5 ft), to 1.0 for
a lane less than 3.0 m (10 ft)), the
annual growth rate, and the design

period. Equivalency factors are used to
calculated equivalent single-axles of a
10-ton (22,046 pounds) standard single-
axle.

* Summary for Austria

Austria has constructed many jointed
plain and reinforced concrete
pavements since the 1950’s which have
performed very well under heavy truck
traffic. Studded tire damage caused
severe problems resulting in the
requirement to place thin polymerized
AC overlays on the truck lanes. The
old pavements have excellent concrete
durability.

The current design for new or
reconstructed pavements is for short-
jointed dowelled JPCP with tied
concrete shoulders and a thin AC layer
between the slab and the granular or



cement-treated base. Rehabilitation,
including unbonded JPCP overlays on
fractured slabs and AC overlays on
fractured slabs, is underway on many
old pavements. The most used
technique to date has been the
complete recycling of an old concrete
pavement into a new concrete
pavement with a full 11.5-m (38-ft)
width.

There is a very strong emphasis on
highway noise reduction in Austria.
The use of the exposed aggregate
surface in conjunction with the two-
layer slabs (the top layer containing
small hard aggregates) has shown
significantly reduced noise levels and
high friction.

Dr. Sommer of the Cement Research
Institute stated that the level offeffort
needed to implement something(get it
working) is greater than the original
research effort. He believes that the
researcher should guide thedfield
implementation until the pfocedure is
developed. This is an intefesting
concept which should develop, a
needed partnershipibétween research
and operations.
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3.3 Germany
* Concrete Pavements in Germany

Germany has constructed many
concrete pavements since the 1920’s,
mostly on the autobahn (freeway)
system and at airports. Bus stops
constructed of concrete were observed
in Berlin. The Study Tour observed
firsthand many original sections of the
German autobahn system in the former
east Germany constructed with
concrete in the 1930’'s. Many of these
original pavements are carrying heavy
traffic today, although they are quite
rough and many of them are under
major rehabilitation. Fifty years of no
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maintenance has left these pavements
in deteriorated condition, and Germany
is making a huge effort to rebuild all of
these highways to link all areas of the
country, which they feel is yital to their
economic growth.

A photograph of a 50-year-gld (1930s)
jointed concrete pavement/Section on
the autobahn approaching'Berlin from
Munich is shown in Figure 3.8, These
were the divided gontrolled-access
highways that iffipressed many
Americans returning ffom World War
I, including@ Presidént Eisenhower, to
sponsor the development©f the USA
Interstate highway system.

Figure 3.8 Photo of a 1930's German autobahn concrete pavement near Berlin.
(Note cracking in outer truck lane of the 12-m (39-ft) slabs.)
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Approximately 30 percent of the
former west German autobahn and 82
percent of the former east German
autobahn are constructed with concrete
pavement (approximately 4,168 km
(2588 mi) of concrete out of 10,900 km
(6769 mi) total). The West German
pavements constructed prior to 1970
are jointed plain and jointed reinforced
concrete, and only dowelled JPCP was
constructed after 1970. Germany
favors dowelled JPCP because of the
extensive use of deicing salts and the
potential for corrosion of reinforced
pavements. Over the years, the design
of the German concrete pavements has
changed considerably; however, the
current JPCP design has been built
extensively since the early 1970’s both
as new pavement and as overlays of
old concrete pavements.

An extensive research and
development program has been
underway in Germany forgmany years,
at such institutions asghe Federal
Highway Research InStitute (BASE)

and the Munich Technical University to
improve concrefé pavemient matetials,
construction @nd design." Many
excellent technigal, articles can be found
in the literature from this research.

Concrete pavemients have also been
constructéd at airports in Germany.
The Stddy Tour visited the new
Munich II International Airport that
was justiopened in May, 1992. This
airport'was constructed with more than
2 million square meters (2.4 million
square yards) of 36-cm (14.2 in)
dowelled JPCP for runways, taxiways
and aprons. For comparison, Dulles
International Airport has 1.2 million
square meters (1.4 million square

yards) of 38.1-cm (15-in) undowelled JPCP.

* Pavement Designs

Original Autobahn Concrete
Pavement Design. The following
information was obtaified, during a
meeting of the Study Tour and German
highway officials in Berlin;and, also
from references 3 and/7.

Planning and initial construction of the
German autobahngwas Stasted indlie
1920’s. Thedirst German autobahn
ideas were based @i carsonly
highways, Builtdn northérn Italy by
PieroPuricelli in the 1920's. (7) The
first cross-sectiomef@ four-lane
divided highway was created in 1926,
theyword "autobahn” first appeared in
1928(7)pand the design speed was 160
km/h (100imph) in non-mountainous
areas. These pavements were
coneeived as two lanes in one direction
with'7.5-m (24.5-ft) pavement width.
A policy statement on the principle of
performance required of the
construction industry and also on
contract and procurement procedures
was issued by Fritz Todt, Inspector
General of the German Highway
Administration, in 1933:

"It is not always the lowest bid which
should be given preference. Quality
is the most important criterion." (7)

A decision was made about that time
to construct the autobahn highway
network with concrete pavements. By
1940 approximately 4000 km (2480 mi)
of four-lane divided autobahn
highways were constructed. During
the war years the government
prohibited using steel for any purpose
other than military. A concrete
pavement research program was
carried out in the 1930’s with the



construction of many test sections. The
general design evolved as follows,
although there are some variations of
this design.

Slab: Uniform thickness, 20-25 cm (8-
10 in) JPCP (some thinner and thicker),
mostly two-layer construction. Top
slab layer is 9 cm (3.5 in) thick and
contains high-quality aggregate (3-cm
(1.2-in) maximum size). The lower slab
layer is 13 cm (5 in) thick and contains
local gravel aggregates (5-cm (2-in)
maximum size).

Width of traffic lane = 3.75 m (12.3 ft)
(two lanes in one direction)

Joints: Spacing for plain jointed
concrete sections = 8-12 m (26.5-39 ft)

Spacing for jointed reinforced s¢€tions
= 12-30 m (39-98 ft) (stopped in 193%)

Typical expansion joint spacing

12-18 m (39-59 ft). (Note: It s#as
common practice to systematically
increase the joint spacing from slab to
slab in increments of 4 m (3.3 ft) or so,
with periodic returaiyto the first

spacing.)

Dowelg 35.6 ¢iig(14 in) long)2.2-cm
(0.875 i) diameter found steel dowels
with a sleeve o one end.

Dowels spaced 30.5 cm (12 in) near
center of slab with closer spacing
toward edge.

Longitudinal joints tied (3.75-m (12.3-ft)
lane width).

Concrete: Most pavements were
constructed in two courses for ease in
compaction of very dry concrete and to
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use different quality aggregates in each
layer. The upper layer used only high-
quality aggregate as judged by
compressive strength and wear tests
(typical types were granite, hisalt and
quartzite) and the elimination of
impurities and flat particles. A
somewhat inferior aggregatef{local
gravel) was used for the lower layer
for economic reasons.

Aggregate gradatigh was closely
controlled through use of several size
requirements. It appedrs that a fairly
uniform defise aggrégate gradation
resulted from this speeificafion.

Flexturahstrength requirements
iflcluded 3.7 MPa (540 psi) minimum
and 4.4 MPa (640 psi) average.
Conipressive strength requirements
were 32 MPa (4,700 psi) minimum and
39 MPa (5700 psi) average. Strengths
were tested with specimens made
during construction and by means of
tests on cores made at approximately
60 days. (3)

Very dry (zero-slump) concrete with a
water/ cement ratio usually of 0.45 or
less. No air entrainment admixture
was used.

Foundation:

Considerable effort made to reduce the
damaging effects of frost heave and
excess moisture. This was done by
placing longitudinal drains to intercept
ground water flowing towards the
highway or to lower the ground water
table, and by placing layers of granular
materials (often sand was used)
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between the slab and the subgrade.
Often the grade line was raised 0.9 m
(3 ft) or more above the natural ground
level, and in cuts the roadway was
excavated below grade and backfilled
with selected material. (3) In the Berlin
area, the concrete pavement was often
placed on the sand subgrade.

Shoulders: Usually 0.38 m (1.25 ft)
wide inner (left) and 2.2 m (7.33 ft)
wide outer (right). Pavement included
17.8 cm (7 in) of concrete capped with
7.6 cm (3 in) of AC for color
delineation. In cases where dark-
colored concrete was used in the traffic
lanes, plain concrete was used in the
top course of the paved shoulder strip
for color delineation. (3)

Construction: Usually two lanes
formed at same time witli & tied
weakened-plane longitudinaljoint.
The concrete base for the shoulder strip
was constructed before the.pavement
slab and was used as@ base upon
which to mount the fails carrying, the
heavy construction equipment uséd in
the mixing, pldcing, and finishing
operations. (amping and semé
vibration of the eoncrete was
performed. (3)

All placing, fiflishing, and preliminary
curing oferations were completed
under(sunshades that spanned the
entire pavement. Woven-reed curing
mats ‘were left in place for 3 weeks and
were kept continuously wet during
that period.

Surfaces were dense and compact, with
the coarse aggregate either just below
the top or actually exposed to some
degree. No thick layer of mortar
exists. (3)

Many original sections of the German
autobahn are still in place and serving
heavy traffic in the former East
Germany, whereas the former West
Germany has previouély, rehabilitated
most of the old pavements, The Study
Tour had the unique opportunity to
observe many of thesé old pavements
during the trip from Munich toBerlin
and also on the freeway loop
surrounding Berlin (Betliner Ring).
They are faitly rough, due pidinly to
the many /fransvesSe cracks that have
spalled and faulfed. No obvious
puniping was observed and the 50-
year-old conciétepshibwed no durability
problems. A large reconstruction effort
iScurrently underway in the former
East Germany and the concrete from
these pavements is being recycled into
either lean concrete base or the upper
1ayer of the granular blanket.

During the visit to a reconstruction site
on the A10, described below, a piece of
old concrete pavement was obtained
and submitted to the Construction
Technology Laboratories (CTL) for
analysis. The official petrographic
analysis is given in the Appendix and a
summary is provided here.

1. The sample is a hard, dense,
good-quality concrete consisting
of siliceous and calcareous
aggregates in a portland cement
paste. The paste-aggregate bond
is tight and the concrete
fractures through coarse and fine
aggregate particles.

2. Estimated water-cement ratio,
based on paste properties, is less
than 0.35. Large residual cement
particles (unhydrated portland
cement clinker, UPC’s) are abundant.



3. The concrete is not air entrained.
Estimated air content is 1 to 2
percent. Most air voids are
small and lined or filled with
secondary deposits, mostly
ettringite.

Some reasons for the good
performance of these pavements:

v Lower traffic loadings during early
life,

v Relatively mild climate,

v Highly durable concrete (achieved
by care in proportioning uniform
gradation mixes; 3-cm (1.2-in)
maximum size, high-quality, hard top-
course aggregate; consolidation by
vibration; dry mix with low

water/ cement ratio; 21-day watés
curing and protection from sun and
wind with a cover; no deicing salts
used for many years),

v Thick granular layer betyeen slab
and subgrade for frost protection and
some bottom drainagg¢ (Sometimes this
layer included finegand and wasmet
adequate),

v Backdilling With select material of
very soif 8oil,

v Ground waéter moisture control, and
v Dowelled joints.

The long joint spacing (12 m (39 ft) in
the Berlin area and especially when
steel mesh was not used) appears to be
the only major deficiency noted for this
design, and resulted in many
transverse cracks that spalled and
faulted in the truck lane.
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Current German Concrete Pavement
Design. Following World War II, the
concrete pavement designs varied
considerably between West and East
Germany. Prior to 1970, the/West
German design included jointedhwire
mesh-reinforced pavement with a joint
spacing of 7.5 to 10 m (24.5 46 35 1t),
including expansion joints at 60- to
100-m (197- to 328-ft) spacing. (1) Due
to various problems, this design was
changed to a jointgdl plainhconcrete
pavement beginning in 1970. (1) This
design has been/imprdved sinice that
time, evolvillg into the current
autobahn highway JPEP désign cross-
section showi in Figure 2.4. Some
detdils'of this désign are as follows.

JPCR Slab:

22-26 cm(8.7-10.2 in) thick, depending
on truck traffic volume in design lane
(see design catalog, reference 2). Top
7-cm (2.8-in) layer contains high-
quality crushed aggregate for freeze-
thaw durability and friction. The w/c
ratio for both layers must be equal.

0.5 m (1.6 ft) widening for both traffic
lanes.

Full 11-m (36-ft) width paving
thickness for future traffic control
during rehabilitation (four lanes of
traffic can be accommodated).

Shoulder: Tied concrete shoulders
both lanes (avoids differential frost
heave that occurred on AC shoulders).

)

Concrete: Exceeding 5.5 MPa (798 psi)
in center-point loading (about 10-15
percent greater than third-point
loading).
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Base: 15-cm (6-in) cement-treated or
lean concrete, exceeding 9 MPa (1305
psi), usually about 12 MPa (1740 psi)
compressive strength after three days
of wet curing, base bonded to slab,
joints (or notches) provided in base (35
percent thickness) just beneath joints in
slab. (Figure 2.5)

Some use of 25-cm (10 in) cement-
treated base with cement-stabilized
subgrade.

10-cm (4-in) bitumen-treated base also
used sometimes.

Subbase: Granular blanket, 30 to 90
cm (12-36 in) thick, depending on frost
penetration and bearing capacity, less
than 5 percent 0.063-mm (0.0025 in)
fines allowed before compaction (less
than 7 percent fines afterd€ompagtion).

Transverse Joint: 5.0-m (16.5t)
spacing.

2.5-cm-diameter (1 in) dowels,
unevenly spaced acrgss section ag
shown in Figuré 2.7, plastic coating
with thicknegs greater tham0.34m
(0.012 in) covexrs the total length of
dowels, no oil used,

Automatic dowel placement, no
baskets.

Saw depth: 0.25-0.30 slab thickness.
Sealant: Compression seal.

Longitudinal Joint: Saw depth: 0.40-
0.45 slab thickness.

Tie: Deformed 20-mm-diameter (0.8
in) steel tie bar, plastic coating with

thickness greater than 0.3 mm
(0.012 in) covers center 20 cm (8 in).

Spacing of ties: three bars per 5 m
(16.5 ft) of slab at centérline joint, five
bars per 5 m (16.5 ft) ot slah at
lane/shoulder joint.

Sealant: Compressiofi seal.

Subdrainage: Variationsiin subdidins
have been uded. Thelatest cioss-
section (Figure 2.4) shows a porous
concrete layer béneath {the shoulder
that provides @ flow channel to a
longitudinal subdraid which then
empties at regular intervals into a
lateral pipe and finally into a larger
longitidinal pipe. The system
observed on the A10 project included
¢atch basins at regular intervals that
were connected to the longitudinal
subdrain (and were extended vertically
to the surface of the shoulder and a
catch basin with a surface grate to
collect surface water) as shown in
Figure 3.9. These catch basins were
connected to the deeper manhole
which was connected to a longitudinal
drain pipe.

Porus concrete layer under shoulder: a
15-cm (6-in) layer of porous concrete is
being evaluated beneath the concrete
shoulder to promote drainage of the
treated base layer.

Surface: Textured by light longitudinal
brush (burlap drag) to produce low-
noise surface with some macrotexture.
Hard aggregate provides friction.

Cross slope: 2.5 percent uniform
across lanes.
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Figure 3.9

Construction site gfy the Ad0'south of Berlin showing catch basins at edge

of slab that are connected to longitudinal pipe under the lean concrete base
and connected to the manhole showion the left.

Bridge Ends: End lug is placed more
than 15 m (49 ft) from backwall of
structure and then anl AC surface over
a CTB are placed t@ythe backwall,as
shown in Figure 3.10.

A four-year warranty system exists for
concretg and asphalbypavements,
during which tlie contractor is
responsiblé fér repair of any problems
that develop.

The government relies on the warranty
and on the contractor protecting his
reputation if problems develop. A
small amount of money is withheld
until final acceptance at the end of the
warranty period. If major problems
develop, the project is not accepted and

the contractor is warned that further
repairs may be needed. Originally this
occurred more often; now it seldom
occurs. If the project is not accepted it
affects the contractor’s reputation and
it is considered in future contract
awards. Since performance on
previous contracts is considered in
awards, the contractor’s reputation is
important.

The words "emergency lane" are used
to describe the shoulder because these
pavements are constructed to a full
11-m (36-ft) width so that during any
future rehabilitation, four lanes of
traffic can be carried on one side of the
divided highway.



84

>15m (50 ft)

5.0 m (17 ft) i ECP

T }

CTB

backwall

Figure 3.10 Bridge approach design for JPCP in Germany.

Projects constructed withafit, dowél
bars have faulted significantlys, Many
of these are in the former East
Germany where the government
prohibited dowels. Dogvels‘are needed
in the German climat¢ and traffic to
control faulting.

A plate load gest in which pressfire is
repeatedly applied to and removed
fiom the soil in stages is conducted in
the fieldite ensure that.a minimum
bearing elasti@modulus’is achieved on
top of thefsubgrade (minimum is 45
MPa (6/525 psi)) and on top of the
granular blanket layer (minimum is 120
MPa (17,400 psi)) for concrete
pavements. (8)

The German pavement design catalog
is an excellent method to communicate
the details of the pavement design to

the field. (2) There is now a new
catalog for rehabilitation alternatives
also. The Study Tour rode over several
sections of the design and also
observed a construction site. It was
observed and reported from various
sources that this design is performing
very well under heavy traffic.

The catalog provides for a direct
comparison between concrete and
asphalt designs. The granular blanket
is the same for both concrete and
asphalt pavements to control frost
heave, provide uniform support and to
provide some bottom drainage. The
AC pavement layers are built on top of
this, as are the concrete base and slab.

The pavement design used for the new
Munich II International Airport is
given under the description of projects
visited.



¢ Concrete Material and Construction

An extensive research program was
started in the 1930's into cements and
concrete mixtures that included the
construction of many test sections. A
detailed description of the old 1930’s
autobahn concrete mixtures is given in
reference 3. Reasons for the excellent
durability of the old autobahn concrete
are previously given.

Current German concrete requirements
are as follows:

v 4 to.6 percent entrained air,
including air void system
requirements.

v Water/cement ratio < 0.42 to
provide dense mixture.

v 340 kg/m? (573 pounds/yd?))
cement.

v Mixing time is 45 seconds minimum,
v Graded aggregates.

v Aggregates must pass freeze-thaw
and alkali-silica reaction tegts.

v Freeze-thaw tests are run on
aggregates for 300 cygles in‘aggressive
solution and loss cgniiot 0.2 percent
maximum.

v If xéaetive aggregates are present,
low-alkali cemient (less than0.6 percent
alkali) 18 specified. Ifyproblems still
exist, the aggredate 1s'chariged.

v No flyashdis used in highway
pavement.

v Germany uses the center-point
loading flexural beam test, which they
found to be 10-15 percent higher than
the third-point loading test. A
minimum of 5.5 MPa (800 psi) for the
center-point loading flexural strength at
28 days, which corresponds to about
4.9 MPa (711 psi) in third-point
loading.
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v Compressive strength is measured
with a 3-cm cube. The minimum
strength is 35 MPa (5075 psi).

v It was stated that some A€ can be
used in recycled concrete mix{tires.

v Air void content and void system
quality control are specified in
reference 2. Tests are conducted the
first day of production and‘again if
there is any doubt@s™to dir contént.
The bubble spacing must be less than
0.2 mm (0.008 in) and(the miicropores
must be atdeast 1.8(percent.

The air void §ystem may be tested in
equipinent viewed by the Study Tour
at the Cemeént Research Facility in
Dusseldorf. The equipment labelled
"DBEI"costs about $20,000 and is
manufactured by a Danish company.
it relies on’Bernoulli’s principle that
larger air bubbles, representing air
voids, rise to the surface faster. A
small tube sample, 2.5 cm (1 in) in
diameter, of fresh concrete is taken
from the newly placed slab, placed in
the equipment, and the amount of air
per time period is measured. This
equipment can produce results in
about 20 minutes on the air void
content and spacing and can be used
on the construction site. It reportedly
correlates well with linear traverse
results on hardened concrete.

Some ASR distress has recently
developed on the northern Berliner
Ring autobahn pavement due to high-
alkali cement used on project (in the
former East Germany). The East
German government dictated the
source of the aggregate and cement for
this project. No "D" cracking problems
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were observed, probably due to the use
of only high-quality hard aggregates in
the slab surface.

Various construction items:

v The use of a "tent" to protect the
newly placed concrete from rain and
sun may provide a significant effect.
This procedure also would reduce the
temperature and thermal gradient of
the fresh concrete, which would reduce
detrimental curling of the slab. This is
still being done today as discussed
under the Munich airport project
description.

v Curing is done with either water
sprinkling or wax-based curing
compounds.

v The two-lift constructighy of thé slab
results in smoother profile'aswell as a
more economical mixture whege high-
quality stone is expensive.

Cement-treated base ¢ompressive
strength requirement i8 a minimum of
9 MPa (1305 psi) to provide resistance
to erosion.

Germany believes strongly in bonding
the leameencrete baséyor CTB to the
slab to reducéeurling‘and erosion.
This\is acdomplisheé@ by notching the
base 35(percent of its thickness
immediately after placement exactly
beneath\the transverse and longitudinal
joints of the concrete slab.

* Rehabilitation

A new rehabilitation catalog is
available. Selection of the

rehabilitation alternative depends on
the following criteria: (6)

v Traffic restrictions during
reconstruction,

v Possibility of the use‘ofirecycled
materials,

v Adequate clearancedor bridges,
v Required improvefiients of cross-
slope and other geomegtrics,

v Required widening ‘@fithe cross
section (laner shotlder), and

v Economics.

The féllowing(types of rehabilitation
are cutrently béing pérformed on the
German autobahii pavements. (6)

JPCPE Oyerlay with Interlayer: The
existing conerete pavement is fractured
into pieces less than 0.5 m (1.6 in} in
size, Then a 10-cm (4-in) interlayer of
either lean concrete (notched) or AC
material is placed on top of the existing
concrete pavement. A JPCP overlay is
then placed to the same thickness as a
newly constructed pavement (i.e., 26
cm (10.2 in) for the heaviest traffic
class).

JPCP Overlay with Thick Fabric
Interlayer: The existing concrete
pavement is fractured into pieces less
than 0.5 m (1.6 ft) in size. Then a
geotextile interlayer is placed on top of
the existing concrete pavement. A
slightly thicker JPCP overlay is then
placed on top of the fabric (i.e., 27 cm
(10.6 in) for the heaviest traffic class).
The debonding with the underlying
layer and the additional elasticity of
the geotextile fabric requires a thicker
slab. However, the softer fabric
material may also reduce curling
stresses in the JPCP overlay.



Total Width Reconstruction: The
entire pavement is completely removed
and a new JPCP with untreated
crushed permeable base constructed.
This pavement type is new for
Germany; however, it makes it possible
to recycle up to 100 percent of the old
pavement. The JPCP thickness is
increased (i.e., 30 cm (12 in) for the
heaviest traffic class).

Lane Reconstruction. A cross-section
is shown in Figure 2.10. A porous
concrete base is recommended having
a void content of more than 20 percent
and compressive strength exceeding 15
MPa for a thickness of 40 cm (15.7 in).
The permeability coefficient required
for this base is less than 10® m/s. The
new JPCP is placed directly on this
layer but is constructed thicker (i.e., 30
cm (12 in) for the heaviest traffi@class)
The new lane is tied securely tothe
adjacent slab by five corrosion-
protected bars (2-cm-diameter (0.8 in})
per 5-m (16.5-ft) slab).

AC Overlay: A 12-cm (4.7-in) AC
overlay is sometimes/placed where a
rehabilitation life of\six to eight years(is
desired.

* Noise, Pollidtion

A major €oncexfi about fréffic noise
exists in GeépMany as in other European
countries. \Until recently, most of the
concrete pavements were textured with
transverse tining, which was very good
for friction and hydroplaning but
caused considerable road noise and
vibrations. It was found that this
texture produced 3 dB(A) greater
rolling noise than AC pavements and
was not allowed to be used in urban
areas. If, however, a longitudinal
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burlap drag was used along with the
smaller top-size aggregates, the noise
level was about the same as a porous
AC surface. This change was recently
made in the construction spégifications.
Germany has experimented with
various exposed aggregate surfaces but
believes that the longitudinal burlap
texture along with high-quality hard
aggregates in the upper slab will
provide low noise and good fxiction.

* Project Sites/Observéd

New Munjch II'Infernational Airport.
The Study Tour visited thé newly
opened airport and observed some of
the@ million Square meters (2.4 million
square yards) of concrete pavements as
well as having a presentation on the
congffuction of the pavements. Figure
3.11 shows a photo of a runway under
construction. The JPCP constructed at
Munich II Airport is defined as
follows: (4, 5)

Slab: 36- to 40-cm (14.2- to 15.8-in)
JPCP constructed in two layers.
40 cm (15.8 in) on ramps only.

Top 14 cm (5.5 in) includes crushed
granite for better freeze-thaw resistance
and friction.

Bottom 22-24 cm (8.7-9.5 in) used local
gravel aggregate.

Double course construction was
achieved in a single pass of a slipform
paver in 15 m (49 ft) width.

Runway cross-section varied, with
central 30 m (98 ft) being 36 cm (14.2
in) and outer 15 m (49 ft) on each side
thinning to 26 cm (10.2 in). The total
width is 60 m (197 ft).
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Figure @11 Photo of runway under construction at the new Munich International
Airport. (Note the "tent" coverings placed behind the paver to provide
curing protection to the surface for seven days.)



Dowels and tie bars were placed on
top of the lower layer.

Concrete: Contractor subcontracts to
testing lab that produces certified mix
design.

Concrete strength for both layers was
greater than 6 MPa (870 psi).
Specifications required the mean of
three center-point-loaded beams to be

greater than 6 MPa (870 psi) at 28 days.

Typically, the mean strength exceeded
7 MPa (1015 psi).

Continuous two drum plant used to
achieve production of 200 cubic meters
(262 cubic yards) per hour.
Water/cement ratio = 0.40 to 0.45.

340 kg/m? (573 pounds/yd?) céient.

Air content measured once per hout in
laboratory.

Cores were taken and dengity was

measured (contractor specifies density).

Slab would be rem@ved if strengthyof
density deficiency existed.

Paving widthiEup to 15 m49 ft) for
three 5 m (16.5 1t) slabs,

Joints: 5By 'm (16.5 by 16.5 ft)
square slabs, transverse joints
dowelled, longitudinal joints tied and
shaped with'a sinusoidal vertical
profile.

Dowels were placed automatically in
all transverse joints.

Joints were sawed within 8 to 10 hours.
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Tie bars were placed automahcally in
outer longitudinal joints.

Neoprene compression seals were used
in joints.

Base: 20-cm (8-in) cement-treated base
was constructed and immediately
notched through about 35/percent of'its
thickness exactly beneath the joints in
the concrete slab.

An attempt wag inade 0 bond cement-
treated base to €oncréte slab through
cleaning afid weltifg surface.

Subbase: A'thick granular blanket was
placedibetween the subgrade and the
¢ement-treated base course.

Curing: The concrete was moist-cured
for seven,days under a "tent" as shown
inFigure'3.11 and then curing
compound was placed.

Profile: A high-speed profilometer
was used to measure profile. Less than
3 mm (0.12 in) gap was permitted
beneath a 4-m (13-ft) leveling beam.

A10 Autobahn (Berliner Ring south of
Berlin). This project involved the
complete reconstruction of a four-lane
divided autobahn highway concrete
pavement, originally constructed in
1939, into a new JPCP. The following
items describe the design and
construction.

Traffic: Traffic was routed on to one
side where a 20-cm (8-in) unjointed
lean concrete strip about 4-m-wide (13
ft) was added to the original slab so
that four lanes of traffic could be
carried on one side. The lean concrete
is expected to last through the
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eight-month construction duration and
then be recycled with the old concrete.
Very heavy truck traffic exists on this
highway.

Pavement: The old concrete pavement
was fractured with a drop hammer.
Then a large back hoe was used to pick
up large pieces and load onto trucks to
haul to crusher. The concrete was
crushed and sized into stockpiles.

Slab: 26-cm (10.3 in) JPCP constructed
in two layers.

Top 7 cm (2.75 in) contains crushed
granité for better freeze-thaw and
friction.

Bottom 19 cm (7.5 in) contains local
gravel aggregate.

Longitudinal burlap drag texthrg in the
hard aggregate surface for low noise.

Joints: 5-m (16.4 ft) sldbs, transverse
joints dowelled, longitudinal joints, tied.

Plastic-coated dowels were placed
automaticallyfin all transvétsegoints in
a nonuniform patiern (clustered in
wheel paths of the truck lane).

Compression séals were used in
transversé and longitudinal joints.

Reseivoir saw-cutting: after the first
saw clil,\an elastic band was placed to
fill the marrow cut across the two
traffic lanes, and a knot was tied in
each end to keep the band tight. This
was done to keep slurry from the
second saw cut from flowing into crack
and infiltrating the base and drainage
filter.

The first saw cut was 6.5 cm (2.6 in)
deep (one fourth of the slab thickness).
Observation of a section of completed
slab showed that all joint had cracked
through at joints giving good
uniformity of cracks. All jpints were
placed above notches in_the léan
concrete base.

Shoulder: Tied concrete shoulder on
outer lane.

Concrete: [Contragtor subcontracts to
testing, lab{that produces certified mix
desighi.

Concrete flexural strength for both
layers was greater than 5.5 MPa (798
ps1)-at 28 days (center-point loading).

Conventional paver was used for
slipforming pavement. An unusual
feature was "T" shape of the vibrators.

Base: 20-cm (7.9-in) lean concrete base
slipformed.

Notched within 20 minutes to about 35
percent of its thickness exactly beneath
the joints in the concrete slab as shown
in Figure 2.5.

The goal is to bond the lean concrete to
the concrete slab through cleaning and
wetting the surface. The base is
watered three to four times per day.

Dowels and tie bars were placed in the
lower layer.

Lanes were widened 0.5 m (1.6 ft).

The slab has a 2.5 percent cross-slope
for good drainage.
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Figure 3.12 Thick granular bl@nket placed beneath'éan concrete base in Germany.

Subbase: A granular layer exceeding
30 cm (11.8 in) was placed directly on
the subgrade. Figure 3.12 Shows the
thick granular layer placed beneath the
lean concrete base.

Profile: The new twg@-layer pavement
ridesgveiywell.

Subdrains: The subdrainage system
was detailed uficer the'description of
the current German cross-section.

* Traffic Loadings

Traffic loadings are very heavy today
on the German autobahn. This
network is only 1.7 percent of
Germany’s total highway length, but
carries 27 percent of its traffic. A
typical autobahn has an ADT of 40,000
with 25 percent heavy trucks. The

legalmaximum single-axle load was 10
tons (22,000 pounds) up to 1989.
Today it is 11.5 tons (25,300 pounds)
and it will probably be 13 tons

(28,700 pounds) in 1993. A large
amount of truck traffic exists on both
east-west and north-south autobahn in
Germany.

* Summary for Germany

The performance of the post-1970
jointed plain concrete pavements in
Germany can only be described as
exceptionally good. There are very few
problems with the current design and
it is competing economically with
asphalt pavement.
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The reasons for the good performance
include the following:

v Variably spaced doweled joints,

v Bonding of the concrete slab to the
cement-treated base or lean concrete
base to reduce erosion and pumping at
the interface and to reduce curling,

v A high-quality base that is resistant
to erosion,

v Good-quality aggregates in the
concrete, especially in the surface,

v The thick granular layer above the
subgrade,

v The concrete’s resistance to freeze-
thaw damage due to careful air void
control during constructidnpand

v The two-pipe surface and subsurface
drainage system.

A long pavement life with low
maintenance is expected. JPCP has
been built as néw pavement and/as
overlays.
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3.4 The Netherlands

* Concrete Pavements in the
Netherlands

Concrete pavements have been
constructed in the Netherlands for
many years, mostly in the southern
portion of the country due to serious
settlements in the northern portion.
Concrete pavements have been built on
provincial highways, freeways, and
airports. Many bike paths were
observed to be constructed of concrete.
In addition, concrete block pavers have
been used extensively in the
Netherlands in urban areas.

The Study Tour observed several
concrete pavements on both the
freeway system and provincial
highways located in the southetn
portions of the country. The oldest
pavement observed was constructed in
the 1950’s. Many of these conerete
pavements carry heavy traffi¢ because
the Netherlands has some kéy truck
routes that carry cargogto and from the
port cities to the rest/of Europé

These pavements are fiearly all jointed
plain{conctete. A few sections of
CRCP have beeneenstructedhlately on
freeways.\ Many sections,of prestressed
concrete paverfients alsoexist at
Schiphol Airport near Amsterdam.

The major area of current concern with
concrete paveprients in the Netherlands
is tire/ pavement noise characteristics.
Major laboratory and field studies are
underway in the development of low-
noise surfaces that also have adequate
friction and service life.
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The Netherlands utilizes concrete block
paving (CBP) extensively. Nearly 20
million square meters (23.9 million
square yards) of CBP are placed each
year. CBP blocks were intrdduced in
the early 1950’s and are now used for a
wide range of applications from
domestic pavements to complicated
industrial pavements. (4)

* Designs

Freeways and Highways. Seme older
JPCP have been consfructed in the
Netherlands., The Study Tour travelled
over a section,of badlyfatilted
undewelled JPCP on a sand base
(NZ270) that was constructed in the
1950's andloaded with heavy truck
traffic. Dowels"are required for
transvesse joints of JPCP in the
Netherlands.

One district in the southern part of the
Netherlands prefers concrete
pavements, due to their low
maintenance and long life, and has
constructed many sections. The costs
of concrete and asphalt pavements are
about the same in this area. The two-
lane, two-way provincial highways
typically consist of a 21-cm (8.3-in)
JPCP slab with dowels and lane
widening on each edge (the paint strip
is painted 20 cm (7.9 in) from each slab
edge).

The Netherlands adopted the German
JPCP design during the early 1980’s.
This design included slabs 20 to 22 cm
(7.9 to 8.7 in) thick, variably spaced
dowels in joints, 5-m (16.4 ft) joint
spacing, 11 m (36.1 ft) total full
pavement width (two lanes 3.5 m
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(11.5 ft) wide, a 1 m (3.3 ft) inner
shoulder and a 3 m (9.8 ft) outer
shoulder. Currently, the slab thickness
is 26 to 28 cm (10.3 to 11.0 in) and
dowels closely spaced (25 cm (9.8 in))
in the wheelpaths.

Some CRCP on freeways was also
constructed in 1990 with a porous AC
surface for low noise and good friction.
The CRCP is advantageous because
there is no reflection cracking from
transverse joints through the porous
AC surface. Another CRCP is
currently under construction at this
time with both a porous AC surface
and a porous concrete surface being
placed.

The base for the freeway pavements is
lean concrete over a sand subbaseaThe
lean concrete contains recycled fubble
from old concrete. Differing fiom the
German design, the Netherlandg does
not make attempts to bondithe slabyto
the lean concrete bas¢ and does not
notch the base. However, it wasfstated
that the slab bonds to the base anyway
for 10 years or niore. Some problems
with reflection €racking were reported.
The depth of the side ditches are about
1 m (3.3 ft) below the base. Joints are
sealed to Keep out ingompressibles.

Concreté Bicycle Paths. The Study
Tour also observed many concrete bike
paths (JPCP with short joint spacing
and no dowels). Bicycles are a major
form of transportation in the
Netherlands. The paths were used
jointly by bikes and local farm
equipment.

Airport Prestressed Concrete
Pavements. The Schiphol Airport in
Amsterdam, which opened in 1967, is
one of the largest in the world and
carries a large amount of heavy aircraft
traffic. After a comprehensive study,
the airport chose to buildyprestressed
concrete pavements ofi runway ends,
all aprons and hanger floors. Since the
original construction, many additional
prestressed comerete pavémentsdiave
been built dite to airport expansion, so
that now Some 700,000@&quare meters
(837,000 squaré yards) of prestressed
pavement exists at the airport. Many
of these pavemeiii§ are now 25 years
old and have shown excellent
performance with very low
maintenance. (1)

The pavement design is 18 cm (7.1 in)
of prestressed concrete pavement,

2 mm (0.08 in) asphalt sand, 60 cm
(23.6 in) of soil cement, and 20 cm (7.9
in) of sand over a clay subgrade that is
4 m (13.1 ft) below sea level. Slabs are
7.5 m (24.6 ft) wide by 30 to 120 m (98
to 394 ft) long. The original
prestressing consisted of high-strength
steel bars placed in tubes and then
grouted, laid in the longitudinal and
transverse directions to form a grid.
Improved methods have been used in
later years. (1)

* Noise Pollution

The Netherlands has adopted
legislation to decrease noise pollution.
The law requires that a theoretical
calculation be made of the noise level
of a newly constructed highway before
the road is opened to traffic.



Complaints have been received from
residents in this densely populated
country about the noise levels of
conventional asphalt and concrete
highway surfaces. Thus, extensive
research efforts have been devoted to
develop surfaces to reduce the noise
level.

Noise is generated by the engines of
vehicles and by the contact between
the tire and pavement surface. Policy
is directed to limiting the noise
emission at these sources and to
reducing the noise level by means of
measures like barriers or
embankments. Texture is the major
factor of concern in controlling

tire/ pavement noise emission. (2)
The following treatments are under
evaluation.

Surface Layer of Porous
Asphalt/Aggregate Mixture. A thin
layer (4 cm (1.6 in)) of porous_asphalt
has been determined to redufe the
noise level by over 3 dB(A)/relative to
dense AC on the A2 freeway at Weert
(see details below). There is concern
about the durability 6f a porous'AC
layer on a concrete paveément,
especi@lly With regard to'deterioration
from reflection crdeking. Somie sections
have been saweddand séaled with
reportedly good results. The mild
winters in the Netherlands prevent
problems with icing of the permeable
layer.

Surface Layer of Porous Concrete.
At least three field sites have been
constructed with a porous concrete
layer of 3 to 10 cm (1.2 to 3.9 in)
thickness. A polymer additive (more
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than 10 percent by weight of cement) is
needed to obtain frost and salt
resistance and a sufficiently high
flexural strength. Durability depends
on the polymer content. Thé€ porous
surface allows some of the air
compressed under the tire to escape
through the voids in the road surface,
reducing the roadside noisé. A 4 cm
(1.6 in) layer having gap-graded
aggregate with 25 pencent voids
produce the mostoise reduction (see
details below for A2 Weert site). For
new construction, thefporous concrete
surface is placed two to thre€ hours
after the slab is placed . WIfis cured by
covering it with plastic sheeting.

Surface Layernf Exposed Dense
Concrete. The surface is exposed
during eonstruction using the same
téchnique as in Belgium. Different
aggregate gradations were tested with
similapnoise reductions. (2) The
washed concrete noise level was
comparable to dense AC and less than
the conventional transverse brushed
concrete surface.

Surface Layer of Epoxy/Fine Grained
Aggregate. An epoxy resin binder was
applied to a hardened concrete surface
followed by a layer of crushed 3- to
4-mm (1.2- to 1.6-in) chromium ore
slag (brand name Durop) and the
surface was then rolled to produce a
mosaic-like structure. The Durop
surface treatment gave a noise
reduction of 6 to 7 dB(A) relative to the
original brushed concrete surface. This
treatment is comparable to porous
asphalt. (2)
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Surface Texture By Diamond
Grinding. This was performed on the
A28 freeway and showed a reduction
of over 3 dB(A) compared to the
original transverse brushed concrete
finish. However, this did not quite
meet the requirements by 1 dB(A). (5)

* Project Sites Observed
(All located near Eindhoven)

A2 Freeway, Weert. This site consists
of an original JPCP resurfaced with a
4-cm (1.6-in) porous asphalt and 3 cm
(1.2-in) porous concrete to reduce noise
levels. The Study Tour visit occurred
during a rainstorm and a major
difference in splash between a nearby
dense AC overlay and the porous
asphalt or porous concrete was
significant. Both the porous asphalf
and the porous concrete gave a yéry
smooth and quiet ride. Figure 2.14
shows the surface of the porous
concrete. Standing on thé¥oadside of
the porous concrete of asphalt surface
shows that noise creatéd from thé
passing heavy traffic 18 definitely less
than the noise lével near the denée AC
surface.

Reflegtion cracks {x0m the longitudinal
and transverse joints‘iththe JPCP were
coming through the porous asphalt
surface And starting to spall. The
porous concrete was sawed directly
over the joints in the JPCP and were
not spalling.

Compared to the dense AC surface, the
porous asphalt surface gave a
reduction in the noise emission level of

3.1 dB(A). The porous concrete gave a
noise reduction of 2.0 dB(A). It was
stated that the porous concrete would
have given a greater noise reduction if
its thickness was 4 cm"(1.6 in) instead
of 3 cm (1.2 in) and various
construction problems (lew -
workability) could be@avoided.(2), A
major problem with the porous asphalt
or concrete surfaces is that they fill up
with loose matefialand thus their
sound-absofbing characteristics
decrease within adlew y@ars.

N266'Highway, Udendand N279
Highway By-Pass Helmond. Several
test sectiohs were observed having
exposed aggregate surfaces. The
surface of ohe exposed aggregate
surface is shown in Figure 3.13. Noise
measurements show that the exposed
aggregate surfaces produce a noise
level comparable to a dense AC surface
for passenger cars only. For traffic
with 20 percent trucks, exposed
concrete surfaces gave a noise emission
level of 2.5 dB(A) greater than dense
AC.

» Traffic Loadings

The legal single-axle load in the
Netherlands is 10 t (22,000 pounds)
which is expected to increase to 11.5 t
(25,300 pounds) or greater in 1993 with
the rest of the European Community.
A considerable number of overloads
occur on the highway system.
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Figure 3.13 Expoded aggfegate surfaceifiithe Netherlands.

* Summary for the Netherlands

Concrete pavements in the/Netherlands
are currently being constructed in
greater quantities thafi before.\The
main problem that{@developed in the
1950’s was joint faulting as a result of
not ugingidowels. The@doption of the
German dowelled JPCP design
eliminated this problem and has
produced low-fiainteniance long-term
performancel There is a strong
willingness {0 try new ideas in the
Netherlands.

The main concrete pavement concern
now is reducing tire/ pavement noise.
Considerable research is underway and
several techniques are under
evaluation. Tt was stated that either
the porous (polymer) concrete surface
or the epoxy/aggregate surface

treatment could produce noise levels
comparable to that achieved by porous
asphalt. (2) Experiments have shown
that it is possible to obtain a surface
layer of porous concrete which meets
the requirements of noise absorption,
durability and strength, but further
research is needed. (2)
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3.5 Belgium

* Concrete Pavements in Belgium

Belgium has constructed concrete for
many years. A 67-year-old jointed
concrete pavement constructed in 1925
in south Brussels (Dreve-de-Lorrine) is
still in good condition, as shown in
Figure 3.14. Approximately 40 percent
of freeways are constructed with
concrete pavement (645 km (400 miles)
out of 1631 km (1023 miles) total)
which are mostly CRCP, but a lot of
jointed plain concrete pavement exists
also. For example, a 35-year-old
dowelled jointed plain concrete
pavement in good condition was
driven over on the freeway between

Einhoven and Brussels. The pavement
had a 20-cm (7.9-in) concrete slab on
15 cm (5.9 in) of cement-treated sand
and 15 cm (5.9 in) of untreated sand.
Several sections of everi 6lder jointed
concrete pavement were alse observed
during the tour. The Belgian
government favors CRCP due t0its
low maintenance requirements andhhas
built this pavement exténsively sinece
1970 as new pavement and as overlays
of old concréie and asphalt'pavements.

Belgium is{welldsiown for its
develgpment and extenSive use since
the early\1980's ofythé exposed
aggregate technique that provides
réduced 1olling noise and vehicle
vibration, levels but also a high-friction
surface.

Figure 3.14 Dreve-de-Lorraine highway, Brussels, a 67-year-old jointed concrete
pavement constructed in 1925 with no longitudinal joints.



* Designs

Both jointed plain (with dowels) and
CRC pavements have been constructed.
The original and current CRCP designs
are as follows (1):
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Item Original (1970-1978) Current (1979-1992)
CRC Slab 20 em (7.9 in) (high strength)  Same
Reinforcement 0.85 percent 0.67 perdent
Reinforcement Depth 6 cm (2.4 in) 9 (3.6 in)

AC Interlayer 6 cm (2.4 in) i

Lean Concrete Base 20 cm (7.9 in) Same

Granular Mat 20 cm (7.9 indeminimum Same

Longitudinal < 0.33 81ab 0.33 Slab

Joint Depth

*** This layer was gliminated for Several years but is now included.

Over 200,km (62 miles) o0f the original
CRCP design was built on freeways
which ¢arry heavy fiucks. It'has
shown exceptiofial perforinance: no
punchout§ have occurred over the past
20 years under very heavy traffic. One
of these 20-year-old CRCPs is shown in
Figure 3.15. This pavement has
recently been diamond ground to
reduce noise from the original harsh
cross tining.

However, in about 1978, the pavements
had very tight closely spaced cracks
(crack spacing was 0.5 m (1.6 ft)), and
the government became concerned that
the pavement would break up. On
subsequent projects the reinforcement
was reduced to 0.67 percent and the
AC interlayer was eliminated, which
resulted in a larger crack spacing.
Some of these newer pavements are
starting to show crack spalling and a
few punchouts. Typical crack spacings
are as follows.
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Figure 3.15 20-year-old CRCP i Belgium containing 0.85 percent reinforcement, AC
interlayerglearn concrete base and a granular subbase. (Note that a portion
was diaiond ground to‘teéduce noise emission of the original transverse

tining).
Constriietion Percent , Mean Crack
Season Reinforcement Spacing, m (ft)
Summer 0.85 (original) 0.40 (1.31)
0.67 (newer w/o AC) 1.00 (3.28)
Winter 0.85 (original) 0.75 (2.46)
0.67 (newer w/o AC) 1.60 (5.25)




This close crack spacing for the 0.85
percent CRCP is also the result of the 6
cm (2.4 in) of AC interlayer tightly
bonded to the CRCP for the original
design. The bonding of the CRCP to
the AC interlayer is believed by the
Belgian engineers to provide a
structural equivalent of 2 cm (0.8 in) of
concrete.

At about the same time, the depth of
steel was changed from 6 cm (2.4 in) to
the 9-cm (3.6 in) depth used now
because of some problems with
construction. On a sunny day one may
see the bar pattern due to an effect of
vibration near the longitudinal bars:
the concrete vibrates more under the
bar, causing unevenness of the surface.
However, Belgium still believes that it
is best to place steel above middepth to
keep the cracks tight.

Several CRCP sections constructed
since 1978 with no AC interlayerand
0.67 percent steel at a depth@®t'9 ¢
(3.6 in) have had larger crack spacings,
wider cracks, erosion of the lean
concrete base, and soine punchouts.

When the shoulders‘inelude an AC
surfage With a granular base, water can
drain laterally. wHowever, when full-
depth AC is placed aga shoulder, a
bathtub exists dnd significant erosion
occurs, followed by punchouts.

A corrosion study was recently
conducted, iry which cores at CRCP
cracks were examined. Only minimal
corrosion was observed, particularly
for the original (0.85 percent steel)
sections. The loss in cross-sectional
area of reinforcing bars, as measured in
the most severe cracks in the original
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and current sections, does not exceed 5
percent for either design. (2)

* CRCP Overlays

A number of CRCP overlays have been
placed on old concrete pavements and
on old asphalt pavements.
Performance of these overlays has
generally been good.

s Concrete Matefial

The concrete has not#ontained air
entraining @gent. However/a high
cement content (400 Ka/m® (674
pounds/yd®) produces a strong, dense
coricreidywith a compressive strength
Minimum ©fB5 MPa (7,860 psi) and a
mean of about /' MPa (10,000 psi) at
90 days, The water/cement ratio is
low, at 040 originally and 0.45 now.
No\freeze-thaw or any other durability
problems exist and no joint
deterioration problems exist. The high
cement content helps reduce surface
wear also.

Concrete pavements have been
recycled back into lean concrete base,
but not surface concrete because
Belgium has an abundant supply of
very good aggregates.

* Noise Pollution

A major concern about traffic noise
exists in Belgium. This is largely due
to the dense population, especially near
highways. Between 1965 and 1975 a
large amount of highway construction
occurred in Belgium and most of the
concrete pavements were textured by
transverse coarse tining. This was very
good for friction and hydroplaning but
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caused considerable road noise and
vibrations, which precipitated many
complaints.

In 1980, Belgium began using an
exposed aggregate technique which is
described below for the E40 project. In
Belgium, however, the slab is placed in
one layer only with high-quality hard
aggregate throughout, not in two layers
as in Austria. This patented exposed
aggregate technique has been used
extensively and provides a durable
surface that has about 4 dB(A) less
rolling noise than cross tining. (Rolling
noise is the noise produced by the
contact of the tire with the pavementy)
This is about the same rolling noise
level as porous asphalt exhibits after
one year (porous asphalt becomes
clogged with fines and the noise level
increases with time). PorQus asphait
overlays of concrete pavements only
last 5 to 10 years and then need fo be
replaced due to deterioration,

¢ Project Sites Obséived

E40 Freeway ngar Bierbeek.
Longitudinalldiamond grinding was
recently completed on this 20-year-old
CREP as a solution to noise caused by
a fairly coarse surface transverse
texture (6 mm (0:24 in) depth and 25
mm (1 ix) spacing), as shown in Figure
3.15, About 4 to 6 mm (0.16 to 0.24 in)
of sugface was ground off and the
bottom of the transverse tining was
still present after grinding. This CRCP
carries 63,000 ADT with 20 percent
heavy trucks and is in excellent
structural condition with no punchouts
and close crack spacing. The measured
rolling noise levels in dB(A) are shown
below. The grinding reduced the noise
level by an average of 4 dB(A).

Lane Before After
Grinding  Grinding
1 87.9-90.3 83:4-86.8
dB(A)
2 90.2-91.3 £6.2-87.5
db(A)

The vibration level in the tour bus was
significantly lower riding over the
grouiidh pavement than over the
original cross-tined€urface. Measured
friction lumbers increase significantly
after grinding also.

E40 Bertemn Widening Construction
Site (near the grinding site). The
existing 21-year-old, 20-cm (7.9 in)
CRCP with 0.85 percent steel was
being widened with an additional
CRCP traffic lane. An added objective
was to provide a low-noise surface
texture.

v The low-noise surface texture was
produced by chemically exposed
aggregate. The slab is placed in one
layer (the steel was placed on chairs)
with the same aggregate throughout its
depth.(2 cm (0.8 in) maximum size).
After the paver passes, the surface is
immediately sprayed with a retarder
which penetrates several millimeters
into the mortar. A polyethylene sheet
is then placed over the surface as
shown in Figure 3.16. This serves to
protect the retarder from the effects of
inclement weather and to provide for
curing when the retarded surface
mortar is removed through special
wire brushing after 24 to 72 hours.
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Figure 3.16 Polyethylene sheefing plated over concrete surface after retarder has been

sprayed (Robuco process). (4)

The surface aggregate is explbsed to
achieve the desired texturé using a
rotating brush shown in Figure 3.17.
Either a sugar-based/retarder which
provides a 2 mm (0i8 in) texturenuséd
on the E40 project), 0r a chemical
retarderwhich provides a finer 1 mm
(0.4 in) texturén(as used i Austria)
may be used. (4)

v The tranéverse steel reinforcement
was skewed to avoid the potential for
causing transverse cracks and has been
standard for many years.

E40 Freeway CRCP. Traffic on this
route is very heavy and similar to the
E40 project at Bierbeek. This pavement
is 20 years old. It has 0.85 percent steel
at a depth of 6 cm (2.4 in), a 20-cm
(7.9-in) CRC slab, 6 cm (2.4 in) of AC,

20 cm (7.9 in) of lean concrete and
about 30 cm (11.8 in) of gravel. Cracks
are spaced about 0.5 m (1.6 ft) and are
very tight, with no failures. This
project is an example of the original
Belgian design that has provided
excellent service.

A12 Freeway CRCP Overlay. This
pavement is 12 years old. It has 0.67
percent steel at a depth of 9 cm (3.6 in),
and a 20-cm (7.9 in) CRC slab placed
over a badly rutted AC pavement.
Cracks are spaced about 1 m (3.3 ft)
apart and a few are spalling, with
pumping and a few punchouts
occurring.

N45 Aalst Whitetopping with Fibrous
Concrete. This project has an ADT of
12,000 with 15 percent trucks.
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Figure 3.17 Rotary brushfemovihg thin surface layer of mortar to provide the exposed
aggregate surfacéaffer polyethiylene sheeting has been removed.

It consists of a 3-year-old thin steel-
fiber-reinforced concréte overlay (30
kg/ m?3 (50 pounds/ yd3), 5cm (210)
long) placed ovfr a badly rutted AC
pavement. TFhe overlay wasyi2@m (4.7
in) thick with a 10-m (32.8-ft)
findowelled joint Spacing. A transverse
joint is'shown in Figure 3.18. The
existing zZ-cm (8:7-in) AC pavement
wasg mille@l 12 coi'(4.7 in) prior to
placemént of the 12-cm (4.7-in)
fiberized concrete overlay. The
pavement was in excellent condition.

Belgium has constructed over 130,000
square meters (155,500 square yards) of
this type of overlay. This pavement
has performed best when placed over
existing AC pavement or when a 4.5-
to 6-cm (1.8 to 2.4 in) layer of AC was
placed over an existing concrete

pavement prior to the fibrous concrete.
No cracking or other distress was
observed. A 12-cm (4.7 in) thickness is
considered a minimum for design and
a 5 m (16.4 ft) joint spacing has worked
the best. It was stated that there are
actually few fibers at the surface (less
than 1 percent) so that if they corrode
it would not affect performance.

The design assumes that the fibrous
overlay bonds to AC. Normal concrete
overlays of AC pavement would be

18 cm: Belgium assumes that two
thirds of this normal thickness may be
used with steel fiber reinforcement. (3)
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Figure 3.18 Surface and transveise tining of fiber-reiniforced concrete overlay of an AC

pavment in Belgium,

» Traffic Loadings

Traffic loadings in Belgiuni are very
heavy. Figure 3.19 shows axléload
distribution data fé11965 and 1991
obtained from Belgiumy, Note the
heavy lodds and the significant
increase over time. The annual
number of axles over the current U.S.
limit of 8.9 t (20,000 pounds) is 13
percent. Thére is very little

enforcement of load limits in Belgium.

* Summary for Belgium

The performance of concrete
pavements in Belgium can only be
described as exceptionally good,
especially the original CRCP. The
primary reasons include the following
for the original design:

v The previously used 0.85 percent
reinforcement placed 6 cm (2.4 in) from
the top of the CRCP slab,

v High cement content (400 kg/ m?
(674 pounds/yd?)) for good wear,

v The 6-cm (2.4-in) AC interlayer
providing good bond between the CRC
and the lean concrete layer to reduce
erosion,

v The thick granular layer above the
subgrade, and

v The high-strength concrete and its
complete resistance to freeze-thaw
damage.
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Figure 3.19 Adléload(distribution in Belgium in 1965 and 1991.

A design life of 30 years emmore
design life with low méintenance is
expected due to the tight closely
spaced cracks andsabsence of erosion.

Several recerit désigns included
reduction in steel content to 0.67
percént, placement of the steel 9 cm
(3.6 in) ' deépyand elimihation of the AC
interlayer. ~This pavement design has
not perfaiimed as well as the original
CRCP design: the cracks are wider
and erosion has occurred between the
slab and \the lean concrete base. It has
been reported that the AC layer is now
being used again.

CRCP has been built as both new
pavement as well as overlays. The
CRCP pavement is paved directly over
bridge decks. Bridges are designed to
carry this increased dead weight.

* Belgium References

1.

Dechanps, Y., R. De Paepe and
P. Dutron, "Belgian Experience
With CRCP," Proceedings of the
First International Conference on

the Design of Concrete

Pavements, Purdue University,
1977.

Verhoeven, K., "Corrosion in
CRCP," Belgian Cement Industry
Collective Research Centre,
Belgium.
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3.6 Other Countries (Spain, Portugal,
Switzerland, Italy)

Due to travel and time constraints the
US TECH Study Tour could not visit
all of the countries in Europe that are
building concrete pavements. The
countries of Spain, Portugal,
Switzerland and Italy, among others,
have built concrete pavements to
varying degrees. A representative
from each of these countries graciously
agreed to make a presentation to the
Study Tour in Dusseldorf, Germany.

In addition, a representative of
CEMBUREAU, a cement industry
association which represents 19
countries, gave a presentation on the
use of cement and concrete pavements
in Europe. A summary of only the key
points of their brief presentations
follows.

* Spain

Early Concrete Pavements. Jlhe first
concrete pavement in Spain was built
in 1915. A few concrete pavements
were built thereafter fintil the 1960's
when a few dowelléd [PCP paveéments
were constructed. The first was a
sectionl 8f,dowelled JPCPinear Madrid
in 1963 havingma,25-cm (98%in) slab
thicknegs, a sand base,and 5and 6 m
(16.4 and 19.7 £f) joint'spacing. This
pavement gaVe good performance for
many year§ until it was widened and
overlaid in 1981. (1)

In 1968 the first freeway JPCP was
constructed near the 1963 project with
doweled joints spaced at 6 m (19.7 ft),
a 25-cm (9.8 in) slab thickness, a 15-cm
(5.9-in) CTB and a 10-cm (3.9-in) sand
cement subbase. The shoulders were
AC. All joints were sealed with
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neoprene compression seals. The
traffic level is now about 5000 trucks
per day in each direction and the ADT
is 80,000. This section is still in good
condition, having carried oyeér 30
million trucks in each directiGmywith no
significant structural distress.

California JPCP Design. In 1971,
extensive construction began using
slipform pavers and the "California”
JPCP undowelledgpavement was
adopted by the £6ll roads.” Oyer 700
km (440 miles) of tweflane One-
direction fifeways 6f this pavement
had been constructedyup t6 1985,
mostly by toll roads. Thiese pavements
wefe generally 25 cm (9.8 in) thick, had
skewed joinits, and 15 cm (5.9 in) of
CIB. A nonplastic granular material
was placed under this layer in areas of
poor subgrade. No subdrainage pipes
were placed. AC shoulders had a
granular base. Heavy traffic on these
pavements resulted in pumping and
faulting, followed by cracking which
has caused considerable roughness.

Design modifications made in the late
1970’s included thicker slabs,
trapezoidal sections (24 to 28 cm (9.4 to
11.0 in)), reduction of joint spacing (3.7-
4.6-4.0-4.3 m (12.1-15.1-13.1-14.1 ft)),
lean concrete base, cement-stabilized
granular base for the AC shoulder, and
slotted longitudinal pipe for
subdrainage. This pavement design
has performed well and faulting is not
significant.

Current Design Catalog. For heavy
truck highways (800 trucks per day in
the design lane), due to the availability
of automatic dowel inserters, and to
provide more reliability against
faulting, the conclusion has been
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reached that dowels must be used.
This is now standard practice in Spain.
Contractors are now equipped with
automatic dowel insertion equipment.
The cross-section is trapezoidal and the
thickness depends on the truck traffic
and subgrade support. A design
catalog is available that specifies the
following slab thicknesses:

First Year Trapezoidal

Trucks per lane  Slab

per day Thickness

> 2,000 26-30 cm
(10.2-11.8 in)

< 2,000 23-27 cm
(9.1-10.6 in)

A 15-cm (6-in) base, usually lean
concrete, is specified forf either case. If
the subgrade CBR exc¢éeds 20 percent
no granular subbase i required. If the
subgrade CBR ig between 10 and 20
percent, a 20-ém (7.9 in) granulaf
subbase layer i§ required. If"the
sfibgrade CBR isléss than 10 percent
the soil isyunacceptable and must be
replaced. (1)

Dowels{(2.5-cm (1-in) diameter) in a
plasti¢ tube are clustered in each wheel
path (18 dowels spaced over two traffic
lanes with six dowels in the outer
wheel path spaced every 30 cm (11.8
in)). Transverse joint spacing is 5 m
(16.4 ft), perpendicular to the
centerline, and sealed in wet areas but
not sealed in dry areas. Longitudinal
joints are sealed in all pavements and
include tie bars. (1)

Concrete for Slab and Base. Concrete
containing crushed limestone as the
coarse aggregate has proven to yield
low shrinkage and good flexural
strength, and facilitates(jpint sawing.
The requirement that atleast 30
percent of the fine aggregate be
composed of siliceous garticles has
resulted in pavements without friction
problems associated with texture wear.
Concrete must attain afléxural stténgth
at 28 days of@.5"VilPa (640 psi)sin third-
point loadifig. Lower-strength concrete
can be used buthe slab thickness
must Pe incredsed. Blefided cements
containing flyashyaredised in the
concrete (38 percent) and lean concrete
Dase (50 percent). A large cost
reduction Was obtained by the
government for these blended cements.
The water/cement ratio is between 0.44
andh0.50, slump is between 2 and 4 cm
(0.8°and 1.6 in), and plasticizers are
used in drier mixes.

The lean concrete or cement-treated
bases must have a minimum
compressive strength of 8 MPa (1143
psi) at seven days; or alternatively not
less than 12 MPa (1714 psi) at 90 days
for slower-strength-gaining mixtures.
To prevent reflection cracks from the
base to the slab, a plastic sheet is laid
on top of the base.

Curing Compounds. The high
temperatures and low relative
humidity in Spain have made it
necessary to use high-quality curing
compounds based on organic resin
solutions.

Joint Sawing. The extreme
temperature gradients prevalent during
construction produce high curling
stresses. It is necessary to saw the



longitudinal joint at the same time as
the transverse ones instead of delaying
its cutting which is the usual practice.
All of the joints need to be cut the
same day the concrete is placed.

More than 800 km (500 miles) of two-
lane, on-direction freeways have been
constructed with this general design.
These pavements are performing very
well in Spain.

CRCP Design. CRCP was constructed
on one long section in northern Spain
in 1975. This section has carried very
heavy traffic (ADTT exceeding 5,000).
Two traffic lanes are 7.5 m (24.6 ft)
wide, 22 cm (8.7 in) thick, with a 16-cm
(6.3-in) CTB, and a 22-cm (8.7-in)
granular subbase. The amount of
reinforcement was 0.85 percent. One
test section had 0.73 percent witlhno
change in the pattern of cracking.. Fhe
steel was placed on chairs. The
performance of the CRCP has been
excellent and has required veiy litte
maintenance work. Recently, other
CRC pavements have been|constructed,
The design catalog allows a‘thickness
reduction of 4 cm (@6 in) from

JPCP. (1)

Surface Texture,, Many surface
texturing techniques have been used in
Spain, ranging fiom burlap to tining.
Longitudmaldexturing produced by a
combination of brush and comb
achieves both a microtexture (with the
brush) and a‘macrotexture (with the
comb), whose initial grooves are about
1.5 mm (0.06 in) deep. However, in
the latest construction project a less
rough texture is sought: 0.7 to 1 mm
(0.03 to 0.04 in). Measurements of
friction and rolling noise taken after

115

several years of operation
demonstrated that these procedures
have given excellent results. (1)

Roller-Compacted Concreted\This
material is defined as a homogenous
mixture of aggregate, water and
cement which is laid in similarfashion
to CTB, although its cement content is
similar to that of regular cOrcrete
pavements. Over 4 million §quare
meters (4.78 milliofi square, yardshof
roller-compacted concreté pavement
have been construicted in Spain since
1970 on low- and high-volumie roads,
widening, and overlays,

Roller"eampacted concrete requires no
specialized eguipment and enables the
road to be immediately opened to
tratfi¢ after compaction. This is
particulaily beneficial for overlays.
Surface unevenness problems require
an'§to 10-cm (3.1- to 3.9-in) AC
overlay for higher-speed pavements.
The RCC ranges from 22 to 25 cm (8.7
to 9.8 in) and the soil cement base is 20
cm (7.9 in) thick. Lighter roads require
thinner layers.

Joints are now provided at 7- to 10-m
(23- to 33-ft) intervals to try to reduce
reflection cracking through the AC
layer. One section recently constructed
near Madrid had a joint spacing of 2.5
to 3.5 m (8.2 to 11.5 ft). After two
years and over 1 million trucks, only
0.5 percent of the cracks have reflected
through. (1)

Traffic. Truck traffic in Spain on
freeways ranges from 1000 to over 5000
ADTT in one direction. The legal axle
load limit in Spain is among the
highest in the world: 13 t (28,600
pounds) for a single axle and 21 t
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(46,300 pounds) for a tandem axle. The
most recent weigh-in-motion data have
shown 4 percent of axles above the
legal limit, with some loadings of 20 t
(44,000 pounds) on a single axle and

30 t (66,000 pounds) on tandem axles.

Spain Reference

1. Jofre, C., "Spanish Practice and
Experience With Concrete
Pavements," paper presented to
the US TECH Study Tour in
June, 1992.

* Portugal

Concrete pavements were constructed
in Portugal during three time periods:

v 1935-1945, when 70 k(43 miles) of
heavily trafficked routes were
constructed with concrete. These are
are all still in service.

v 1945-1965, when spme concrete
pavements were constructed on
military bases. 41965 the first
prestressed pavement in thewefld was
constructed at'Beja NATO airtield.

v 1965%en, when construction of the
national network of highways began.
Begause of increased axle loads and
increaséd traffic, concrete pavements
are very competitive with asphalt
pavements. The design life used in
Portugal is 30 to 40 years. From 1986
to 1992 ‘about 130 km (80 miles) of
concrete pavements (mostly JPCP)
were constructed. This was 10 percent
of the total highway mileage
constructed, and included the first
JRCP and CRCP. Concrete paving
blocks are also used in Portugal.

It is expected that about 20 percent of
the major highways will be constructed
of concrete.

The current JPCP desigihused in
Portugal is a 23-cm (9.1 1 )slab with 15
cm (5.9 in) of CTB. The currént JRCP
design is a 20-cm (7.9 ifi) slab'and a 15-
cm (5.9-in) CTB. Thellongitudinal
reinforcement is 0.06 percent area.

 Italy

The past (fhat bfought about the
presefit): Andgent Rome was the center
of an extensive 80,000 km (50,000 mi)
network of roads that crossed many
countries. The first link to the south
was the,ancient Via Appia (or Appian
Way) that radiates out from the center
of Rome. Construction of the Via
Appia began in 312 B.C,, and it is still
being used today after 2,000 years, as
shown in Figure 3.20. The Via Appia
has been called the "most famous road
ever built in any age or any clime."(3)

"The prestige of the Via Appia has
continued to grow with each
succeeding century because of the
excellence and durability of its
construction.” (3)

Grooves from ancient wheels were
observed on some of the stones. The
original surfacing layers are gone, and
the existing surfacing consists of fairly
large stones imbedded in the
foundation. This pavement is up to
10.7 m (35 ft) wide with curbs on both
sides.
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Figure 3.20 Via Appia Romangoad, bafilt 312 B.C.,'south of Rome (note that the truck

is parked off the main réad).

"In the most advanced stage 6fits
improvement, Via Appia was built by
first excavating a trench in the natural
soil down to a solid féundation. The
earth was tamped svith beetles and
covered with a light bedding of sand
or moffar upon whichiwere laid four
main Courses: :

(1) The‘statumen’ layer of large, flat
stones 25 to 60 c¢cm (10 to 24 in) in
thickness;

(2) Next the ‘rudus’ course of smaller
stones mixed ‘with lime, some 23 cm (9

in) thick;

(3) The 'nucleus’ layer, about 30 cm (12
in) thick, consisting of small gravel and
coarse sand mixed with hot lime; and

(4) On this fresh mortar was placed the
‘summa crusta,” or wearing surface, of
flint-like lava, about 15 cm (6 in) deep.

The total thickness of the four courses
described above varied from 0.9 to

1.5 m (3 to 5 ft). The massive solidity
of this thick roman cross-section was
standard practice for more than 2,000 -
years until superseded by Macadam’s
light wearing surface in the nineteenth
century." (3)

Although these roads were built
primarily for military purposes, it is
hard to imagine the long-term thinking
that went into building such incredibly
thick and durable pavements to carry
the traffic that existed at the time.
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 Some interesting axle weights:

v Maximum Roman axle load for slow
freight wagons: 0.7 t (1,436
pounds) (3)

v Recommended wagon axle loagd by
Telford in 1819 (England): 1.8 t (4,000
pounds) (3)

v Current legal axle load in USA 9.1t
(20,000 pounds)

v Current legal axle load in some
European countries: 13 t (28,652
pounds)

One historian stated that "As early a€
the eulogy of Appius Claudius the
building of the Via Appia was put on
the same plane as military victories or
political deeds." Anotherdiistoriafi
stated, "The Roman engineershhad a
clear idea of the true value of the road
and of false economy in materialé and
labor, and their technigfie hias not been
excelled until quite refent years.”

These ancient Réinan toads that were
built over many parts of Earope‘must
have had an inflience on modern day
Eurepeans as to theé,value of making a
substantial investmenbin a quality
highway infrdstzucture that will
provide séivice for Jong time periods
without disruption.

The present: JPCP without dowels
and JRCE were built in Italy from 1950
to 1975." One heavily trafficked JRCP
was observed in Rome by a Study Tour
member, a four-lane highway (the
modern Via Appia) constructed in 1950
(42 years old). The pavement has a 20-
cm (7.9-in) thick slab, 12 m (39 ft) joint
spacing, and was observed to be in fair
condition with joint spalling and some

deteriorated transverse cracks. Some
joints had been repaired with concrete.
The concrete is very dark because it
contains a dark igneous rock.
Expansion joints had béen cut in the
pavement which allowed nearby cracks
and joints to open up and deteriorate.

Traffic. On Italian highways, trucks
are typically 25 to 30 percent of ADT,
Axle load distributions ffem the weigh-
in-motion scale on the AT freeway near
Rome for singles aid tandems are
given in Figure 3.21. The measured
maxigium single axle load is 14 t
(30,900 poundsjpthe tandem axle limit
is 29 t (63,900 pounds), and the triple
axde limit is 39 t (86,000 pounds).

The Autostrade toll road company has
tecently developed a design called
FPolyfunctional Composite Pavements
(PCE). (1) This design consists of the
following:

v 4 cm (1.6 in) porous asphalt surface
v 22 cm (8.7 in) CRCP (12.8 m (39 ft)
wide with two longitudinal joints)

v 20 cm (7.9 in) CTB

v 20 cm (7.9 in) granular layer

PCP A1l Project. Two major PCP
projects were constructed in 1988 on
the A1 and the A12 near Rome, both of
which have very heavy truck traffic
(approximately 5,000 trucks in one
direction). The crack spacing in the
CRCP was reported to be 1.2 to 2.5 m
(3.9 to 8.2 ft). This section has three
lanes in one direction and the CRCP
slab is 12.8 m (42 ft) wide with two
longitudinal joints. One key aspect is
that the two longitudinal joints are
spaced so as not to be in the wheel
paths of trucks, so that truck wheels
usually produce interior loads.
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Figure 3.21 Italian axle load distributions measured hear Rome on freeway system.

Also, the CRCP continues on 1.8 m (5.9
ft) beyond the painted edgeéiripeto
eliminate any edge loading. At this
point, a porous concrete base begins tg
provide for drainagef{ This ‘pavement
has a 2.5 percent gfess-slope. “No
cracks or any other diStress were
obserdedhafter four yearshof service.
The porous asphalt surfacing provides
a very guiet ride. There is a noticeable
difference (abofit 3-4 dB) between this
surface and @ conventional AC surface
that exists\on the next section of the
Al.

Concrete properties measured on the
A1 CRCP project are as follows: (2)

v Mean flexural strength at 28 days:
8.3 MPa (1186 psi)

v Mean compressive strength at 28
days: 56.5 MPa (8072 psi)

v Water/cement ratio: 0.42

This design has the following
advantages: (1)

Eliminates hydroplaning,
Eliminates tire spray,

Good friction resistance,

Low emission of tire/pavement
noise,

Smooth ride,

Waterproofing of cracks in CRCP,
Resistance to fatigue due to interior
loadings, and

Easier maintenance (surface replaced
at seven years)

N OSNSNSN NSNS S
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It is expected that about every seven
years the porous AC will need to be
milled off and replaced due to clogging
from fines or other problems. The total
structural design life is 40 years.

Cost Comparison. A cost comparison
of the PCP versus the conventional
semi-rigid pavement that has an AC
surface over lean concrete or CTB was
given as follows, where R equals the
ratio of the cost of the PCP divided by
the cost of the semi-rigid pavement:

Item R

Construction 1.30
Maintenance 0.30
User costs 0.55
Total life-cycle costs 0.87

Italy References

1. Camomilla, G and A.
Marchionna, "P.CP.
Polyfufictional Compesité
Pavements)" Technical Report,
Autostrade Central Maintenance
and, Research Division, Rome,
Italy, 1991,

2. Marchionna, A., et al., "Cement
Concrete Characteristics for
Road Pavements, Practical
Experience with the
Polyfunctional Composite
Pavement," Proceedings: 6th
International Symposium on
Concrete Roads, Madrid, Spain,
1990.

3. Rose, A. C., "Public Roads of the
Past - 3500 B.C. to 1800 A.D.,"
AASHTO, Washington, D.C,,
USA, 1952,

* Switzerland

Switzerland has a 70-yéar tradifion in
building concrete paveéments. Several
existing concrete pavements were
shown to the Study Tour), A design
catalog is aydilable that was déveloped
using the AASHT@ design procedure
and varying the@ubgrade and traffic
level.{ A manial for concrete pavement
design and constemetion practices dated
1992 will soon be available. It was
reported that concrete pavements
requiréabout 20 percent less electrical
energy tor lighting than AC pavements
due to the lighter surface. JPCP, CRCP
and, prestressed pavements have been
constructed in Switzerland.

Example Project. The main runway at
Basal airport was built in 1956 and was
rehabilitated in 1986. Slabs were
replaced during the night and opened
to traffic at 5 A.M. with about 4.5
hours of curing time. The central keel
section (24 m ((79 ft) wide by 2600 m
(8530 ft) long) was completely replaced
over a three-week period. This
required only one week of complete
closure for all traffic and then night
work for two weeks where some
heavier aircraft were restricted from
using the runway during the day.

Concrete Durability. The key aspect
of the Switzerland presentation was
their quality control program to
achieve high durability. Since 1965,
highways in Switzerland have been
deiced using large amounts of chemical
deicing salts. This has increased the



durability requirements for concrete
pavement. Existing pavements at that
time suddenly developed damage from
scaling as well as concentrated
disintegration of the concrete paste
structure.

The durability of the concrete was
improved by increasing the quantity of
air voids, graded according to size and
uniform distribution in the cement
paste. The measurement of the total
content of air voids of the fresh
concrete was not sufficient for the
evaluation of frost and salt durability.
They believe that only an appropriate
testing method applied to the hardened
concrete can give valid information. (1)

The total air content should never be
less than 4.5 percent of total mix
volume. However, during plading,
consolidating and finishing of concrete
the total pore fraction, pore
distribution, and pore size in the
hardened concrete may be affected.
Therefore, rapid and practical
procedures were developed to examing
these in the hardenefl concrete for
construction proje¢ts. The micioscopic
control of concrete 1§ €arried out on
thin gections made from a concrete core
specimen impiegnated withya special
fluoresgent dye and examined under
the microscopé in transmitted
ultraviolet light. The complete quality
control process is as follows:

v Laboratory tests are conducted a
few months before the project begins.
Several concrete mixes are prepared to
develop a mix design of high
durability. The aggregates are
submitted to quality control: grain
shape, repartition, porosity, cracks,
content of mica and impurities are
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checked. Attention is paid to the bond
quality between aggregates and cement
paste. The suitability of the selected
air-entrainment agent is checked and
the proper dosage determinéd. The air
void system, size, quantity and
distribution in the cement paste are
measured. (1)

v Trial run tests take place two or
three weeks before construction to
evaluate the batchiing, mixing plant@é@nd
placement equipment tg fest the
suitability of the mix@esigil from the
laboratoryfiinder id situ working
conditions.| The coneseteds mixed,
hauled and placed in two or three trial
slabs that are constructed on site.
Several tesheores are obtained as soon
as possible and tested in the laboratory.
Theséyresults are compared to those
obtained, from the previous laboratory
résults and any adjustments needed are
made to the mix or construction
process. (1)

v During the first few days of
construction, cores are taken from the
pavement and tested in the laboratory.
A microscopic analysis is again
conducted to ensure the hardened
concrete maintains the proper air void
system. These results are available
within 36 hours after the concrete is
placed. If the air void system is
inadequate, a rapid-cycle freeze-thaw
test is conducted on one of the cores
(Dobrolubov-Romer method). (2)

If the air void system is inadequate, the
surface of the concrete is impregnated
with an agent (3). These quality
control procedures have led to the
elimination of frost-salt durability
problems in concrete pavements in
Switzerland.
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Switzerland References

1. Wilk, W. and G. Dobrolubov,
"Microscopic Quality Control of
Concrete during Construction,”
Bulletin of Betonstrassen AG,
Concrete Roads Ltd., Wildegg,
Switzerland, July/September
1981.

2. Dobrolubov, G. and B. Romer,
"Guidelines for determining and
testing the frost as well as frost-
salt resistance of cement-
concrete," Bulletin of
Betonstrassen AG, Concrete
Roads Ltd., Wildegg,
Switzerland, June 1985.

3. Wilk, W., "The development of
quantitative and qualitative
microscopic control@f congiete
quality and durability,"paper
presented at the 6th
International Conference onl
Cement Microscapy, March 26-
29, 1984, Albuguierque, New
Mexico, USA.
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4 ACRONYMS, DEFINITIONS,
AND TECHNICAL TERMS

AASHTO

American Association of State
Transportation Officials

444 North Capitol Street, N.W.
Suite 225

Washington, D.C. 20001
Phone (202) 624-5800

ACPA

American Concrete Pavement
Association

3800 North Wilke Road, Suite 490
Arlington Heights, Illinois 60004
Phone (708) 394-5577

FHWA

Federal Highway Administration
400 Seventh Street, S.W.
Washington, D.C. 20590

Phone (202) 366-0660

PCA

Portland Cement Associatiofi
5420 Old Orchard Road
Skokie, Illinois 6007-1083
Phone (708)966-6200

SHRP

Stratégic Highway Researeh Program
818 Connecticut"Avenue, N.W.

Suite 400

Washington, D.C. 20006

Phone (202) 334-3774

TRB

Transportation Research Board
2101 Constitution Avenue, N.W.
Washington, D.C. 20418

Phone (202) 334-2989

Definitions/Technical Terms

PCC - Portland cement concrefe

AC - Hot-mixed asphalt concrete
RAP - recycled asphalt contrete (used
in recycled concrete)

LCB - lean concrete base

CTB - cement-treatedgbase

JPCP - jointed plain concréte
pavements (with or withoutdowels)
JRCP - jointed reinfdrced concrete
pavements

CRCP - continuously feififorced
congrete pavements

dB(A) - moise emission level in decibels
US TECH = UiS. Tour of European
Conerete Highways

NCHRP - National Cooperative
Highway Research Program (USA)
LCPC - Laboratoire Central des Ponts
et Chaussees - Central Laboratory of
Bridges and Roads in France
CEMBUREAU - European cement
association :
BAST - Bundesanstalt fur
Strassenwesen (Federal Highway
Research Center in Germany)

ISTEA - Intermodal Surface
Transportation and Efficiency Act of
1991 (USA highway legislation)

R & D - research and development

Common SI (modern metric)
conversion units used in this report:

t - metric ton (1 t = 2204.62 pounds)
MPa - megaPascal (1 MPa = 145 psi)
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5 Appendix
Petrographic Report
on German Autfg\ Pavement

Synopftic Table on Standards and Practices

ete Roads in Europe
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5420 Old Orchard Road, Skokie, lllinois 60077-1030
Phone: 708/9656-7500 Fax: 708/965-6541

PETROGRAPHIC SERVICES REPORT

CTL Project No.: 154115 Date: July 30, 1952

Re: Microscopical Examination of a Concrete Fragment from the Autobahn neaf Berlin,

Germany

One concrete fragment (Fig. 1) was received on July 13, 1992 from Mr. Lawienee Cole,
Portland Cement Association. The fragment was reportedly taken from a se€tion of the
Autobahn concrete pavement near Berlin, Germany. The concféie is belived to have been
placed in 1938. Petrographic examination of the sample was requested by MisCole to
determine the quality of the concrete.

FINDINGS AND CONECLUSIONS

Based on the results of the tests petforméd, the following findings and conclusions are

presented:

1.  The sample is a hardg@@nse, good quality concrete consisting of siliceous and
calcareous aggre@ates in a portland ¢eément paste. The paste-aggregate bond is tight
and the congrete fractures through coarse and fine aggregate particles.

2. Estimated water-cement ratid, based on paste properties, is less than (0.35. Large
residual ¢ement particles (unhydrated portland cement clinker, UPC's) are abundant.

3. The,concrete 18 nbt air entrained. Estimated air contentis 1 to 2%. Most air voids

are small dnd lined or filled with secondary deposits, mostly ettringite.

4 {One major crack, parallel to a fractured surface, is present. This crack may have

been produced during sampling. Microcracks are not observed.

Additional data from the petrographic examination are contained in the attached form.

METHODS OF TEST

Petrographic examination of the concrete fragment was performed in accordance with
ASTM C 856-83, "Standard Practice for Petrographic Examination of Hardened Concrete."”

m Construction Technology Laboratories, Inc. - Skokie » Los Angeles « Seattle/Tacoma
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FIG. T".CONCRETE FRAGMENT FROM AUTOBAHN NEAR BERLIN, GERMANY, BROWN
SURFACEMS PROBABLY A MOISTURE BARRIER IMPRESSION. ARROWS SHOW
LOCATION OFSAWCUT. PORTION OF SAMPLE ON LEFT IS SHOWN IN FIG. 2.
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HG. 2 "LAPPED SURFACE OF AUTOBAHN CONCRETE FRAGMENT ORIENTED WITH
BARRIER IMPRESSION AT TOP OF PHOTOGRAPH.
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The fragment was cut perpendicular to the formed surface and one portion was lapped. Lapped
and freshly broken surfaces were studied using a stereomicroscope at magnifications up to 45X.
A rectangular block, approximately 1-in. wide and 2-in. long, was cut from the sample, placed

on a glass microscope slide with epoxy resin, and reduced to a thickness of appfeximately

20 micrometers (0.0008 in.). The thin section was examined using a polarized-
microscope at magnifications up to 400X to determine aggregate and paste

microstructure.

£\ G- G

L. J. Powers-Couche
Associate Petrographer
Petrographic Services

LIP/djp
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PETROGRAPHIC EXAMINATION OF HARDENED CONCRETE, ASTM C 856

CTL PROJECT NO.: 154115 DATE: JULY 30, 1992

CLIENT: PCA Public Works Dept. #322 PROBLEM: Quality Evaluation
STRUCTURE: Concrete Pavement EXAMINED BY: L. Powers:Couche
LOCATION: Autobahn near Berlin, Germany Page L of 2
SAMPLE:

Identification: None stated.

Dimensions: The sample is a broken fragment approximately 2.5-in. wide, 3.5-indlong, and 1.7.in. thick. All
surfaces but one are broken surfaces passing through coarse aggregates. One surface/appears todie a formed surface,
perhaps formed against a flexible barrier. The surface is smooth, undulating, dark brown, with abundant, irregularly-
shaped, entrapped air voids up to 0.3-in. diameter. )

Cracks, Joints, Large Voids: One crack, 0.6-in. long, is parallel to a fractured surface.

Reinforcement: None present.

AGGREGATES (A)

Coarse (C): Siliceous and calcareous gravel mainly consistihg of basalt, fosgiliferous limestone, granite, schist,
and graywacke.

Fine (F): Siliceous and calcareous sand consisting of.quartz, quartzite, limestone, feldspar, and a small amount of
mica, iron oxides, and hornblende.

Gradation & Top Size: The aggregate appears to be evenly graded 1o a top size of 0.6 in.

Shape & Distribution: Both CA and FA are rounded to angular, and appear to be uniformly distributed. FA
particles are equant to oblong. CA are oblong @ elongated.

.PASTE
Color: Medium to dark gray.
Hardness: Hard.
Luster: Subvitreous,
Calcium Hydroxide*: 5 to 7% uniformly distributed, small crystals, patches, and partial coatings on aggregates.

Unhgydrated Portland ‘Cement Clinker Particles (UPC's)*: 15 to 18% uniformly distributed large UPCs.
Few relictsyobserved.

Depth of Carbonation: 0.03%in. earbonation measured from the smooth, formed surface.

Air Content: Tiie coneretelis,not air entrained. 1 to 2% oval air voids up to 0.06-in. diameter are nonuniformly
distributed inghe paste. Mostvoids occur adjacent to aggregate particles.,

Fly Ash*: None present.
Paste-Aggregate Bond: Tight. The concrete fractures through coarse and fine aggregate.

Secondary Deposits: Voids are lined and/or filled with calcium hydroxide and ettringite. Ettringite ocecurs in
clusters or clumips of long needles.

Microcracking: No significant microcracks observed.

ESTIMATED WATER-CEMENT RATJO: Less than 0.35.

MISCELLANEOUS: The portland cement was coarsely ground. One large clinker particle is 400 micrometers-long
and 150 micrometers-wide.

*percent by volume of paste
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Glossary of symbols used

Signification des symboles

Zeichnerkldrung

Significado de 108 simbolos

Symbol/Interpretation

R

P

ocC

m >

M
MR
SR

Definitely required by specifications or
regulations

Permitted by specifications under certain
conditions or requirements

Specifically prohibited

Optional with contractor

Not included in specifications

As shown on plans

Where directed or authorised by engineer
Motorways

Main roads

Secondary roads

Symbole/interprétation

R Formellement exigé par les prescriptions
ou par la réglementation

P Permis para les prescriptions dans
certaines conditions ou pour faire face a
certaines exigences

X Formellement interdit

OC A la discrétion de l'entrepreneur

N Non inclus dans les prescriptions
communes ou spéciales

A Conformément aux plans

E Conformément aux instructions ou“avec
{'autorisation de V'ingénieut

M Autoroutes

MR Routes principales

SR Routeé secondaifes

Zeichen/Bedeutung

R Definitiv in Vorscheiften oder
Bestimmufigen gefordert

P Gestattet nach Vorschrift unter
bestimmten Bedingungen oder
zusatzlichen Fordetungen

X Delinitiv verboten

QOC Dem Unternehimer freigestelit

N Nicht in Bestimmungen enthalten

A Nach Zeichnung

& Wenn von der Bauleitung angeordnet oder
Zugelassen

M “Autobahnen

MRy Hauptstrassen

SR Nebenstrassen

Simbolo/Significado

Ps

m» 2

Exigido por las prescripciones técnicas

Permitido por las prescripciones bajo
ciertas condiciones

Prohibido por las prescripciones

A eleccion del contratista

No incluido en las prescripciones
Segun lo indicado en los planos

De acuerdo con las instruccicnes del
Director de obra o con su autorizacion

Autopistas
Carreteras principales
Carreteras secundarias




COUNTRY AND NUMBER CODE

1. Austria

2. Belgium
3. Czechoslovakia

4. Denmark

5. Finland

6. France

7. Germany (Dcm‘atic%
8. Germany (Federal blic)

Grea itai

Italy

Nétherlands
N
ortuga

weden

Switzerland




BASIC DESIGN REQUIREMENTS / PRESCRIPTIONS POUR LE PROJET / ALLGEMEINE BAURICHTLINIEN / PARAMETROS BASICOS DE PROYECTO

Maximun axie or whee!
load permitted

Charge maximale permisa

Design traftic (commercial
vahicles per day)

Trafic de projet (nombre

$§lab thick

Width of carriagewny elements / Largeur des voles / Streifenbreiten / Ancho de los slemantos de la calzada

Epeisseur de Ja dalle

Motorways /

1 Autobahmen / "

par essieu ou par roue da camlons per jour)
Traffic lanes Marginal strips Hard shoulders Lane for slow traffic
Héchstzuldssige Achsod Varkehtsbel Plattendicke
Aadlast LKW/ Tag) Voies pour ls trafic Surlargeurs Bandes d’arrét d'urgence Vola supplémentaire an tampa
Carga méxima por eje Tréfico de proyecto Espesor del pavimento Fahestraifen Randstraifen Standstreifen Kiiechsueifen
o por rueda autorizada (vehiculos pesados por dia) !
Carriles para circulacién Sobreanchos Arcanes Carrit para vehiculos lentos
mm m m m m
1 2 3 4 5 8 7
]_ 10 t single axle Equivalent number of 10t Depending on dasign traffic 3,7% 1,00 inslde 2,50 3715
single axles for 30 years {150-250) 0,50 outside
i 2 131 4.500 CRC 20 cm 3,75 1,00 3,00 3.75
Plain concrete 23 cm
3 M M 3,75 0,50 2,50 3,60
10 t single axle 240
4 10 t single axie M: 200-300 3,50-3.75 0,50 A A
From 1992: 11,8t MR: 180-300
on driving axte
Special rules for low
ipaders, often leading
to axle Joads of 12t
5 Single axle load 10t Not specified Not specified 3,75 0,50 2,25 3,50
(Min. 200 when provision
for grinding is included)
6 Single axle 13 t On design lane: Related to design traffic 3,50 Outside = 0,75.0,25 2,50-3,00 3,50
TO 75C-2000 and subgrade according Lo trafiic
T1 300-750 URC 280-220 Inside = 0,25
T2 150-300 URC, dowelled joints 230-180
T3 50-150 CRC 220-170
Thick sfab {not for TO) 37C-300
7 A Traffic classification 140-260 depending ofi R Al R R
Max. axle load 11t depending on number of — axls passages 3,75 1,50 2,50 3,50
equivalent 10 t axle — strength of concrete e
passages -~ dowelled or undowelled 1,00
joints.
8 R R R fl R ] R
Single axle 11 t M: >3200 M: 280 3,75 (preferred) Quiside 0,50 2,60 3,75
{from 1982 11,6 ¢} MR: 1800-3200 MR: 240.220 50 Inside 0,50 or 1,00 2,00
Tandem axle 18,0t 300-1800 SA: 200480-160
{trom 1982 19,0 t) SR: 60-300 depending ofl the (sub-) base
<60
9 Single axls 10 t URC 200 10 10 000 o A A A A
JAC 300 to 10 000 RelmtEdlito trattic 3,65 0,70 3,30 3,65
CRC 1600 to 10 000 SRE e e 320
CRCA 800 to 10 000 CRE 200 1o 260
CRCA 150 16,250
{pius 100 mm bituminols surfecing)
]_ 0 R N N R R R R
Single axle: 12 1 220-240 3,75 0,12:0,20 3,00 3,00
Tandem axie; 19t dapanding on type of pavement White painted mark
{CRC-JPC)
1 l M MR SR Number ofsingle axles N R R R N
Single axle 11,5t (tandem = 2 singles 180,250 3,50 0,60 3,00
tridem =3 singles) {rural and urban)
12 R Numbir of equivalent L. A R R L3
Single axle 10t standard 10 t axles slong A0 Vi, ihckness 3,50 1,00 1,50 or 3,00 3,50
design period 8.000 140 {depending on
15.000 180 motorway class)
50.000 200 (4 lanes}
Normatly 200-220
13 ] A A R R R R
Single axle 12 t Number of standard axles 13 t 200-600 3,78 Q0,20 3,00 3,00-3,50
Tandem axie 20t
Tridem axie 24 t
l A R R A
Single axla 13t Design based on number of fo 280-200
Tandem axle 21t commercial vehicles on the " Variaton c;cmgf(::s?ilsm"
design lane in the year of Thickoese d. a@
opening to traffic e ate ."I',’::g":“” on
1 5 Single axle 10t 2000-4000 Depending on concrete strangth 4,50 0,50
(11,5t + 15 mm) 48 6 7 Nimm2
(13,0t + 25 mm} 220 200 180 mm
1 6 R A R R R R
Single axle 8,2 t T1 10- 30 150-230 4,00 2,50 4,00
T2 31- 100 Depending on the base or sub-base
T3 101- 300 bearing capacity
T4 301 1000 )
T6 1000 3000




BASIC DESIGN REQUIREMENTS / PRESCRIPTIONS POUR LE PROJET / ALLGEMEINE BAURICHTLINIEN / PARAMETROS BASICOS DE PROYECTO

Width of carriagaway elements / Largeur des voies / Streifenbreiten / Ancho de los elementos de la calzada

Main roads / Routes

re inc

Secondary roads / Routes

daires. / Neb s

1 G

Treffic lanes Marginal strips Hard shoulders Lane for slow trafiic TraHic lanes Marginal strips Hard shouklers
Voies pour le traffic Sursrgeurs Bandes d'arrét d’urgence Vole supplémantaire en rampe Voies pour lg trafic Bandes de guldage Bandes d'arrét d'urgence
Fahrstreifen Rendstreifen Standstreifen Keischstreifen Fahrstreifen Randstreifan Standstreifen
Carriles para circulacién Sobreanchos Arcenes Carrlt para vehiculos lentos Cariites para circulacién Sobreanchos Arcenes
m m " . m m m m
8 8 10 n 12 13 14
1 3,50 0,50 N 3,50 A A A
2 3,50 None Nane 3,60 3,00 to 3,50 None None
4 3,50 0,50 A A A A A
5 3,80 0,256 1,00 3,50 3,00-3,50 0,25 0,25-0,50
3.00-3,50 Outside = 0,75-0,25 When used, Wiien used, 3,50 2,50.3,50 0,26 Seldom used
6 according to traffic 2,50-3,00
Inside = 0,25
3.00-3,7% R N 3,00-3,50 2,50-3,25 R N
7 depending on 1.50 1,00
traffic P
1,00
R A R R R 0,50 R
8 375 0,50 2,50 375 3,75 0,25 1,50
3,50 0,28 2,00 3,00 3.50 0.00 or
3,25 1,50 3,25 no hard shoulder
3,00 3,00
A A N A A A N
9 3,65 1,00 3,65 3.650r 5,00 100
R R R N R R A
]- O 3,50-3,75 0,12-0,20 1,50-1,75 3,00-3,50 0.10-0,15 1,00-1,26
White paintedimark White painted mark
11 R R N N N N N
3,25 liall 0456 ! 3.100r 2,76 0.45
3,10 furban} . {if fane width=3,10 m}
0.20
{if lane width=2,75 m}
R R A R R 0.50 A
]- 2 3.25-3,76, 0,50 or 1,00 2,50 3.75 3,75 0.25 1,50
2,00 3,00 3,50 0,00 or
1,50 3,25 no hard shoulder
3,00
l 3 R A N A A A N
3.50 0,15.0,20 3,65 3,65 or 5,00 1,00
14 R N R R R
1,50-1,76 3,00-3,50 0,16-0,15 1,00-1,2%
White painted mark
1 5 N N N N N N N
]. 6 R R Normally not used R R
3,50 0,80-1,00 3.00 0,50




SUB-BASE MATERIALS/COUCHES DE FONDATION/TRAGSCHICHT/MATERIALES PARA CAPAS DE BASE

Cement treated | Traitées au ciment / mit hydraw! ischen Bindemitteln / Tratados con cemento

Materials used and thickness / Nature des matériaux et épaisseur

Reguirements for other materials

Surface regularity

Benutzte und / Materiales utilizados y espesor q / Exi /A iF {
mm E: pour autras matériaux Uni
. Anforderuni ] Obesflachenebenheit
Motorways and main roads Secondary roads Cement content Compressive strangth or other Dther requirements a"g:':ﬂn: snoere eriiaonen !
Autoroutes et routes principales Routes secondaires Taneur en ciment Résistance 4 la compression ou autres Autres exigences Prascripciones para otros Regularidad superficial
tipos de materiales
Autabahnen und Hauptstragien Nebenstragen Bind keit oder andere Weitere Anforderungen :
Y 1 Carreteras dark [ do de cemento Resistencia a compresidn o de ofro tipo! Otias prescripciones
15 16 17 18 12 20 2
l E E Min. 90 kgim® 7 day compressive Frost-thaw durability (for materials 15 mm under 4 m straightadgs
200 150-180 strength: >3,0 Nfmm? with porous particles or cohesive
{sometimes 350} {mix design) constituents)
Surface regularity: 10 mm SR 15 mm under 3 m straightedge

Lean concrete: 200

Lean concrete: 4 to 6%

6 Nfmm? + 2x standard

Unbound crushed stone: 200 mim

deviation under 3 m straightedge
Plate bearing test: 110 Mimm*
3 200-250 M M R R 3§
6-9% Compressive strength st M M M
7 days: Frost resistance after 28 days Eompaction Unevenness max. 20 min

=1,83,5 Nimm?

420 mai from trug level

Cement-treated gravel:
150

Cement-treated gravel or

100-120 kgfm®

Compressive slr%ngth:

Compaction

Max-number of irregularities at a
random section 100 m long:

sand: 150 §-10 Nimm ‘
Size of Max aumbser
ireguierity M end MR S8
10 mm 1 "5
7.6 mm 3 10
& mm 5 -
5 _mm 15
120-250 Min. 120 Determined by taboratory tests oc Gravel: Dmax = 64 mm (45 mm) | “Ground blast furnate slag can Upwards 10 mm
5 {normally min. 4%} 4 Nimm? at 7 deys Humus content musi be checked bewged as bindar upic 70% Downwards 20 mm
Mixing in place and I plant is 20 mm under § m straightedge
allowed
Related 10 design traffic, subgrade Seldom used 3,5 to 8%, according to required { Vibrated lean concrete: splitting Vibraled lean oncretet
6 and type of pavement, strength and construction process characteristic strength: = 3% aigcontent
Vibrated lean concrete: 120-220 =2 Nimm? at 28 days
Hydraulic binder treated base: Hydraulic binder treated base:{en-
150-220 sile strength:
21,5 Nimm?at 360 days
150-200 N 150-220 kgim3 8-15 Nfmm? Improved frost-resistance: Max, 15 mm {transverse}
7 100 feeezingland thawing cycles Max. 10 mm {ongitudinal)
Testing alse in NaCl solution {1%) under 4 m straightedga
8 ] A R R . A R R
Cament bound: 150 Bitgminous: 80 Cement bound: >3.0% Bement bound: Degren ol compaction: >98% Froctor | Bituminous: groding curve; min, binder | Cament bound or treated: <15 mm

Cemamt trastad: 150
Bituminous: 100
Cement bound or trestad if there ia no
antifrost-layer:
200250

or without subbase on an
antifrost-leyet
Cemant bound or treated if there
is no sntifrost-layar:

Cement treated@@cording
qualifiation test

512 Niom? ot 28 deys
Cament treated:
6 8/mm? &y 28 days
fonly {6t detésmining
the binder contentt

Frost 1est: length variation s 1%
Notching of the suhbase
Cement bound: grading cuive

mixed in plant
Cement (rested: no grading curve

mixed in place or in plam

[

degree of compaction: > 100/103%

ontent; percentage of voids; degree
of compaction
Unbound granular: grading curve;

deformntion modulus: > 120
vasp. > 100 MN/m

Bitumingus: 210 mm
Gravel and crushed stone: <20 mm
under 4 m streightedge

9

+10-30 mm from true level

. A A R R R
Cement bound: 150 Cement bound: 150 > 160 kg/m? 510 Nrmm? at 7 days Density: 95% of density of cubes | Granular capping layer to obtain
(on granular capping: 150 to 600) |{on granular capping: 150 to 600) compacted to refusal minimun 15% CBR
Granulated slag blends:
sleg <65%
Pla blends: pla <50%
l Q R R R R R A ]
rushed stone, send and gravel Sand and gravel treated with 4% 4,0-7,0 Nimm? Dry density Sand-gravel or pezzolana: +10 mm
cement: 150 at 7 days Optimun moisture content thickness: 150-200 mm

treated with cement: 200

A
M Lean concrete: 150-200

11

MR Sand-cement or lean concralel

(sand or granular materiahused)

R
Lean congrete:75-125 kg/m?
il

Lean concrete; cube strength at
7 days =3 Nimm?
Sand-cement: cylinder

Lean concrete: ratio sand/coarse
aggregate 1:1-1:3
A

Lean concrete: ratio fly ashicement

R

Granular materials le.g. slags, crushed
concrete]: see sRAW Standzrd 1990

tgrading, «crushing velugs]
Non-erodable materials only

Erodable materials

15 mm under 3 m straightedge

160-200 Send-cement {Proctor} strength at
28 days 25 N/mm? s1
crushed masonry >4 mm
1 2 Gravel or sand: 150-180 Gradel or sand 2120 R 5 Nfmm? at 7 deys R
Min. 3% Freeze/thaw testing
Normally 5-7% 100% Mod, Proctor

Mix proportiening required

Max. particle size: 37,5 mm
Materials <75 pm {cement + filler):

10 mm under 3 m straightedge
+20 mm from true lovel

13

Cylinders 3 150 x 300 mm

Max dry density Ulab.) BS 1924.Test &

min. 10%
A A A A A A 410 mm under 3 m straightedge
Lean concrete: 150 Ceminl bound granular M, MR M, MR M, MR SR
matgrial including 6% + 1% Mean comp. strenght Min. cement content: 110 kg/m3 Granular material: 150-200 mm

soil-cement
7 doys =6 Nimm? Field density; =98% dmax
28 days 28 N/mm? Thickness: 15 mm
1 4 R R R R A _ R
Vibrated lean concrete: 150 Vibrated lean concrete: Either 8 Nfmm? at 7 days Vibrated lean concrets: fraction SR V-br:;ad ;{;“ cm:cma: h!('wealn 0
Cement treated base min. 140 kg/m? or 12 Nfmm? at 80 days passing through 0,016 mm sieve Unbound granular subbase, B oS m shaightedye
{erosion-resistant): 150 Cement treated base: min §% > 250 kg/m® 200 mm, if CBR of subgrade <10| Cement reated base: between 0
wic = 0,75-1,60 and - 1/5 thickness from trus lovel
= Y S, 10 mm under 3 m straightedge
Use of air-entraining agents compulsory|
15 150 About 4,5% 10 Nimm?
{Modified Proctor|
]. 6 R R R 7 days: 24 Nimm? Frost-thaw Manx. difference from true level:
150-300 150-200 3-9% according to soil type mm
3 15 mm under 4 m straightedge

{depending op soil
bearing capacityl

Min. B0 kg/m




JOINTS { JOINTS / FUGEN / JUNTAS

Transverse contraction joints { Joints de retrait /a hein 1 Juntas de 101 Ti joints / Joints de 1 Q 1 / Juntas s de dil
Spacing Reduction of saction Construction method Type of sealer Sealing groove Spacing Width Type of filer Type of sealer Sealing groove
it unreinforced pavement (i) width i) width
1) reinforced pavement (R) depth i) dapth
) Ecartement Réduction de la section Mithode d’exécution Nature di produit de Gorge da scellement Ecartement Largeur Nature du produit Nature du produit de Gorge de scellament
(i} béton non armé scellament (1) largeur da scellament sceliement {i) largsur
(i} béton armé (W) peofondeur (R} profondsur
Abstand Q hnittsschwich Art der Fugenfiltung Fungenspalt {Aufweitung] Abstand Breite Fugensinla; Fugentiitiu)
(i} unbewehrt i) breite vaeneiniege vgemiiung Fﬁr;:’::n
(W) bewatut (i) tiafe {i) tlefe
) Separacién Reduccién de espesor Mitodo de sjecucion Tipo de producto Swco de selado Separacién Ancho Tipo de material Tipo de producto Susco de sellado
(il pavimento en masa de sefado (i} ancho de relleno de selado i} ancho
{ii} pavimento srmado {K) profundidad [¥) profundidad
m mm or % mm m mm mm
22 23 24 25 26 27 28 29 30 31
1 (i) 25 x slab thickness, 20-25% Usually sawing K] Only at bridges 20 Wood Bituminous or neoprene fi1 20
max. 6,0; usually 5,5 Usually 250 mm Bituminous or {ii) 20 (bituminous (at least 2 at each (i} 30
{ii) not used for 22 cm neoprene sealer} side)
but usually joints,
2-3 mm wide, are left
unsealed
{5106 33% Sawing Hot poured 10 A 20 Wood Hobpoured fiy 30
2 fiit 30 Only at special {ii) 30
locations
(i 4-6 About 25% Sawing M 8
Sealing mastic (i) 10-15
Modified hot asphalt
i) 5 25-30% Sawing, Joints are not sealed N Only at sepcial
4 (i) Only at day stops, maximun width 3 mm locations
etc.
4 it & 95.37% Qawina 3 w10 A 1 = - i an
REINFORCEMENT / ARMATURES / BEWEHRUNG / ARMADURAS CEMENT / CIMENT [ ZEMENT / CEMENTO CONCRETE / BETON / BETON / HORMIGON
o (ot ' continue Jointed wln!:)rcod Type used Reshicgiov:s g_;nvupr‘ning use SifBngth specifiad / Résistance exigées / Type of 5pecimed“ and Frequency of testing
Py hend, ; pavements a geschiiebens Festigkeit / Resi: i ificad tast metho: !
9/ continua Specified or permitted SR espectiicada
Specified or permitted  [Method of steel placement | gevatements armés avec Désignation Restrictions particuliéres, Flexural Other Type des éprouvettes et | Fréquence des essais
% for each direction des joints y compris cendres méthode d'éssai
Spécifiés ou permis volantes A la flexion Autres
Spécifiés ou permis Méthode de placement Pé pe
pourcentage dans chague des armatures Bewehre P B dare Vor Bi Andere Priitkérper und Haufigkeit der Prifungen
direction Vorgeschrieben oder ginschliestich der Priifverfahren
gesttatet Verwendung Yon Flugasche A flexotraccién Otros tipos
Vorgeschrieben oder Art der
gesttatet; % fiir jede Pavi armados Tipo utllizado Limitaciones en sulempleo, Tipo de probeta y método | Frecuencia de ensayos
Richtung con juntas incluso cenizas volantes de ensayo utilizado
Especificados o permitidos
Especif. o permitidos; % de] Métaodo de colocacion 2
en cada direcc de las d kgim Nimm? N/mm?
40 a4 47 43 a4 45 46 a7 a8
l N Ordinary Portladflcement | Blaine <3500 cm?/g, Min. 5,5 at 28 days Compressive Compressive: 20 cm cubes, One set of 3 per
PZ 275 {H) containing max.| 28 days flexural strength Min. 40 upper layer 7 days under water; 21 days 20000 m?
% slag >6,0 Nimm? Min. 35 lower layer air, 20 °C, 65% rel. humidity
Pfa not used Flexwal: 12x 12x 36 cm beams,
storage under water,
int loading
2 Longitudinal 0,7% (0,67%}}  On metallic supgorts, None P-40 None Compressive Cores: section 100 ¢m? 1 core per 1000 m?
Transverse 0,08% HK-40 55+ 2 x standard height 10 cm
deviation
3 Portland cement Min. 4,5 at 28 days 4 R R
M M
Compressive strength 24-32] Beams 15x 15x 70 cm 1 every 600 m®
Tensile strength 2,3 or cilynders 31530 ecm
l}» Longitudinal: 0,6-0,8 ocC N Low alkali 2110 N
Transverse: 0,2-0,3
5 A A A Ordinary Portland Pfa not used 7 at 28 days Compressive 55 According to ISO 4012 Flexural strength:
(Ground blast furnace {91 days when stag is used)| 70 for wear resistant and 1S0 4013 1 specimen every 1000 m*,
slag allowed partly) concrete min. 3 per day
Compressive strength:
1 specimen every 500 m2,
min. 9 per day
6 . R oc X R R ’ R Flexural strength; prismatic R
Logitudinal: 0,67 Longitudinal reinforcement CPA and CPJ, class 45 Cement according to Average flexural strength { Characteristic splitting | specimens, 20x 20x 80 cm 1 test every 300 m®
treinforcing bars) on supports or inserted into P French standards 25 strength 22,4 {taboratory previous tests) | Minimum: 2 tests per day
03 '"°‘°2°d strips) fresh concrete through Others P Splitting strength: cylindrical
Transverse: related to guides Addition of Pfa permitted specimens, ¢15x30 em
canstruction method {laboratory and control tests)
7 N Portland cement Cement with the addition Splitting tensile strength: | Cubes 15x15x 15 cm | B35: 1 cube every 40 md,
Not used PZ 35 of ashes 27-30-33-37-40 Cores @ 10 cm max. 6 per day
PZ 40 Compressive strength: B45: 2 cubes every 40 m®,
PZ 45 226- 235 max. 12 per day
{5% quantile in both cases)
8 N Not used as a rule R Pfa blended cemants not used R R Specified for each project
Not used R Z 35 (Portiand and Iron- R - M, MR: 5,5 Compressive strength Flexural: beams
Used in special cases and Portland Cement)  omm e & e o oo, SR: 4,5 M, MR: average 40 15% 15x 70 cm
for last slabs Z 45L {Blast Furnace vr;cor&; Uin;;ws;;l@gnginu at 28 days min, 35 Compressive:
M, MR: >3 cement} <4000 tm g, 0. et SR: average 30 cubes 20 x 20 x 20 cm
SR: »2 e o T min. 25 at 28 days or 15x15x 15 cm
9 A oc A R R N R R
Surface sabs: 0,6 Bars positioned on supports 421065 Ordinary Portland {OPC) OPClggbs: ggbs<50% Compressive 40 Cube compression test 1 to 3 series of 3
{longitudinal) on site Varies with slab thickness or OPC with ground ~ OPC/Pfa: BS 1881 Part 116 specimens every day




CONCRETE f BETON / BETON ) HORMIGON

FINE AGGREGATE / GRANULA
ARIDO

T FIN / FEINE ZUSCHLAGE 1
FINO

Manx. water / cement

Minimum cement content

Workabifity (test method

Mix proportions

Air entrained concrete
Luitporenbeton / Horm

/ Béton & air ocetus |
Igén con aire ocluido

" Max. Wi

specified and frequency) {by weight}
Max. eau / ciment Tenewr minimale en ciment | M {méthode d'essal c ition du melangs
prescrite at frdquence) {en poids)
Vorgeschrieb Verarbeitkarkait (Priifverfahren Mischungsverhélinis
Mindestzementgehalt und -hauglgkeit) {nach Gewicht)

Max. agua / cemento

Contenido minimo

Trabajabilidad (métoda

Proporciones de la mezcla

% abv entrained
{minimum and maximum|

% sir occlus
{min. et max.)
geforderter Luftgehalt

in % {min. und max.}

% aire ocluido

Method of determining air
content snd frequency

Méthade de determination de
la teneur en air et fréquence
des essals

La granulométrie si celte-ci est

Wenn vorgeschrieben,
X o

Grading, if specified:
percent by weight passing
each sieve

prescrite en % passant @
travers chague tamis

Notes on fine aggregate,
types, frequency of testing,
etc.

Notes relatives aux granulats,
nalwre, {réguence das essais,
efc.,

Bemerkungen zu fsinen
Zuschiigan, Art, Haufigkel

Verfahren und Hiufigkeit der
Luftporenpriifung

Método de determinacion

groy Durch-
gang durch Siebe in Gew
% { Masse %

Granulometrla especificada:

dar Priifungen usw.

Otras prescripeiones sobre el

de cemento especificado de snsayo y frecuencial {en pesol {minimo y maximo) del contenido de aire ocluido porcentaje undpusu Pasando arido linu;' 1ipo, Iv:lcuuncia de
y trecuencia por cada tamiz ensayos, elc.
49 50 51 52 53 54 55 66
1 Usually <0,43 A Verdichtungsmass, N 3.55,0 Air-pressure meter, min, 3 N 011 and 1/4 or 0{4 with
(compaction degres), times/day guaranteed grading
daily Microscopic determination of Grading daily
spacing factor at start Sand for upper concrete
of work must contain at least 1/3
siliceous constituents
2 0.45 375 kg/m? None None Hopd
Percent pasding 0,080 mm
siebel <5%
3 M N N R R
0,45 Per m: Gradifg: ) test every
cement 370 kg, water M M 0 m3
150-160 1, 0/8 630-690 kg, 3,5-6,5 Pressure type air migtar,
8/16 460-47Q kg, 16132 min. 1 every 2 hours
650-700 kg, air entraining agent
X 328 kg/rn3 4.7 Microscopical evaiuation N N
Alternatively 0,25 with Alternatively fly ash, of hardengd concrete
superplasticizer, increased and reduced cement
smount of microsilica, and content
no air entrainment
0,42 350 kg/m? Stump test and German E 24 Alr meter pressure method 3 Grading curve
5 flow table, min., 1 per day No specified for wear (IS0 4848) Specifications on content ol
resigtant congrete organic matter, silt
N R Laboratory previous tosts: N R Prassure 1ype air meter According to NFP 18 101 Fineness modulus & 0,3
i CL, 15-50 e it
6 300-350 kg/m® "’°'kc7r3éé'1"a"§§'st§:$f.m e 36 INF 8,358 Standard) Standard Friability <15 [NEP 18 576
ontrol tests: shamp test Usually, 1 1851 gvery Standard)
<6 4
2 260 kg/m® Ulutlr:lm\_r(?rgs:ss:asr: %&;“::é‘f 500 m*, min, 1 fest per day Clesnliness <0,10
. min. Z tests per day | Reinforced control: 1 test every] imathylene blue test,
R:g(;nr'rg,dnﬁ;r.“gall.e;t:e:;re::;v 300 m?, min. 4 tests per day NFP 1B 592 Standard)
R 300 kg/m? A N R Pressure air meter every 100 | Standard grading curve (0-4 mm} Grading frequency:
Max. 0,45 without air Walz test, min. 12 times 46 batches 0,25mm 58 every 400 t
entraining agent per day Min. 1 per day 0,50 mm  9-18 (min. 1 per week)
Max, 0,65 with air 1,00 mm 18-28
entraining agent 2,00 mm  25-37
4,00 mm_ 35-47

Variable, depending on
spacified compressive

8

R
Min. 300 kg/m®

Thaulow's drop table concrets
tester and slump test at feast

According t@ DIN 1045 and
ZTV Beton, basedion

Without plasticizers: average

Air meter fpressure
compensstion method)
R

R
According to DIN 1045

R
Content of cement and fine apgre.
gates < 0,75 mm; max; 450 kgim3

strangth once per day preliminary ests ,0. Min. 3, M, MR: 1 mm <27% jrements according to DIN 4226,
With plasticizers: COnce an hour 2mm <30% TGI-,mrr-‘-S;I: :i:d '.\G-xini-tsul:i
average 5,0 Min. 4,5 < 2 once s doy
9 R R K R Pressure type air meter, N Not more than 25% of CaCCa
0.5 300 kg(m"’ Slump test, 1 every 200 m®, Based on trial mixes 5x1-5for 20 mm min. 6 per day [BS 1881 in top 50 mm of slab
min. 2 pef day aggregate Part 106)
Vebe 42 1-5 for 40 mm
aggregate
] R R A R R N Sand equivalent >80, 2 tests
]' O 0,46 300 kglm"’ w;,:',‘.,",‘::‘&d"nﬂ‘::::"mw; Based on prefiminary tests 51 Pressure type air meter Basad on preliminery tests per day
Workeblit Cam ertormea cement / water / aggregates {ASTM C231, UNI 6385), Passing 0,075 mm =2%,
avery e gLsers of beame or 110.45(6 1 per hour 2 1s1s per day
contrel of stiength is made Meisture content: every
360 m?
]_ 1 R N Slump test: every 180 batches A A R R A
M, MR: 0,45 330 kg/m* Compacting factor test: Preliminary tests Generally, 3-5 According to NEN 5961 According to NEN 5805 River sand
SR: 0,50 every gay, according to NEN 5950 \displacement method} or NEN
Airport runways: 0,42 5962 (pressure type air meter|
1 test every 40 m°,
3 per day
l 2 R R R Based on required il Air meter pressure method Not specified, but approval
0,50 330 kg/m? Consi y: Walz preliminary tests 4-6 for ordinary concrete (C40)} At least 2 times per day is required for each project
test, once 8 day Air not specified for high
strength concrete > 65 MPa
1 3 R R A R P 0T 4 " 95100 &
045 320 kgfm® fon, OPC Compacting factor (BS 1881 | Continuously graded 0 / 37,56 46 Air meter pressure method, N 8 6580 Grading: 1-2 tests svery
340 kg/m lor OPCiggbs Part 103): According to laboratory 1 test every 200 m®, min. 2 nt o186 5070 500 m?
or OFC/pfa 1 per 300 m?or B per day preliminary tests tests per day 2‘., gg :ggg Sand equivalent: 24 tests every
n:100 z1o 500 m?
n°200 05 Water content: 1 test per day
14 R R N R R R R
Based on prefiminary 2325 kg/m* UNI 7163, 1 per hour Based on preliminary tests Max, 6 Pressure-type air meter g 5 e 925’_32 Siliceous fraction: min. 30%
tests Fraction passing through In frost areas, min. 4 Every time a series of beams 1 1725 o 45.75 Sand equivalent: min. 75
0,420,45 0,016 mm sieve for contral of strength is made | 0,63 mm 27-55 {min, 8O in frost areas)
<450 kg/m? (R} 0.32 mm 1939 | variation of fingness modulus:
0,08 mm 0.5 max. 5%
l 5 N N N Depending on concrets Pressure type air meter: N N
strength 2 tests per day
4,8 Nfmm?2: 5,5 2 cores every 3000 m? for
6,0 Nrmm: 4,0 frost salt test and microscopic
7,0 Ntmm?: 3,5 quahity contro!
1 6 0,38-0,43 300350 kgim® According to Swiss 48 Pressure type air meter, According to Swiss According to Swiss

specification SIA 162/1989

5-8 times per day

speification
SIA 162/1989

specification
SIA 1621989




COARSE AGGREGATE / GROS GRANULAT / GROBE ZUSCHLAGE / ARIDO GRUESO

CONCRETE MIXING / FABRICATION DU BETON /
HERSTELLUNG DES BETOMMISCHGUTES / FABRICACION DEL HORMIGON

PAVING AND FINISHING / MISE EN PLACE ET
FINITON / EINBAU / PUESTA EN OBRA ¥ ACABADD

Separate sizes used

Grading, If specified: percent
by weight passing each sleve

Notes an coarse aggregate,
types, frequency of testing,
ete.

Plant mixing. I specified,
mixing time [seconds), type
of mixer and minimum output

6n en cami

Truck mixing l Malaxage en camion / Transportbeton ¢

Placing

Température au moment de fa mise en
Einbautemperatur min. und/oder max. / Temperatura méxima
Temperatwrs maxima y/o minima de puesta en obra

ar
place {max. o min.}

Différentes di utllisées| La gr si celle-ci {Notes refatives aux granutats, Durée du malaxag;
st prescrita en % passant 4 {nature, frdquence des essals, {en secondsl, type de Specitied or permitted Prascriptions Air temperatura Concrete temperature
travers chague tamis ete. malaxeur et débit minimal
Gebréuchliche Kotngruppen Wenn vorgeschrieben, Bemarkungen 2u groben Mischanlags. Wenn vorges- Prescrit ou autorisé Prescriptions Tampérature de |'air Tompérature du béton
Korngrdgenverteilung: Zuschid Art, Hidufi i Mischzeit in Sekun-
Durchgang durch Siebe der Prifugen usw, den, Mischerbauart und
in Gew. % / Maesse - % Mindestieistung Vorg oder Vorschrlf Lufttemperatur Betontemperatur
Tamefios is espacificad. Otras prescripciones sobre | Planta de febricacién. Tiempo
porcentaje en peso pasando el &rido grueso, tipos, de smasadg especificado [se- Especificads o permitida P T T del horml
por cada tamiz frecuencia de ensayos, ete. | gundos). tipo de hormigonera v
y rendimiente minime ¢ og
57 58 59 60 61 62 63 64
1 4/8, 8/16 and 16/22 N Grading daily Min. 50 s X A: +5 min, x5, 10 at air
Los Angeles: max. 20 P -3 temperature of —3
PSV: 20,50 max, 25 in warm weather
2 217 None PSV: 2050 Prohibited None Minimum 1 None
7120
20132
3 M M R M R R
0/4 or 0/8 > max, 10% Not permitted
8/16 < max. 15% M M M
16/32 Crushed Corrglation with concrete Min. §
Grading: | test every 1000 m3| temperaturg Max. 25
l|- N N N Concrete mixed untit uniform X N Minimum: +5 N
mix is ohtained Maximurm temperature will not
b included in specifications,
but planning will demand spring
Or autum work, avoiding both
summer and winter
5 E 3 Frost resistant, dense, durable oc Not permitted Min. + & Max. 30 after casting
Dmax normally <32 mm Testing LA value, brittleness,
particle shapa, fracture value
and grading curve
N According to NFP 18 101 Polish B Type of mixer: N X R A
6 Standard oy ot ovpased sgwapaias) Mixing time: >30see 530 530
Cleaniness: <05 \FP 18587 | NFP 15 305 Standard) P
Los An‘:sles cDeF‘:mr: =16 {Certified mixing plants included 0-5 with protection
Wet "ng;"i‘g";ng 5 in aptitude ralation
Saundress:_<50% (NFP 18 593)
7 4, B, 11, 16, 22, 32 mm Standard grading curve: Every 400 t {misft hper day) Mixing time: 6O 5 Only when using concrete with N 5-25 withaut protection <30
8mm  50-82 superplasticizer With protection, air temperatures]
16mm  72-80 up 10 -5 or over 25 can be
32 mm 100 allowed, but concrete
temperature must be always
under 30
8 R According te DIN 1045 M, MR ,mg“f,am 58 mm: B X Min. quantity of suparptasticizer Temperature R
Min. required: M, MR: 0/2, Mixing time will be specified | Exception: mixing of super- | remsired: B 1o 4 cm per kg cement <+5ang >+25 Min. +5 during the first

min, 50% crushed stone
Crushed ‘stone oorient 6f Gombined

Mixing time: about 1 minute per

special precautions are to be taken

3 days

28, >8 mm orading: min, 35% in‘the newZTV Beten-StB plasticizers into the mixed- § m3 concrete. at least § minutes
or 0/4, 4/8, >8 mm o Nngg\géaww lscov%EqM(iw - @12l min. 455 in-plant concrete Acc:'rding to R‘u:hlalr;ig iy ?}e(ton Temperature <-3 Max. +30 when paved
i . 1L Min-51B, RG-Min- it ittel und fir Fliefeton i .
SR: 0/4, >4 mm Grodiog a1 Aggrenates > 2 M B ittt or continuous frost: works
Max. size: 16, 22 or 32 mm apce per week have to be stopped
9 Qoc N Natural gravel, crushed oc P N R R
Normally 40-20 mm fock to 88 822 Main slabs Min. 3 Mex. 30
or 20-10 mm or blastfurnace slag to P
or 10-5 mm {for repairs) BS 1047 Kerbs and channgls
or crushed eoncrete with
quality reguitements of 85 882
A A
]_ 0 3 N Soft or westhered particles: = 1% : R a3 N N N
Based on preliinary teésts Particles wih aicall reactive Min. output 120 m=fhour 26,7
laments: =1% When 2-5, mixing weter
LA coefficlant/Micro-DevelPSV heated
ascording 10 type of finishing eat
and raific E
Fraguency of 1esting: 1 per day Tmax
1 l R R A N E NEN 3502 R N
According to NEN 5305 According fBINEN 5905 and o arvel According to NEN 3502 Minimum +4 (mean daily
the “RAW Standagind, 1990 fﬁ’m\&" 's‘;’n:‘,i‘?;"i’\;,‘;;? f: temperature)
the top layer A
Fraquency of testing: according {in general: no concreting
© NE;:?:;,T':;SS» raw in wimer months)
l 2 Not specified, but appravalis, N N Min. 2 N
required for each project
l 3 R N R ! N N R N
M, MR LA M. MA <30 mm M, MR M. MR
According to pretended grading Mex. siza © 2375 mm Batch type 530
Min. 3 separate sizes Organic content :  <0,5% min. 60 m3h depending on humidity and
% poss . 200 <1% wind
Sand equivalent > B0%
14 R N R R R R N R
Min, 2 fractions Maximum size: 40 mm or 1/2 Mixing time: N Only in SR or when pavement | Max. drum filling: 2/3 total ]Depending on air temperature 16-30
tayer thickness Type of mixer: batching plant surface <5000 m? volume and humidity, precautions
Los Angeles: max. 36 Min. output to allow a paver must be adopted {E)
advance of 60 m per hour
1 5 N N N Min. +5
About 80 s
5-30 5-26

According to Swiss
spacification SIA 162/1389

16

According to Swiss

According to Swiss
ification SIA 162/1989

SIA 162/1989

Various types of mixers
Min. output depending on the
mixing type. N}

Mixing time between 60-120 s

P
Seldom ussd
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PAVING AND FINISHING / MISE EN PLACE ET FINITION / EINBAU j PUESTA EN OBRA Y ACABADO

Paving method currently used

Méthode de construction
normalement employée

Type of final finishing
or surface texture

Nature de Ia finition ou de
fa texture de surface

Restrictions on time
for finishing

Umite de temps pour
I"exécution des travaux
de finition

fir dis

Método de puesta en obra
utilizade normaimente

Art des Fertig: der
Oberftache, ierung

Tipo de acabado o de
textura superficial

Fertig g

Restricciones en et plazo
para la terminaclon

Method of dowel pl

b

used

Méthode de placement

Is a sup
tor lengitudinat finishing?

Une poutre fiseuse oscillante

Métade de colocacién
de los pasadores

des goujons est-elle employée pour
amétiorer I'uni?

Diibeleinb Ver g eines
Léngsglatters?

:5e utiliza una maestra
oscilante para mejoras I8

Susface tolerance / Tolérance de surface /
Oberflachantcleranzen [ Tolerancia de acabado

Texture depth or skidding

Maximun variation
permitied

Ecart maximal autorisé

Haichstaulissige
Unebenheiten

Méxima kregularidad

correction or finanvial panalty

Methed of evenness
Méthode de corection
de {'uni ou pénalité
Verfahren zur Beseitigung
von Unebenheiten bzw.

finanzielle Abziige

Método de correcitn de la

Profondeur de la taxturs ou

prascriptions sur fa resistance

au glissement

Anfordenngen an die
Texturtiefe oder an die
Griffighelt

Profundidad de la textura o
prescripciones sobre
resistencia al deslizamiento

regularidad superficial? pemitida regularidad superficial
o penalizaciones
65 66 67 68 69 70 n 72
Slipform paver Longitudinal textura or Upper layer must be Vibrated into the fresh Yes 3 mm under 4 m Grinding orffinancial £
or super-plasticized concrete exposed aggregate compacled within 1-2 hours concreta straightedge penalty
and 3 hours after compaction
of lower layer
Slipform paver Exposed aggregate 2 hours after mixing On metallic cradles or vibrated Mainly 4 mm under 3 m Financial pefialty SFCt 20,45
finishing into the fresh concrete straightedge Grinding(permitted SFCM 20,50
measured at 80 km/h
M M M M R M W
Slipform paver Grooving of frash Immadiately Yes M Gripding Sand pateh lest: min. 0,80
concrete (brushing) 5 mm under 4 m Coeffigient of longitudinal
straightedge Hriétion (v = 60 km/h}
+10 mm from tius level
Stipform paving Exposed aggregsia surface N Dowel craddies, unless the Yes Maximum numbgrouatitiar Surface grifiding Skidding resistance 20,4
contractor's paver is equipped B vored by Wiborpn at 60 kmh e, Paverment
to place the dowels with size =M sag M SR Reduction with 20 km/h incresss
- 10 mm o o of speed within the range
sufficient accuracy 7,50mm [} 2 B0-90 kmh: <01
& am 2 3 Texture depth required:
5 in 3 5 =1 mm
3 mm 9 15
Transverse brushing Max. 2 hours from mixing Automatically inserted Yes 5 iom under 5 Riamond'grinding or financiat 2-3 mm

Slipform paver

or fixed on cradles

alraightedge

penalty

oC

oc

Texturing: <30 min after

Notsécommended dug'to

Control with APL 26 or 72

Diamond grinding and/or

Sand patch test: > 1,5 mm

Slipform paver Transverse texturing or spreading On cradies ery variable results Tolerances: B0% <4, financial penalty
chemical stripping, refated | Chemicel stripping: brushing 90% <& and 100% <13
to traffic and short term ig performed 24 to 48 hours
maintenance sfter spreading, according
to air temperature
M, MR, runways: slipform Brushing On basketd No Max, uneveness in mm under Planning through milling ;;;"g :,‘5"'2‘;.,0
paver 4 m straigthedge SAT
MR, SR: fixed form paver ™M MR SR single VS:UB gg 2[5) gf
Concrate with superplasticizer Single valve 8,0 910 11 Toxt docth, mm ¥
in small works Average value 2,5 34 5 single vaiue 0,50 0,30 0.2%
average valus 0.80 0,50 0,35
Predominantly used: slipform R N Vibrated into the fresh .« Yes R Grinding or financial penalty N
paver Finishing float (smoother} For tinishing concrete by 8 dowebsstting R Max. 20 mm from e ool test metiods used
Rarely used: fixed torm and burlap or transverse For two-Iayer placing: top concrets) unit For MMR M, M".;“:'. m,:uu,:;:,‘ am s ".-.‘..‘:f 3, Taser o puthow
equipment brushing must be placad ona hour affer straightarige Skidding resistance: skid resistonce
ﬁm::’:ma:'m;:r :r:‘i::: SR: <6 mm under 4 m u;«gr {SAT} or smg:;:‘m
hours strer in cool, dafip waather strmantecon sibungamesser (SAH)
R 0c N R A R
Fixed form train Transverse brushing, with Within 3 hours of miXing or Pre-positioned of inserted 46 mm from design level Grinding or bump cutting 0,65-1,35 mm
Slipferm paver wirsbrush 2 hours between 25 °C and into bottorn layet Max. number of inegularities and retexturing on opening 1o tratfic
30 °C concrete temparature in 300 m;
4mm 20 {MMR} 40 ISR
7mm 2 {MMR 4 (SR}
R A N N 3 nam under 3 m stisightedge . N N
Slipform paver Tranverse brushing Manual placement on cradles For CRCP with porous asphaft Finencial penalty For PCP
Chemical stripping AP CRR SR ot 100 m
Porous asphaft concrete lenght
ARAN: MAS <3mmjm over
200 o lenght
B mim under 3 m straightadge
Slipform paver A oc Yes R A R
In general: super smoother in general: within 3 heurs In general, mechanical MMA 5 mm under 3 m In general: grinding or Skiddding resistance at
followed by Uansverse after mixing insertion straightedge removal of slabis) 50 km/ {88% slip} =0,52
brushing SR 15 mm under 3 m A
straightedge Textwe depth (e.g. 0,7 mm)
Slipform paver most common Transversé brushing R Normally, automatic dowel Normafly R Grinding or financial K
Surface texturing required Within 2 hours of mixing placement 4 mm under 3 m straightedge penaity
In cold weather 3 hours Max 15 irregularites > 3 mm
per 10 m lane
1 3 R R A N, A A N R
M. MR M, MR 2 hours Inserted into fresh concrete M, MR M. MR Texture depth {sand patch
Splipform paver Transverse o longitudinal by vibration or installed on 3 mm under 3 m straightedge testl: >1 mm, min, 0,6 mm
brushing metal supports
Slipfarm paver R R R Yes R " R R
Unusy, lonpitudin! texnure Max 1 hour Inserted into fresh concrate ?n?ﬁ%‘?‘::dmzmm Grindting Sand patch test: 0,7-1 mm
Also admited Sarversa texturs (2 hours if slow setting lusual} or on cradies visgraph coaificiant: average vt (min. value 0,5 mm)
(wm\x’)‘q u“m ;flrivgina tows| cements or retarders are used, . For a.::z ?'puod < Y00 kmh: 2 checks per n_iay 15 1 one
oarticien of fie sporegsts < 30%) | ©F under fevourable weather ol wh""“"::.‘?‘.:’g:;' of the results is lower than
conditions) 7 dmvhm 0,5 mm)
Stipform paver N Mechanical insertion No 3 mm under 3 straightexigs Grinding f
Friction coefficient: 0,55
{special test method at
70 km/, 17% slip}
Slipform paver Brushing of newly laid The work is continuous Mechanical insertion Yes R N fi
Fixed form paver concrete Trensverse 1% Depending on the needed 65 (with Pendel}

correction. Financlal penafties

are included




PAVING AND FINISHING / MISE EN PLACE ET FINITION / EINBAU / PUESTA EN OBRA Y ACABADQ

TEST CORES / CAROTTES / BOHRKERNENTNAHME / TESTIGOS

Initial protection / Protection initiafe / Schutzmagnahmen /

Proteccion inicial Curing { Cure / Nachbehandkmng / Curado To check / Pour contrdle de / Zur iibérpriifung / Para control de Penalty / Pénalités / Abziige / Penalizaciones
Type normally used Protected fength or number Type normally used Minimun number of days when Strength Thickness For deficient strenght For deficlent thickness
of howrs curing compound is not used
Méthode habituefiement Longueur protegée ou Méthode habituellement  Nombre de jours minimum si un| Résistance Epaisseur Powr insuffisance de Powr insuffi d&'ép
employée nombre d'heures employée procuit de cure n'est pas employé
C Magnsh: Linge oder Gebrauchliche Arten Mindestdauer, wenn kein Festigkeit Dicke Fur Minderfestigkeit Fiir Minderdicke
zeitfiche Dauer Nachbehandlungsmitted!
verwendet wird
Método utilizado habituaimente | Longitud protegida o nimero |Método utiizado habitusimente Minimo nimero de dias Resistencia Espesor Por falta de resistencia Por falta de espesar
de horas cuando no se utiliza un
producto de curado
73 74 75 76 77 78 ] 80
1 Curing compound applicable Curing compound applicable When cubes and beams are 002, x price/m? x area x
on fresh concrete on fresh concrete not satisfactory % siength deficiency
Special curing compound if Special curing compound if
rain threatens rain threatens
2 Curing compound White pigmented resin based Yes Yes RR=0,2 pS 15-2“‘5'% 2 EE= pS { EoEE )2
Plastic membrane when curing compound {compressive strength) S = standard devistion E0-0,8 Enom
exposed aggregate finishing Ry - turiace £0=0,95 Enom +2 S
N = tandard
+ curing compound after = 0035 o
brushing vl ot strength - deviation
required strength
3 M M M M R Yes Yes
Cyring compound Min. 7 days Curing compound Recommendation: M
— compressive strength Every.3000m?
— tensile strength
~ splitting strength
— tensile strength of top layer
4 Polyethylene membranes Until the retarded mortar has 25% cut-back bitumen in N Minimum thickness préseribed Rejection Rejection
been brushed off gassoline
5 Mobile cover About 50 m Curing compound or water 7 Ona core every 1000 m* Yes Yes
spray
24-48 hours according to air R When insufficient results)of Removal of slabis} or Removal of slabls) or

N
Except for chemical stripping:
air flexible protective sheet
between spreading and brushing

temperature (500-2000 m)

Curing compound certified
by COPLA

Standardization on progress

3-7 days according td air
temperature and humidity

control tests
Strength must be at least equal
10 that obtained on cores ex-
tiactadiirom a reference stretch)
and tested st the same ags

guarantee of service life

guarantee of service life

7 Curing tents

About 30 m

Plastic emulsion

One core every 150 m

One core every 150 m

8 M, MR:
concrete laying and finishing
under tents

N
About 60-100 m
E

Protection is sometimes

Spraying with curing compound

inmediately after texturing

Spraying with water at least
days
Waterproofimembranes and
moist mats dre permitted

R
One gore each 1000 m? and
construction lane

R
One core gach 1000 m? and
construction iane

R
Financial penalty or removal
of slabls}

R
Financial penalty or removal
of slabis)

Protective tents or canopies omitted as well
inmediately after finishing
N R N E E Removal of slabis) Removal of slab
9 Aluminised resin-based Aluminised resin-based For strenght
sprayed curing compound sprayed guring compound R
For density
3 cores per 1200 m
l 0 R 24 hours Curing campound 7 days R R R [
Polyethilene sheet (PCP} Not less than 90% of Not more than § mm under Reduction of 80% of unit mi::‘[‘:;:;“g :'::.‘fac';:'t .
specified strength specified thickness price if extra tests required {avarage thickness/
by engineer fall under 90% N (uquim'd;hl::-;e;s - 5!!230%
£, etween BN mm:
of specified strength Over 25 mm: removal of sisbis}
N A N A A A A
1 l Curing compound If specified: 12 cores every | if specified: 12 cores every if specified: If specified:
10000 m? 000 m? removal of slabls} removal of slabis)
(compressive strength;
if h<100 mm, splitting
strength)
12 Curing membrane {+ tent) R Curing membrane R R Financial penalty o Financial penalty or
Min. 6 h against sun, rain 1 core per 2000 m? 1 core per 2000 m? removal of slabls) removal of slabls)
and wind Min. 3 cores for areas Min. 3 cores
<2000 m?
Min. 5 cares for areas
>2000 m?
E E R 7 days R R N N
l 3 Tents 1h M, MR M. MA Yes
Curing compound Yes
1 4 R Curing compound R R R R
In hot weather, spraying with 50m {min 200 g/im?) 3 Only when strength of cast Min. 2 per day (5 if one Financial penalty or removal ] Financial penalty or removal
water beams is <30% of specified |of them has a thickness lower of slabls} of slabls)
In rainy weather, protective value than nominal value}
tents or plastic sheet or rain-
resistant curing compound
Water curing 3-5 3 cores every 3000 m? for Yes
]_ 5 compressive strength
3 cores every 3000 m? for
splitting strength
2 cores every 3000 m? for
frost resistance
About 100 m Curing compound, 200 g/m? 7 days Not. Control is dona before N

1 6 Tent when fixed form paver
is used

N
Compression at 28 days

or during the construction

Removal of slab(s) or

financial penalty




PAVEMENT DRAINAGE / DRAINAGE DU REVETEMENT /
ENTWASSERUNG DER BEFESTIGUNG / DRENAJE DEL PAVIMENTO

SHOULDERS FOR MOTORWAYS AND M4t -
GENCE POUR AUTORQUTES ET ROUTES PRINCIPALES / STRANDSTREIFEN AN
AUTOBAHKNEN UND HAUPTSTRAJEN / ARCENES DE ATPISTAS. ¥ CTRAS. PLES.

'S { BANUES D'ARRET D'UR-

OFFICIAL SPECIFICATIONS / PRESCRIPTIONS OFFICIELLES / VORSCHRIFTEN f
PRESCRIPCIONES OFICIALES

Is a drainage system provided for
the water inflitrated under the
concrete slabs?

Un systéme de drainage pour dvacuer
I"eau s'infiltrant sous le revétement
est-§ employée?

Wird ein Entwiisserungssystam zur
Ableitung des Wassers unter der
Betondacks vorgesehan?

Method employad

Méthode utilisée

Angewandte Systeme

Concrete shoulders
Thickness

B.A.U. en béton
Epaissaur

Batonsiandstreifen
Dicke

{rher types

Autres types

Andere Ausfiihrungen

Authority issuing

Administration compétente

Herausgebee

Year of fatest version and date
of supplements

Date de I derniére édition et date
des supplémants

Jahr der letzten Ausgabe und Daten
der Nachtrige

28a dipone algin sistema de drenaje Método utifizade Arcenes de hormigon Quos tipos Organismo redactor Ao de In dltima versién y fecha
del agun infilirada bajo ef pavimento Espesor de los suplementos
de hormigbn?
mm
ar 82 83 84 85 a6
Yes Lateral drainage or drainage under Same thickness as carriageway Austrian Highway Research Bosrd 1880
l transverse joints RVS 8.0
wDeckenarbeiten-Betondecke
-Deckenherstellung
2 A A A A Ministry of Public Works 1988
Permeable shoulder foundation 200 CRCP 50 mm bituminous surfacing
230°PC 150 mm treated subbase
or granular subbase
or porous lean concrete
240 Government standards and 1988
3 specifications set by investor
4 Yes A A A [The Danish Road Difectory 1984
Yes Well-drained gravel layer under Same thickness as pavement Asphait shoulders {more used) No official specifications for confréie
5 the subbase pavements
6 ] Permeable marginal strip: porous Equal to pavement thicknees, but often Related to traflic F,sc,cfﬂ?";;‘,;::cﬂzﬂf,"::‘G,&?,:Eé“ an 1. 1976
Lateral drainage concrete or pervious granular material, using less resistant concrete Hydifulichbinder treated layers on beéton de ciment 2. 1977 and 1988
P according to vraffic unbound granular materials {oftert : SETM f;c ?::3?&‘: 11252’.“““"” 3.1879
Permeable layer under concrete stabs Permeable geotextile: sheets or strips permeable} 3 SETHA LEFC Diactive pour la mahsminn
de cheussées en héton de cimen!
4 Norma WF 85 130 Chavesses on béion t c
ment-Execution, suivi Bt contdles {in progress]
Like traffic lane 1989

R -
According to RAS-drainage, but no
special system for concrete roads as

Several systems tested:
longitudinal and transverse drains,

R
As the traffic lang

M, MR: other types ndimally not used
MR, SR: unbound granular meterial

Bundesministerium fir Verkehr
{Faderal Ministry of Transport)

Design: RStQ 1886, supp). 1989
Pavemant: ZTV Beton 1978,
suppl. 1980, 1982 and 1930

Sub-base: ZTVV-5tB 1981

arule fleeces, geotextile
ZTVT-$1B 1988
Yes A A X Department of Transport, England; 6th Edition 1986
9 Crossfall to sub-base and longitudinal Same as carriagewdy Scottish Development Department; Supplement 1988 |Appendix L)
drain Welsh Office; DOE Northern Ireland {7th Edition dug end of 1980)
R
Polythens sheet unddr layer

[ R For PCP: gosaus condfets, 220 N Consiglio Nationale delle Ricerce ([CNR) CNR: 1972

]_ O Yes For CPC: porgus concrete Azienda Narionale Strade (ANAS) ANAS: 1976
For JPCP: longitudinal drainage Societd Autostrade SpA Autostrade: 1989

N Same thickness as concrete pavement [ 1) «Richtlijnen voor het ontwerpen van 11975

]. ]. " 1ROA|;, 1976 9 J 2) 1984
for th ign Otorways]
o e s of e, | 3 1990
nist-autosnalwagen (RONA}s, 1984
(Guidelinas for the design of non-motarways)
31 4RAW Standanre 1980», 1990
NEN Standerds

R R Same as pavement Asphalt concrete on penetrated base | Norwegian Public Roads Administration 1980

1 2 Yes Draining on both sides Official specifications under revision,
Dsaining material are required Considerable changes will be proposed
in subbase

1 3 R R A A Junta Auténoma de Estradas {J.A.E.} 1985

Yes M, MR 150-260 depending on slab thickness | Bituminous layer on granular or cement 1988, suplements

Crossfall >2% treated layers

Parous concrete associated with
drainage layer material or slotted pipes

N
Usually in case of undowelled joints

14

E
Usually marginal permeable strip
l!ean concrete or unbound granular)

R
Same thickness as concrete slab in
a 40 cm wide marginal strip. Rest of

R
Bituminous surfacing plus cement-treated
base or scil-cement

Ministerio de Obras Publicas
y Urbanismo

«Pliego de Prescripciones Técnicas
Generales para Obras de Carreteras
y Puentes PG-4» {Chapter 5501, 193G

y bined with | shoulder: 150 mm or ble unhound roadb: =Instruccién 6.1, y 6.2.-IC sobre
slotted pipes) secciones de firmes 1989
1 5 No Not used Asphalt shoulders Road Administration 1990
No Not used Bituminous surfacing -speciti Specifications have been revised during

16

V55-sp
For concrete, SIA specifications

the last years on vatious parts.
Last revision referred to concrets: 1989















