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Foreword

With the exception of the prize-winning paper on Restoration of Load Transfer, included
here as a companion piece to a French paper on restoration of load transfer at joints with
connectors, the papers in this Record were written by French representatives and offer an
overview of the systematic improvement in all aspects of highway maintenance in that
country.

Michel Ray made informal presentations on the work during meetings of the committees
on Pavement Maintenance and on Maintenance Equipment at the 66th Annual Meeting of
the Transportation Research Board. His presentations generated a request that he arrange
a comprehensive series of papers for the 67th Annual Meeting. The results of that effort,
presented here, should encourage North American authorities to consider changes in their
operations.

Authors address the following themes:

e State-of-the art improvements in chip seal processes and equipment that make possible
placement of chip seal treatments on portland cement concrete pavements carrying more
than 50,000 vehicles per day. U.S. authorities are reluctant to place chip seals on pavements
carrying even 5,000 vehicles per day.

e Development of communication among contractors, equipment manufacturers, and
state agencies and laboratories through a National Road Equipment Committee. In France,
as in North America, innovative equipment for routine maintenance is limited because it
represents only a small, scattered market for manufacturers, unlike the market for new,
big construction equipment. Cooperation is helping to overcome that problem in France
and, perhaps, offering a worldwide market for French manufacturers.

e Offering a formal education program for senior maintenance engineers. This apears
to be equivalent to a master’s degree program in a U.S. university because it includes
attending a road management course for 6 months followed by designing and putting into
practice a road maintenance methods and organization modernization project in the en-
gineer’s own organization.

o Innovations in equipment that are expected to significantly improve users’ and main-
tenance workers’ safety.

+ Implementation of a preventive maintenance strategy in 1972. The preferred, and
optimal, strategy consists of an initially high investment to provide a pavement design
thickness for a life expectancy close to that which is given to a new pavement. Perpetual
life is then to be afforded by timely applications of surface dressings and asphalt wearing
courses. The authors caution that continuous and excessive budgetary restrictions will
undermine the overall credibility of the policy.

o Restoration of skid resistance on portland cement pavements by longitudinal grooving
was dropped because of unpleasant effects on motorcyclists. The substitutes include de-
velopment of cost-effective equipment for transverse grooving and a surface dressing for
motorway pavements. An average life of 7 years on truck lanes is attained by preheating
of aggregates, dust removal, high-precision binder and chip spreading equipment, finishing
by vacuum sweepers before the pavement is reopened to traffic, and highly specialized
contractors and crews.
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Summary of Road Maintenance in France

JEaN Francors CosTE

In European terms, France’s road network is very dense. It
consists of 1700 km of state-run motorways and 4500 km of
motorways privately run, as well as 28 000 km of Class A roads
and 350 000 km of Class B roads. Since 1980 traffic has in-
creased by at least 4 percent per year nationwide, which has
led to increased maintenance and improvement needs. During
the same period the budget has stagnated and maintenance per-
sonnel have been reduced by from 1 to 1.6 percent per year.
The administration has therefore had to rethink its maintenance
methods in terms of technology, staffing, and organization. In
this paper the present organization and role of the Public Works
Administration are traced, the main evolution of road mainte-
nance in France is outlined, and technical reports of other
French experts are summarized.

The French road network is one of the densest in Europe
with

e 1700 km of state-run motorways,

e 4500 km of privately run motorways,
e 28000 km of Class A roads,

e 350000 km of Class B roads, and

e 600000 km of minor and byroads.

Each network has a main contractor that finances its main-
tenance and development:

o The state for state-run motorways and Class A roads,
¢ Motorway companies for privately run motorways,

e 100 County general councils for Class B roads, and

e 36000 Towns (communes) for minor roads.

OVERALL MAINTENANCE BUDGET

Maintenance of the national network of state-run motorways
and Class A roads alone represents an annual cost of around
10 billion francs (about $1.660 billion).

To this figure should be added the salaries of the 50,000
state employees working on network maintenance. This is
half of the total personnel, and the annual cost is on the
order of 5 billion francs (about $830 million).

Finally, some 60,000 machines and vehicles are involved,
and renewal costs are 500 million francs (MF) per year (about
$85 million).

The foregoing figures highlight the financial burden that
road maintenance represents for France. However, in spite

President of the Permanent Road Maintenance Group, France. Cur-
rently Head of the Laboratoire Central des Ponts et Chaussées, 58
Boulevard Lefebvre, 75732 Paris, CEDEX 15, France.

of economic problems, road maintenance cannot be neglected
because traffic volumes are on the increase and users are
becoming more demanding. The present challenge is therefore
important and must inevitably lead to better money man-
agement, improved productivity, and modified methods.

ORGANIZATION OF SERVICES
Central Organization
Two committees are in charge of road maintenance:

o The Directorate of Roads and
e The Directorate for Road Safety and Traffic.

Both of these belong to the French Ministry for Public Works,
Housing, Country Planning and Transport.

The Directorate of Roads also manages policy, new engi-
neering structure budgets, and maintenance for the following
undertakings:

e Coordinated road strengthening works;

e Maintenance of carriageways already strengthened
(routes that undergo preventative maintenance);

o Regular maintenance of carriageways and Class A road
ancillaries such as roadsides, plantings, and rest and service
areas but excluding traffic signing; and

¢ Supplying equipment to county depots.

In 1986 the budget for this was on the order of 1.1 billion
francs (about $185 million) for coordinated road strength-
ening, 1.1 billion francs (about $185 million) for the main-
tenance of strengthened routes, 770 MF (about $130 million)
for regular maintenance, and 120 MF (about $20 million) for
depots.

The Directorate for Road Safety and Traffic is responsible
for

e Maintaining road signs;

e Winter road service; and

e Road equipment management (control systems,
variable message signs, traffic diversion signs, etc.).

In 1986 the budget for these activities was
e 50 MF (about $8.4 million) for signing,

e 85 MF (about $14.2 million) for winter road service,
and



e 60 MF (about $10 million) for maintenance and
management.

To define their policies and improve techniques, these two
ministry departments rely on the “technical network” made
up of the Service d’Etudes Techniques des Routes et Auto-
routes (SETRA) (Roads and Highways Engineering Depart-
ment) and the Laboratoire Central des Ponts et Chaussées
(LCPC) (Public Works Central Research Laboratory). This
network is extended to an interregional level by the Public
Works Regional Engineering Centers (CETE).

Until the 1960s maintenance was neglected in favor of new
works. In 1968 a policy of coordinated road strengthening
was instigated to reinforce carriageways of main Class A
roads to make them “frostproof.” In 1972 a preventative
maintenance policy was instituted for new and strengthened
roads; resurfacing was to be done according to a defined cycle
to prevent degradation and avoid repairs.

Only in 1983 did the Road Maintenance Study Group
highlight the need to radically rethink regular road mainte-
nance practices (in order to better understand the cosls) and
to train personnel in modern maintenance methods. Since
then technicians’ interest in, and enthusiasm for, maintenance
methods has reawakened.

Local Level
Public Works District Direction

At the county level maintenance is coordinated by the de-
partment of transportation of the district (DDE), which is
responsible to the following main contractors:

o The state for the national network (state-run motorways
and Class A roads) and

¢ The county, represented by the general council, for the
county network of minor roads.

Each DDE defines its annual maintenance program within
the budgetary limits set by one or the other of the main
contractors.

Subdivisions

The DDEs are kept aware of the situation at specific sites
by 10 to 20 subdivisions per county. Subdivisions are re-
sponsible for supervision of maintenance work for the state
and the counties. In addition, they are concerned with com-
munes (10 to 20) and their minor roads in rural areas. Main-
tenance in towns is normally the responsibility of the town’s
technical services. Some subdivisions have wider responsibil-
ities and take care of canal and waterway structures.
On average one subdivision manages

e 20 to 50 km of Class A roads,
e 200 to 400 km of Class B roads, and
e 500 to 1000 km of minor roads.
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Around large built-up areas, state-run motorways are man-
aged by one or more specialized subdivisions.

A subdivision is usually run by a Public Works Civil En-
gineer seconded by a Public Works Technical Assistant.
About a dozen secretaries, designers, and accountants com-
plete the office staff. Personnel more directly concerned with
road maintenance at work sites are

o Two to four site supervisors,
¢ About a score of skilled workers, and
e A score of works officers.

Almost all of these people used to be paid by the state, but
for the past 2 years county general councils have been able
to hire staff.

In certain rural areas, subdivisions also manage a number
of “commune” officers.

County Depots

There is an equipment depot in the majority of counties. The
depot supplies specialized equipment to subdivisions and su-
pervises

« Painting of road markings and
o Surface dressing repairs in some counties.

It also takes care of machinery and vehicle maintenance.
County depots are jointly managed by the state and the
county.

In accounting terms, a depot is an independent unit in the
DDE’s budget in the sense that it invoices the services it
renders to the subdivision and must balance its books between
income from services invoiced and expenses such as equip-
ment amortization and maintenance. The annual budget of
a depot is on the order of 40 MF (about $7 million).

Depots are usually run by a Public Works Civil Engineer
under the authority of the DDE. Personnel have a special
status known as Depot Workers (OPA). A single depot can
employ from 50 to 180 workers.

REGULAR MAINTENANCE JOBS
Types of Tasks

Regular road maintenance depends on the kind of area served
and the general context (town or country). This makes anal-
ysis of the problem difficult. Tasks can, however, be grouped
under five main headings:

o Regular carriageway maintenance,

e Maintenance of ancillaries and rest areas,

» Road signing and machinery and vehicle maintenance,
e Winter road service, and

o Regular maintenance of engineering structures.
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In 1986 a working group on External Services’ Road Main-
tenance Equipment analyzed the work involved in the first
three of these headings and broke it down into 28 different
tasks. Specified for each task were

o The type of road in question,

o The DDE department concerned (subdivision or
depot),

e Personnel needed,

e Present degree of mechanization of the job,

e Average unit cost,

« Equipment necessary to carry out the task,

o Suitability of equipment allocated to the various tasks
and types of present or future improvement, and

o Personnel health and safety problems specific to a given
task.

Winter road service also came under special study as did
engineering structure maintenance cycles.

Principal Maintenance Techniques in Use
Carriageway Maintenance

Surface Sealing This technique is used to repair road sur-
faces, mainly with surface dressings that are an emulsion of
bitumen and chippings applied by a spreader; this is known
as “patching.” This method is often used by subdivisions, but
it is costly in emulsion and the repaired surface is not com-
pacted. This can lead to “bleeding” or ‘“fatting up” in hot
weather.

Reshaping Reshaping is done before surfacing, most fre-
quently using hot or cold macadam spread with a finisher.

Filling Potholes This is usually done by obsolete methods
using noncompacted cold macadam, which often leads to
repeated visits as the repair deteriorates. There is a lot of
room for improvement in this technique.

Dealing with Bleeding The technique used in hot weather
is chipping with 4- to 6-mm chippings. Rolling with a smooth-
surfaced roller is essential. Sandwiching macadam with chip-
pings also produces good results.

Repairing Trenches Electricity and telephone companies
use carriageways as an easy place to dig trenches. This has
disastrous results for road surface conditions and leads to
tracking or rutting and patch works. Cement-bound granular
materials should be used to limit settling. Trenches dug with
specialized equipment have clean straight edges and are easier
to fill and resurface. A surface sealer applied along the edges
of trenches is recommended.

Carriageway Cleaning Cleaning is carried out to remove
superfluous chippings after resurfacing or, on fast roads, when
snow has melted, to remove the spread gravel. Either a towed
or a self-propelled suction sweeper is used.

Replacement of Failed Areas This is not very common, and
replacement requires the body of the road to be rebuilt. Be-
cause only small areas are involved, compaction is not done
thoroughly.

Ancillaries

Mechanical Mowing and Scything of Road Verges This is
one of the commonest tasks in spring and summer. The equip-
ment normally used is a rotary mower that cuts the grass
and leaves it on the roadside, which sometimes leads to the
disadvantage that summer fires spread faster. Average speed
is 2 km/hr. This type of machinery is dangerous for the
personnel working with it.

Mechanical Brush Clearing The most suitable machine is
a rotary cutter attached to a farm tractor. Speed is around
1.5 km/hr.

Pruning and Lopping French roadsides are often planted
with plane trees. Low branches are lopped with mechanical
saws from telescoping elevator platforms. This work is ex-
pensive and sometimes dangerous, especially in heavy traffic.

Maintenance of Grassy Areas Grass on rest areas and
grade-separated interchanges is mown with low-speed mow-
ers.

Cleaning Aqueducts In most cases this is done manually so
it is very slow and requires intensive manpower.

Ditch Cleaning This is usually done by dredging with a
mechanical shovel at a speed of 1 to 1.2 km/day. Chopping
systems are also used, but only where the chopped material
can be left on neighboring properties; these systems are not
suitable where vineyards border the road.

Road Signing

Aside from repairing or replacing damaged road signs, the
main job is to clean signs and roadside marker posts. Cleaning
is normally done by hand. If signs are movable, the simplest
solution is to replace them with clean ones and then clean
the dirty ones in the workshop.



Winter Road Service

Preventive Salting This is done to prevent ice formation,
or before or after snowfalls. Salting is done from automatic
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Salting and Gritting Packed Snow Salting is done as de-
scribed previously. A technique known as “‘salt mush,” which
consists of saturation salting, is being developed. This is ef-
ficient at temperatures below —6°C when the salt cannot
hydrate fast enough on frozen snow. Gritting is only done
locally on secondary roads.

Snow Clearing In mountainous areas special machines
(snow cutters and blowers) are used to clear snow. In other
areas snow is cleared by lorries with adjustable V-blades in
front. These vehicles are often four wheel drive and have
strengthened chassis.

Regular Maintenance of Small Structures

Maintenance of small structures is essentially a question of
supervision with attention paid to water drainage because
proper drainage contributes to long life.

If a structure is made of bricks, plants and bushes whose
roots break up the brickwork should be systematically re-
moved.

Carriageway joints should be cleaned to allow them to
expand freely.

Personnel and Equipment
Personnel

Road maintenance personnel are organized into three or four
brigades per subdivision. Each brigade is responsible for a
specific road sector or, sometimes, for greater efficiency, a
particular route. A brigade is led by a supervisor or a very
skilled worker and consists of five to ten skilled workers and
office staff. A brigade’s area of operation is a canton.

Equipment

Subdivisions have their own equipment for regular use, and
they rent specialized equipment from county depots. Typical
equipment owned by a brigade includes

e One tipper lorry, with a payload of 3.5 tons, per 100
km of road,

e One tractor (45 to 75 hp) per 100 km of road,

e One van, and

e One transportable or nontransportable vibrating roller.
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Subdivisions in mountainous areas also have

¢ One lorry with a payload of 9 or 15 tons,
e One loader, and
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The county depots rent more specialized equipment to
subdivisions. Examples are patching equipment for surface
sealing with emulsion and highly productive mowing and
brush cutting equipment. Specialized depot teams also carry
out most sign painting using painting machinery that auto-
matically doses the paint.

Maintenance Budgets

An average budget can be broken down as follows for both
national and county networks:

Unit Amount

Depot 21 MF (about $3.5 million) including

amortization of equipment

Subdivisions 52 MF (about $8.7 million) for the national
and county networks

DDE 2 MF (about $350,000)

Total: 75 MF (about $12.5 million) per year.

This is 4 million to 7 million francs per subdivision, or 70,000
francs (about $12,000) per kilometer for Class A roads and
15,000 francs (about $2,500) per kilometer for Class B roads.

The budget devoted to roads in communes is quite variable.
In rual areas it is on the order of 10 MF (about $1.7 million).
The DDEs are not very active in urban areas because main-
tenance work there is undertaken by the technical services
of the communes.

The budget is used as follows:

Use Percentage
Carriageway maintenance 30
Maintenance of ancillaries 20
Winter road service 20
Miscellaneous 30
Total 100

Regular maintenance work is usually carried out under the
supervision of subdivisions with the assistance of county de-
pots.

Help from outside firms is used only in special cases, for
example equipment rental or specialized jobs such as marking
of long stretches of road. However, outside firms are engaged
in the majority of cases in which new macadam surfacing is
required. Macadam surface renewing is shared equally by
outside firms and the county depots. About two-thirds of the
budget is devoted to new surfaces.
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EVOLUTION OF REGULAR MAINTENANCE
General Evolution

Since 1980 the DDE working environment has been rapidly
modified by both institutional and socioeconomic factors.

The institutional evolution is the result of decentralization.
The law of March 2, 1982, delegated the state’s authority to
“Territorial Communities.” This law stipulates that “Com-
munes, Counties, and Regions shall be administered by
Elected Councils.” This law also removed all state admin-
istrative supervision of communities as well as specific grants
(especially for roads).

Grants have been grouped in the form of one general al-
location from the state to the community. This law also
excludes all supervision of communes by counties. Admin-
istration had previously been very centralized in France, so
this law represents a real administrative and cultural revo-
lution.

In each county there are three administrative types of road
network—national (Class A), county (Class B), and com-
munal (minor or byroads). The main contractors for these
three types of roads are totally independent, but road users
have no idea that these “frontiers™ exist.

The DDEs that manage the national and county, and some-
times the communal, networks have had to adapt to this
situation. In particular, they have now to take into account
the more demanding financial management requirements of
main contractors. Funds are jealously kept for exclusive use
on the networks for which main contractors are responsible.

The socioeconomic evolution can be observed in all de-
veloped countries and leads on the one hand to a reduction
of economic and resource activities and on the other to public
demand for less administration.

The result is a reduction of funds and public investment;
major motorway works are contracted to private or mixed
companies. Regular maintenance work, however, is not very
profitable for business and remains largely a DDE respon-
sibility. DDESs therefore have to meet maintenance needs with
less money and fewer personnel.

Existing staff are worried about this evolution taking place
around them that they cannot easily understand or follow.
Road maintenance officers tend to be unmotivated, which is
bad for work quality.

This evolution can also be viewed in terms of the need to
invent and develop new techniques and equipment, as well
as the need to better organize and train manpower.

Evolution of Techniques and Equipment

The evolution of regular maintenance techniques is closely
allied with the development of machines, particularly for
maintenance of ancillaries and road signs.

Regular maintenance techniques have not evolved much
because they represent only a small, scattered market for
manufacturers, unlike the market for new, big investment
works. They have been developed mainly in response to ad-

ministrative encouragement of resurfacing product and ma-
chinery manufacturers.

Hot, noncompacted materials of the rolled sulfur asphalt
type have been experimented with for surface sealing. This
technique is usable for shallow surface repairs, but it is dif-
ficult to use and has not yet lived up to its promises. Black
binders can also be improved by the addition of polymers of
the rubber type, but they are used mainly for large areas of
top resurfacing.

It should be noted that hydrocarbon binder emulsions, the
breaking point of which can be controlled, have recently been
introduced. These emulsions are an improvement on conven-
tional emulsions the breaking point of which depends on
ambient hydrometry and the mineralogical characteristics of
the aggregate. In time this advantage should encourage the
use of emulsions for maintenance.

Many mastics for sealing surface cracks have been devel-
oped since 1980. The firms that have developed these products
usually also apply them because this is a delicate job that
requires surface preparation with heat guns to strip the over-
burden of bituminous concrete and the use of pretreated
industrial microchippings.

For surface sealing, a decisive step forward has been taken
with the improvement of spreaders for patching (see paper
on Two Major Innovations in this Record by G. Point) and
the SECMAIR Company’s automatic chip spreader that al-
lows binder quantities to be better dosed (2 kg/m? of emulsion
instead of 2 to 3 kg/m? with traditional spreaders), but, above
all, it gives far better returns, multiplying productivity by
five. The cost per square meter of surface treated is reduced
by 40 to 60 percent. Experience has shown that this machine,
which has so far been bought by 40 road enterprises, will
bring with it a new maintenance concept that can be called
“regular planned maintenance.”

The use of aggregate-bitumen combinations appears to be
promising for reshaping carriageways. These combinations
are made in a central mixing plant by cold mixing graded
aggregate 14 mm in diameter with a bitumen emulsion. Such
combinations need to be vigorously compacted and the sur-
face needs to be sealed, but this can be done a few months
later.

Treatment of bleeding, or fatting up, can be improved by
the application of hot chips plus dust, after drying at 160°C.

Trench repairs are made easier by special excavating ma-
chines that produce clean-cut edges that are easier to reseal.
Certain companies have perfected automatic resealing ma-
chines. An example is the J. Lefebvre Company.

Evolution of Maintenance Equipment for Ancillaries

This evolution is characterized by multipurpose equipment.
The first such piece of equipment was the multiuse vehicle
(MUYV) designed by the Société Nicolas. This machine was
originally developed for mowing and palletization but has
been progressively extended to deal with brushwood clearing,
ditch cleaning using cutters, sweeping, and more recently
snow clearing with cutters and blades.



Other machines, though less multipurpose, are being de-
veloped by a variety of manufacturers. These machines are
usually pneumatic extensions to tractors for loading and other
tasks.

Evolution of Road Sign Maintenance

Research has been concerned mainly with roadside marker
post cleaning. One company has developed an automatic
cleaning machine that is still in the experimental prototype
stage.

It might be profitable to improve the sticking power of
adhesive sign faces so they would resist high-power hose
washing, but it appears that nothing has yet been done in
this field.

Evolution of Winter Road Service

The only new salting technique that should be developed
appears to be “salt mush.” A saturated salt solution, prepared
just before it is applied, is spread on the road. Salt mush is
effective at —6°C because the salt cannot hydrate fast enough
in contact with the snow.

For snow clearing, a V-blade attached to the front of a
self-propelled vehicle continues to be used. The shape and
coating of the blade can be perfected to clear snow faster
without its sticking to the blade. Smooth plastic coatings have
been developed by a number of manufacturers.

Evolution of Public Works Organization and Management

Since 1986 the whole Public Works Administration has rec-
ognized the need for reorganization to meet maintenance
requirements, taking into account budgetary restrictions.

Centrally, the partitioning triggered by decentralization has
led to funds being directed to the DDEs. The central Roads
Management Committee is only concerned with overall bud-
get programming and coordinating innovation by working
with the technical network and with businesses.

Locally, the DDEs are making efforts to use good man-
agement practices.

Finally, a coordinating body called the Permanent Roads
Maintenance Group (GPER) has been set up.

Evolution of Central Organization

At the central level, maintenance funds have thus far been
distributed in a very specialized way. Funds destined for
national roads and motorways come from three central ad-
ministration committees, the Roads Committee, the Road
Personnel and Safety Committee, and the Traffic Committee.
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These committees are divided into subcommittees and bu-
reaus. The specializations of these bureaus and the suggestions
of the technical services have led to a regrouping of main-
tenance problems. This maintenance regrouping can be found
at the county ievei. The organization of the DDEs has been
strongly influenced by that of the ministry.

There are three necessary elements of network mainte-
nance: manpower, equipment, and funds. The balance among
these three is difficult to attain in the present administrative
situation. Moreover, this balance also depends on geographic
criteria and local priorities that are difficult to appreciate at
the central level. It has thus become essential that respon-
sibilities be very seriously accepted at the local level.

Centralized funding is used to achieve this objective. Such
centralization cannot, however, be complete and immediate
because of the problems involved in rapidly modifying existing
structures. However, the Roads Committee is going to re-
group funds that have hitherto been allocated to road mark-
ings, maintenance of ancillaries, maintenance of main road
machinery and equipment, vehicle and fuel purchasing, reg-
ular maintenance of engineering structures, and winter road
service. It is therefore to be hoped that this measure will
encourage managing bodies to make small savings everywhere
so that larger local works can be carried out with the resulting
savings.

However, the maintenance of roads already strengthened
is specialized and must therefore remain centralized to ensure
conservation of the national heritage.

At present the DDEs rely on state and county funding.
Twenty percent of purchases are made by the state and 80
percent by county general councils. There are therefore as
many equipment buyers as there are counties. In this context
central committees cannot to any great extent influence the
market, nor can they dictate the purchase of any particular
type of equipment.

Purchases have, until now, very often been made on the
recommendation of depot heads. However, purchasing de-
cisions are strongly influenced by internal organizational con-
siderations that have developed through systems dating back
to the 1960s. This reasoning should be dropped in favor of
purchases determined by the type and size of the tasks to be
accomplished.

the purchase of modern maintenance equipment. This step
should give a shot in the arm to the whole system and help
to modernize services.

Relationships with manufacturers take the form of dia-
logues in which the central administration’s primary role is
to quantify the tasks to be done and to determine what needs
to be done to accomplish each task. The report that is given
to manufacturers is only a first stage that must be furthered
in all areas in cooperation with the industrialists concerned.

It is necessary to inform external providers as much as
possible about specifications and the use of new machinery.
Several organizations including the Permanent Roads Main-
tenance Group (GPER), the Technical Road Study Planning
Department (SETRA), and the Central Bridges and High-
ways Laboratory (LCPC) carry out this information distri-
bution, which is a prerequisite for new maintenance ideas.
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Evolution of DDEs

Regular road maintenance has always been left to the initia-
tive of divisional engineers, so maintenance quality depends
to a large extent on their conscientiousness. Recently the
DDEs have been reorganized to set up maintenance-road
management services in charge of coordinating, program-
ming, and ensuring more rational management of road main-
tenance funds in each county.
Technical and management tools are being developed:

Technical Tools Fast, efficient, road data collecting tech-
niques followed by automatic data processing are being de-
veloped. Data banks are also being set up, and the prototype
is known as the Roads Data Bank (BDR).

The Roads Data Bank allows each DDE access to data on
the national road network that are collected automatically
by specialized devices designed to observe the condition of
road surfaces and road signing. The INFOROUTE interro-
gation system allows the BDR to be asked questions such as

o What signing equipment is there on this road section?

e What is the road surface condition at this point?

¢ What maintenance work has been done on this section
since 1983?

At the present time research is being carried out on the
use of video disks to image routes. There is an existing pro-
totype designed for engineering structure maintenance.

Management Tools These are bookkeeping tools assembled
under the name “CLAIRE.” They are designed to

o Increase understanding of the use of funds received
from the state and territorial community in order to better
control management and maintenance costs and

o Detect differences between targets and results, which
should make forecasting easier.

They are intended for subdivisions and should be comput-
erized soon.

‘The county depots already have computerized state-of-the-
art analytical bookkeeping systems for determining prices of
equipment and machinery. The most recent version is M R
4 G.

As is the case in other fields, expert systems are springing
up. The Technical Road Planning Study Center (CETE) in
Aix-en-Provence has developed a system of road maintenance
aided by a multiexpert system called ERASME, which is
designed for flexible pavements.

Expert systems are of interest not so much because of the
results they give, but because they encourage engineers to
take into logical account all maintenance parameters.

Permanent Roads Maintenance Group (GPER)

The GPER was set up in October 1986 by the head of the
Roads Committee to form a permanent information center

to collect information about local experience and advise the
various central management directorates: the roads director-
ates, the road safety and traffic directorates, and the personnel
directorates.

This organization completes the road maintenance cycle
studies of civil engineers in the field. The recommendations
made by this group are sound because they come not only
from engineers but also from depot heads, works supervisors,
and welfare and safety inspectors. These people are divided
into four “workshops” that make up the GPER with its
Roads Directorate national secretariat.

e Workshop 1: Techniques and Equipment,

e Workshop 2: Human Resources,

o Workshop 3: Contacts with Main Contractors, and
o Workshop 4: User Relationships.

Each workshop is headed by a county manager.

Evolution of Jobs and Training
Evolution of Jobs

Until the 1950s road maintenance in France was underme-
chanized and the responsibility of road menders and district
(canton) road surveyors. Each road mender was in charge of
3 to 7 km of road known as a “canton road.” He was his
own boss and did maintenance work himself, or sometimes
with temporary help; he cleaned ditches and gutters, trimmed
shoulders, and the like. He was well known in his village and
his main strength was his muscles.

Between 1954 and 1959 it became clear that increasing
mechanization of maintenance machinery such as sweepers,
rollers, and patchers made it logical to group road menders
into teams. Thus individual responsibility for canton roads
gradually disappeared.

The county depots were created in 1967 and have become
more and more mechanized as they have acquired tractors,
mechanical shovels, self-propelled sweepers, painting ma-
chines, and automatic mowers.

Maintenance crafts are diversified and specialized, espe-
cially at the depot level; there are vehicle and machinery
drivers, radio specialists, and road marker painting teams.

At the subdivision level, on the other hand, skills have not
evolved at the same speed and do not really meet today’s
requirements. Most of the personnel are trained on the job
and are still attached to the values that built the reputation
of the old-time road menders. What is more, staff numbers
continue to fall, and the whole notion of brigades becomes
senseless near big agglomerations.

Finally, engineers and senior management have taken note
of the need to better coordinate and program maintenance
work at the county level. This means that the DDEs need
to have real road management policies.

The present changeover period requires up-to-date training
in:

e The latest techniques and management methods and

e The use of new techniques and equipment.
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Training Senior Managers Since 1987 each engineer re-
sponsible for the road maintenance service of a DDE has
undergone a road manageraent training course of two 6-

month periods:

e The first is at a university and includes four 1- to 2-
week modules devoted to road techniques and modern
methods of management and organization.

e The second consists of drawing up and putting into
practice a “road maintenance methods and organization
modernization” project in each DDE and involving all of the
personnel in the working groups.

Training Managerial Staff At the regional level there are
Permanent Interprofessional Training Centers where specific
maintenance training for managers and site supervisors is
given. The ministry is also trying to provide more training
information. Thus, in February 1987 SETRA nublished a

Practical Guide to Regular Road Maintenance.

Training Workers and Officers The evolution of techniques
during an officer’s working life leads to the need for retraining
during his career, especially as recruiting is reduced and av-
erage age increases. The average officer is 40 years old, and
it is not easy to change his thinking habits quickly.

A lot remains to be done in the training of road officers.
Audiovisual methods are preferred because they diffuse in-
formation rapidly. It is also absolutcly nccessary to modify
recruitment methods to take into account the qualifications
required.

Infrastructure and Maintenance Concepts

In general, roads used to be simple carriageways bordered
by two raised edges and by ditches. Modern roads include

o Central reserves,

e Roadside landscaping,

e Crossroads with planted islands,

e Grade-separated interchanges that are planted, and
o Rest areas.

Traffic and safety management needs have led to the grad-
ual cluttering of roadsides with safety fences, signposts, and
lampposts.

Recently equipment such as traffic sensors has been embed-
ded in the roads themselves. All of these objects meet various
needs, but they represent obstacles to logical maintenance
management and complicate road works.

Rural Roads
Roadsides

The presence of roadside marker posts at the distances pres-
ently prescribed leads to new cleaning and maintenance jobs
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that are difficult to mechanize and slows down the mecha-
nization of verge mowing and ditch cleaning to such an extent
that it now appears to be desirable to entirely rethink spec-
ifications to take these problems into account.

A comparative study could solve the problem, but certain
parameters, such as operators’ safety, road users’ comfort,
and the effect of new ideas, are difficult to estimate.

Safety fences also slow down mechanization of regular
maintenance jobs, such as mowing behind, in front of, and
under these barriers; ditch cleaning; tree pruning; and main-
tenance of slopes and banks, not to mention winter road
service.

Measures can be taken to alleviate problems before projects
are carried out; obstacles can be moved or weakened, ditches
and drainpipe openings can be better designed, banks can
slope more gently, GS2SO-type safety fences can be used
where barriers are necessary, and the ground can be treated
to minimize vegetable growth under barriers (noneroding
gravel to be cleared yearly by chemical or other means) to
avoid manual mowing and cutting with inefficient garden-
type mowers and scythes.

Signposts are often positioned for maximum visibility, but
road maintenance and safety consequences are rarely taken
into account although recent studies have allowed ideal posts
to be defined, particularly from the safety standpoint. Over-
head and gantry sign installation is even more important
because it dictates barrier installations and the use of roadside
mowing and ditch-cleaning equipment. Lightposts create the
same types of problems as signposts.

Efficient, easy-to-maintain drainage should be studied:
roadsides should be leveled to a 2 in 1 nonstabilized slope;
water should be directed to avoid gullying; ditches should be
designed to be crossable and thus maintainable with present
equipment; drain clearance should be limited by suitable in-
stallations.

Cuttings and embankment slopes should be designed to
take into account the following considerations: soil stability;
safety (slope, height, and appearance); and environment
(landscaping and its maintenance, depending on the avail-
ability of materials, the slope, and the type of vegetation
chosen). Mechanical equipment cannot operate on slopes of
more than 3 in 1, and available mechanical arms are limited
in length. Thus banks near abutments of engineering struc-
tures are often difficult to reach and maintain.

Landscaping can lead to serious constraints. For aesthetic

reasons and reasons of safety (visibility and fire risk), mowing

needs to be done two or three times a year, watering needs
to be done regularly, and trees must be treated yearly. Trees
must be carefully chosen to have the same growth rate and
the same frost and pollution resistance; they must present
minimum danger for vehicles. Special maintenance consid-
erations for plantings that present safety problems on Class
A roads were specified in Circular No. 80.41 of November
28, 1984.

Central Reserves

A majority of problems with roadsides are also present on
central reserves; in some cases they are magnified because of
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the difficulty of accessing central reserves. It should be noted
that

o The original profile of stepped slopes cannot be
maintained.

e Mechanical mowing of central reserves is essential for
reasons of operator safety. If widths are insufficient for the
passage of mechanical mowers, it is better not to sow grass.

o Well-chosen tree plantings can require minimal
maintenance, which can be mechanized by using a cutting
and pulverizing machine.

e A surfaced central reserve requires at least annual
sweeping.

e Maintenance of safety fences on central reserves under
urban and suburban heavy-traffic conditions is such that one
or two concrete lane separators may be preferable, provided
drainage and vegetation problems, including watering and
maintenance, are studied at the same time if two lane
separators are to be installed.

o The choice of lampposts may be governed by
maintenance considerations, provided they meet safety
requirements for width and positioning vis-a-vis the barriers;
curved channels or even open rectangular gutters can be used
on central reserves to direct water.

Highways That Cross Built-Up Areas

Where a rural road crosses villages or small built-up areas,
the work done is usually to strengthen or improve existing
roads.

Road verges are replaced by pavements that must be sur-
faced to prevent growth of vegetation. They must also be
designed to meet drainage requirements.

When roads cross large built-up areas, consideration must

be given to lampposts, restraining devices, dynamic operating
equipment, and noise screens.

Grade-Separated Interchanges and Rest and
Reception Areas

Design of these features must take short- and medium-term
maintenance into account. In certain cases maintenance con-
siderations may influence the design itself. Requirements in-
clude

o Limited earth movement.

o Earthworks designed to be planted and maintained
mechanically. This means accessible slopes, grouping like
beds (grass, trees, etc.), and automatic watering in some
regions.

e A minimum of surfaces to be maintained; in some cases
the land can revert to agricultural use.

CONCLUSION

In the world of road maintenance, in-depth cooperation is
essential, but this is only possible when the institutional,
budgetary, organizational, and technical situations are well
understood.

The French road maintenance ‘“‘framework,” which is spe-
cial from several viewpoints, has been described. The special
nature of this framework may be responsible for some recent
innovations.

Publication of this paper sponsored by Committee on Pavement
Maintenance.
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Characterization of Polymer-Modified
Binders for Special Surface Dressings

JEaN CLAUDE VANISCOTE AND BERNARD BRuLE

The Laboratoire Central des Ponts et Chaussées, a French tech-
nical administration department, has put forward a laboratory
method for characterizing polymer-modified binders for surface
dressings such as emulsions and fluxed asphalt cements. This
method has been applied to the most commonly used polymer-
modified binders in France. In consultation with contractors,
nine binders have been selected. For comparison purposes, an
unmodified binder has been added to the list for each category.
All of the binders on the list underwent all known practicable
iaboratory tests. This exhaustive characierization had iwv ub-
jectives: to evaluate the degree of modification of each binder
compared with the corresponding reference binder and to sim-
plify the characterization methodology by requiring that only
tests that indicate significant aspects of modification be run.
To complement the laboratory tests, a traffic simulation test
was carried out on a circular traffic simulator to make more
lifelike usage comparisons, It has been possible to draw up a
classification system and threshold limits, below which binders
cannot be considered “modified,” for certain specifications.

In the 1970s highways of hydraulic concrete began to present
maintenance problems, and it was becoming essential to re-
establish their surface roughness. Foreseeing that surface
dressings using conventional fluxed binders would not be able
to withstand the wear produced by heavy traffic, the admin-
istration informed petroleum companies and other interested
parties of its interest in polymer-modified binders and that
it intended to experiment on certain road sections with any
binders they might propose. The administration also orga-
nized its own research on the addition of thermoplastic poly-
mers to asphalt cements in order to select the best polymer
types.

Since then, surface dressings have played a greatly in-
creased role, and in France around 350 million square meters
of pavements are now treated with surface dressings. The use
of polymer-modified binders in special surface dressings has
become commonplace where traffic is relatively heavy, and
it is estimated that about 10 percent of surface dressings
applied in France are special dressings with polymer-modified
binders.

With such a large market, each civil engineering company
has tried to perfect its “very own” modified binder, and this
is why it is now necessary to do laboratory characterization
to determine the properties of these special surface dressing
binders. The Central Public Works Laboratory, the Labora-
toire Central des Ponts et Chaussées (LCPC), has therefore

Laboratoire Central des Ponts et Chaussées, 58 Boulevard Lefebvre,
75732 Paris, CEDEX 15, France.

suggested a laboratory characterization method for polymer-
modified binder emulsions and polymer-modified fluxed as-
phalt cements.

This method has been applied to the most commonly used
polymer-modified binders. In consultation with contractors,
nine binders were selected—four emulsions and five fluxed
asphalt cements. For comparison purposes, an unmodified
binder was added to the list for each category.

Al of the binders underwent all known practicable labo-
ratory tests. This exhaustive characterization had two objec-
tives: to evaluate the degree of modification of each binder
compared with the corresponding reference binder and to
simplify the characterization methodology by requiring that
only tests that indicate significant aspects of modification be
run. To complement the laboratory tests, a traffic simulation
test was carried out on a treadwheel to make more lifelike
usage comparisons.

A classification system and threshold limits, below which
binders cannot be considered “maodified,” have been drawn
up for certain specifications.

CHARACTERIZATION METHODOLOGY

To evaluate binder characteristics and their short-term evo-
lution as thoroughly as possible, their properties have been
determined for

o Fluxed or emulsified binders, known here as “as-they-
are” binders, and

e Binders from which the essence of the volatile fraction
is removed or that result from the breakup of the emulsion,
here called “‘stabilized” binders.

Laboratory characterization was completed by treadwheel
simulation. This intermediate step between laboratory and
on-site use was applied only to stabilized binders.

In practice a stabilized binder is obtained by oven testing
a film 1 mm thick (for fluxed binders) and a thickness cor-
responding 1 mm of residual binder (for emulsions) at 50°C
in ventilated conditions for a fortnight. In the case of emul-
sions, breaking is obtained by simple water evaporation at
50°C. Table 1 gives the tests carried out on as-they-are binders
and stabilized binders. The tests were run in conformity with
the French standards (AFNOR), the LCPC working
methods, or the test methods described in the Appendix.
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TABLE 1
FLUXED, MODIFIED BINDERS

11

TESTS CARRIED OUT ON AS-THEY-ARE AND STABILIZED,

As-They-Are Stabilized

Test Working Method Binders Binders
Penetration at 25°C NFT 66 004 X
Ring-and-ball softening point NFT 66 008 X X
Fraass brittle point M.O. RLB 7 project X X
Elongation at —10°C See Appendix X X
Elongation at +20°C See Appendix X
VIALIT cohesion See Appendix X X
Treadwheel traffic simulation See Appendix X

INTERPRETATION OF TEST RESULTS
The following characteristics will be examined:

» Consistency as noted in penetration, ring-and-ball, and
Fraass tests;

o Elongation behavior at constant speed;

e Cohesion noted with VIALIT pendulum ram;

e Adhesion and cohesion measured with a VIALIT plate
(only for anhydrous as-they-are binders); and

e Traffic simulator behavior at Total’s French research
center.

Consistency Characteristics

Under this heading can be grouped measurements of ring-
and-ball softening point (RBP), Fraass brittle point, and pen-
etration. The object of modifying binders with polymers is
to reduce thermal susceptibility at normal usage temperatures
because this leads to reduction of the brittle temperature level
and increases the softening temperature level and therefore
the plasticity range. In the case of fluxed binders, spraying
viscosity temperatures remain compatible with equipment

used and aggregate wetting. Comparisons therefore are more
important between plasticity ranges that are directly related
to the binder’s modification level than between the RBP and
Fraass values taken separately. Each manufacturer can, for
a given plasticity range, favor hot or cold behavior charac-
teristics by the choice of asphalt cement or the amount and
nature of fluxing oil, or both. Figure 1 shows the absolute
plasticity range stages compared with reference binders (1
and 7) for each binder category (emulsions and fluxed bi-
tumen) for both states (as-they-are and stabilized).

Examination of these results leads to some general com-
ments:

o For as-they-are binders (binders 7 to 12), the plasticity
range goes from 45°C for the reference binder 7 up to 64°C
for binder 10, in other words a maximum increase of around
20°C. It should be noted that the modified binders 9 and 11
are not different from traditional binders in this respect.

o For stabilized fluxed binders, evaporation of the volatile
fraction is accompanied not only by consistency increases but
also by an increase in the plasticity range (on average, 10°C);
the overall classification order remains virtually the same.

Modified binders can be clearly distinguished by their plas-
ticity ranges.

a) as.they-are binders (except emulsions)

—— 4

a1
——————t¢| fluxed binders
— s

e 8
2

-30 -20 ~10 o

emulsions

+40 (*c)

-30 =20 -10 ]

420 +30 +40

+50 (*C)

FIGURE 1 Plasticity range: Fraass and ring-and-ball,
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Elongation Characteristics

The elongation trial working method is briefly described in
the Appendix, and the results are shown in figures.

As-They-Are Binders

For fluxed bitumens, the trial is carried out at — 10°C. Figure
2 shows the average curves.

Under these conditions, all of the binders cross the flow
threshold. Stress falls more or less quickly—the higher the
threshold the faster it falls—and reaches a zero value in the
case of reference binder 7. This is characteristic of ductile
behavior. For modified binders, stress keeps a value above
zero that can increase with lengthening (binder 10). This latter
type of curve represents viscoelastic behavior similar to that
of an elastomer. It should be remembered that this is the

(o3
(MPa) |
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type of behavior sought when binders are modified for surface
dressings.

Elongation of Stabilized Binders at 20°C

Curves of the as-they-are binder types at —10°C are shown
in Figure 3. A consistency increase due to evaporation of a
part of the fluxing oils appears to have compensated for the
softening caused by the test temperature. The same general
remarks are therefore applicable.

Elongation of Stabilized Binders at —10°C

After evaporation of the volatile fraction (and breaking of
the emulsions), the binders have clearly differentiated elon-
gation behavior at —10°C (Figure 4):

__________ » 10

""""""""" -'5*""‘—‘_‘--_-::: :-_—_:;‘.:_-::9_. = 8
--------------------------------- T ww --—-012
e et me s e - e s SRR EES 1
600 800 Alll - (%)

FIGURE 2 Curves of average stress/lengthening at —10°C, 100 mm/min for

as-they-are binders (fluxed asphalt cement).
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FIGURE 3 Curves of average stress/lengthening under elongation at +20°C, 500

mm,/min.

¢ Only two modified binders (10 and 12) cross the flow
threshold at a speed of 100 mm/min;

¢ Reference binders 1 and 7, and also modified binder 9,
are brittle even at a speed of 10 mm/min; and

¢ All of the other binders (emulsions 2 to 5 and fluxed
asphalt cements 8 and 11) cross the flow threshold at an
elongation speed of 10 mm/min.

The information obtained from the elongation trials carried
out on modified binders in different conditions is fairly ho-
mogeneous. The behavior of stabilized binders, which is mark-
edly different at —10°C, is already different at +20°C and
shows up in the behavior of as-they-are binders at —10°C.
Stabilized binders that are not brittle at —10°C produce con-
siderable break lengthening (more than 800 percent) at 20°C
(or at —10°C for as-they-are binders) corresponding to equally
great stress compared with the threshold stress level.

Furthermore, 20°C cannot be considered a high working
temperature, and it appears that the most interesting infor-
mation on stabilized binders is obtained at —10°C, which is

a low working temperature. The elongation trial could there-
fore be considered an indication of the degree of modification
associated with possibilities of deformation under cold con-
ditions.

Cohesion Using a VIALIT Pendulum Ram

One of the essential reasons for adding polymers to binders
for surface dressings is to increase cohesion. The VIALIT
pendulum ram is a simple means of evaluating the energy
absorbed by the breaking of a binder film (see Appendix).
Trials of each binder are carried out at various temperatures
and a cohesion/temperature curve is drawn.

All of the cohesion/temperature curves have the same ap-
pearance. As the temperature drops from the high working
values of 60°C to 70°C, cohesion increases in proportion to
increasing viscosity and reaches a maximum value that allows
a maximum cohesion temperature to be defined. It then de-
creases from the viscous state to the brittle state and reaches
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FIGURE 4 Curves of average stress/lengthening under elongation at —10°C.

a low level that is characteristic of a brittle state. Such curves*

have been established for the anhydrous as-they-are binders
and for all of the stabilized binders (Figure 5).

It has been observed that for as-they-are anhydrous binders
the introduction of polymers leads to a considerable increase
in maximum cohesion that can almost double (binders 10
and 12). The temperature range over which cohesion is in-
creased is also considerably increased, going to as much as
20°C for these binders.

Eliminating the volatile fraction sends the cohesion curve
sliding toward the highest temperatures whether or not there
is a reduction of maximum cohesion. It should be noted that
the maximum cohesion classification order remains un-
changed. An examination of stabilized binders resulting from
modified binder emulsion breaking leads to observations sim-
ilar to those made about anhydrous stabilized binders.

It therefore appears that the best modification indicator of
both anhydrous and emulsion binders for surface dressings
is the value of maximum cohesion measured on the stabilized

binder (the value cannot be measured with as-they-are emul-
sions). The maximum associated cohesion temperature is a
reflection more of the product’s viscosity than of its degree
of modification. It is therefore interesting to know the initial
value as well as the variation during evaporation of the volatile
fraction of the fluxing oils in the case of anhydrous binders
so as to adapt them to the climatic conditions under which
they will be used.

Adhesion and Cohesion to the VIALIT Plate

The VIALIT plate test method allows binder/aggregate com-
bination brittleness to be studied under the conditions in
which it was created. This test, which was not originally
considered as a means of revealing the degree of modification
of a binder, has produced sufficiently interesting results for
it to be included in this paper. The test consists of making
plates of surface dressing (known as VIALIT plates) in a
traditional way with dry aggregate and varying the temper-
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ature of the ingredients at the moment the aggregate is put
into contact with the binder (here, 5°C and 20°C). After
compaction, each plate undergoes repeated shocks from the
ball starting at +5°C and decreasing by steps of 5°C. The
number of chippings remaining on the plate after each series
of three shocks and the temperature are noted.

This test was carried out on the six as-they-are anhydrous
binders with the three types of reference aggregate generally
used for adhesion trials—flint, quartzite, and microdiorite.
The results are shown in Figure 6.

15

Comparison of the left and the right graphs highlights the
influence of temperature at the moment chippings are added.
Although adhesion created at +5°C may appear to be sat-
isfactory, its fragility is quickly evidenced at a lower stress
temperature. This phenomenon is much less pronounced if
the chipping temperature is +20°C (see left graphs).

The influence of the type of aggregates used and their
cleanliness (even after washing, the microdiorite used was
still covered with a clay gangue) is increased under bad damp-
ing conditions (5°C) whereas it is much less under better
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FIGURE 5 Cohesion curves using a VIALIT pendulum ram.
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FIGURE 6 VIALIT plate test: percentage of different types of aggregate remaining on

plate as temperature is decreased.

conditions (20°C). It is therefore imperative to respect min-
imum temperatures, not only for modified binders but also
for the traditional binder 7. For this reason, comparisons are
based on curves established at 20°C.

This trial concerns both binder/aggregate adhesion, which
tends to take place at the beginning of the curves at around
50°C, and binder cohesion that takes place at low tempera-
tures. The empirical results are therefore generalized and
quite similar to practical usage conditions. The indicator cho-
sen 1s the temperature that corresponds to 90 percent of the
aggregate remaining attached to the plate.

Circular Trials

This test is used to study, at various temperatures, how well
chippings attached to a surface dressing remain attached after
the repeated passage of a loaded, constantly braking wheel.
The quality of the binder content to be studied is estimated
by examination of the appearance of the test bar, and the
quantity by observing the chippings rejection rate. The work-
ing method of this test is described in simplified form in the
Appendix. The chippings rejection rate per number of pas-
sages of the wheel is shown in Figure 7.
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Behavior comparisons on the treadwheel concern only sta-
bilized binders that have been prepared under conditions in
which damping is correctly carried out with hot aggregates
and support. The choice of the two test temperatures was
based on experience in previous studies and confirmed by the
first results of the present study.

It was known that

e The variation in the rejection rate due to temperature
goes through a minimum,

e The minimum rejection temperature is fairly closely
linked to the maximum cohesion temperature measured with
a VIALIT pendulum ram, and

e The most significant rejection rate differences are

rejection
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obtained at temperatures quite far from the minimum
rejection temperature.

Examination of the results indicates that, indeed, the differ-
ence in behavior is much greater at 5°C because rejection
rates after 5,000 revolutions go from less than 15 to more
than 80 percent. This temperature can therefore be considered
sufficiently low for test conditions although it is still far from
the extreme temperatures of actual winter service.

The treadwheel trial at 5°C appears to be suitable for in-
dicating the improvement that modified binders can produce
in the resistance of chippings to being torn off by traffic at
low temperatures. At 35°C the average rejection rate and its
generalization are reduced about 5 to 30 percent. At this

tests at 35°C

rejection

2) | fluxed binders
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tests at 5°C

fluxed binders
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FIGURE 7 Circular traffic simulation: rejection rate per number of revolutions.
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temperature, chippings are not rejected by the fracturing of
the binder but by a viscous fracture that also leads to chip-
pings being moved, but this is not measured. In addition, the
softening of the binder coating triggers the start of tracking
and the forcing of chinpings into the surface dressing. There
is therefore no clear difference between conventional binders
and modified binders at this temperature.

COMPARISON OF BINDER CHARACTERISTICS OF
STABILIZED BINDERS MEASURED IN THE
LABORATORY AND THEIR BEHAVIOR ON
TRAFFIC SIMULATION TRACKS

Stabilized binders are the only ones tested on the traffic
simulation track. As has already been mentioned, the traffic
simulation track trial was more discriminating at 5°C than
at 35°C. Problems such as bleeding failure, viscous displace-
ment, and embedding movements of chippings, which appear
at higher temperatures, are difficult to measure with the
rejection indicator. The ring-and-ball softening point, which
is the only indicator to approach high working condition
temperatures, is not related to traffic simulator behavior at
35°C whether the rejection rate or the “degree of blackening”
be chosen as indicator.

It would therefore appear that the proposed methodology
does not allow behavior problems under real, high-temper-
ature working conditions to be satisfactorily appraised. Com-
parisons of traffic simulator and laboratory results are
therefore limited to cold testing (Fraass and elongation at
—10°C), as well as specific indicators of modification char-
acteristics associated with the incorporation of polymers that
are independent of the temperature plasticity range and cohe-
sion on the VIALIT pendulum. An arbitrary four-level scale
was adopted for each binder to compare laboratory tests with
treadwheel tests.

The data in Table 2 indicate that
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o A close connection exists between the plasticity range
and the maximum cohesion measured by the VIALIT
pendulum.

e A satisfactory relationship exists between these two
criteria and elongation behavior at —10°C. The difference is
never greater than one of the classes defined in Table 3.

e A low Fraass temperature is a necessary condition but
is not sufficient to obtain important elongation of the fracture
at —10°C. If the Fraass lowering is due to a modification of
the binder by the polymers, it is accompanied by an increase
in the plasticity range and an increase in lengthening at the
fracture point in elongation at — 10°C. If, on the other hand,
it is simply due to a soft binder, the behavior in traction at
—10°C remains mediocre. A bad Fraass always leads to fragile
behavior under elongation at —10°C.

That traffic simulator behavior is close to the results of
laboratory tests shows that none of them can “forecast” traffic
simulator behavior. On the other hand, the “‘average” cal-
culated randomly (without weighting) over the four labora-
tory tests is fairly close (o the traffic simulaior “score.”
Differences that are smaller than or equal to a ‘“class” for
the totality of the stabilized binders can be observed.

It therefore appears that the main indicators of the degree
of modification of stabilized binders are

e Plasticity range: the softening temperature must be
measured by ring and ball, and the fragility temperature by
the Fraass method;

o Fracture lengthening under elongation at —10°C for a
speed of 10 mm/min;

o VIALIT maximum cohesion, which completes the
information given by the plasticity range; and

o The ratio of the stress at 1000 percent with the stress
at the flow threshold under elongation at 20°C and 500 mm/
min, which is fairly similar to the information obtained under
elongation at —10°C.

TABLE 2 STABILIZED FLUXED ASPHALT CEMENTS AND STABILIZED
BINDERS OF MODIFIED-EMULSION ORIGIN: SCALE OF VALUES FOR EACH

TRIAL
0 1 2 3
+ ++ 4t

Plasticity range (°C) 60 60 3 65 653 70 70
Maximum VIALIT cohesion (kg.m/cm?) 5 5al0 10a 15 15
FRAASS (°C) 5 -5 a-10 -10 a-15 -15
Fracture lengthening at -10°C 10 10 a 100 100 a 1000 1000
10 mm/min (%)
Traffic simulator (+ 5°C) rejection 75 75 3 50 50 4 25 25
after 5,000 cycles (%)
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TABLE 3 STABILIZED FLUXED ASPHALT CEMENTS AND BINDERS OF
MODIFIED-EMULSION ORIGIN: COMPARISON OF LABORATORY TESTS AND

TREADWHEEL BEHAVIOR AT 5°C
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Binder number | 2 3 4 5 7 8 9 10 11 12
() (1)
Plasticity range + TEPEY + |+« + Q 0 + S - =
Maximum cohesion + ++e TS PP ++| * + ‘e S e -
FRAASS + +++ +o | =+t L ++ ++ + - te p—
Elongation at -10°C 0 4 o o + - 0 .- - R
|

Lab. average + PO # +4 * + = — i .
Traffic simulator at 5°C * 4 + - 0 * TN — - '.-_
L

All of these characteristics measured on stabilized binders
can be obtained for all binder types, whether they be fluxed
or in emulsion. In the case of fluxed binders, certain char-
acteristics measured on the as-they-are binders are also in-
teresting indicators. It has been noticed that stabilized fluxed
binder characteristics (VIALIT maximum cohesion and trac-
tion behavior) are related to the characteristics of as-they-are
fluxed binders.

SUGGESTED METHODOLOGY FOR
CHARACTERIZATION OF MODIFIED BINDERS

The methodology suggested here aims at specifying the degree
of modification of a binder compared with a traditional
binder, and does not claim to prejudge behavior under road
traffic conditions of the surface dressing produced from such
modified binders. The surface dressing’s formulation param-
eters, such as viscosity adjustments and dosages to the me-
dium, and traffic and climatic conditions have at least as
much influence as the degree of modification of the binder.

Moreover, although the tests carried out in this study allow
cold binder behavior to be reasonably well characterized, they
are less satisfactory for hot binder behavior. In the absence
of more satisfactory tests, a minimum ring-and-ball temper-
ature is recommended to avoid the appearance of “soft bind-
ers” that might be induced by the proposed methodology.
Table 4 gives the test evaluating degree of binder modification
and suggests associated thresholds below which binders
should not be considered modified.

CONCLUSION

The French administration has invested heavily in modified
binder research for special road surface dressings during the

past 15 years. This investment was first and foremost in
research on procedures for dealing with the mechanisms that
modify traditional binder properties when polymers are in-
corporated. Second, and this is the object of this paper, it
was in characterization of industrial binders in cooperation
with the manufacturers concerned.

The present study has attempted to find a way to com-
pletely characterize modified binders for surface dressings,
and has led to

e Improvements in knowledge of the intrinsic
characteristics of each binder through laboratory tests;

e The discovery that a close connection exists between
characteristics of binders and their behavior on a circular
traffic simulator;

TABLE 4 TESTS SELECTED AND THEIR ASSOCIATED
THRESHOLDS

Characteristic Threshold
As-They-Are Anhydrous Binders
Plasticity range (°C) >50
Maximum cohesion (kg.-m/cm?) >12
Elongation at —10°C (100 mm/min)

Fracture lengthening (%) > 1000

Stress ratio at 1000% and at flow threshold >0.1
Stabilized Binders
Plasticity range (°C) >60
Maximum VIALIT cohesion (kg-m/cm?) >10
Elongation at 20°C (500 mm/min)

Fracture lengthening (%) > 1000

Stress ratio at 1000% and at flow threshold >0.1
Elongation at —10°C (10 mm/min)

Fracture lengthening (%) > 100

Ring-and-ball temperature (°C) > 50
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e A suggested characterization methodology using only
the most useful tests: plasticity range, VIALIT pendulum
ram cohesion, and direct elongation at different temperatures;
and

o Suggested threshold limits for these characteristics
below which the degree of modification of the properties
compared with traditional binders can be considered too
small.

This paper represents an important step forward in knowledge
of modified binders but does not claim to resolve all of the
problems; in the future more work should be done, partic-
ularly on

s The behavior of modified binders at high operating
temperatures (a suitable laboratory test method should also
be sought) and

o The relationship between laboratory- and treadwheel-
determined characteristics and the behavior of binders under
traffic.

APPENDIX: Brief Description of the
Trials

Elongation

During an elongation test at constant speed (500, 100, 10, or
1 mm/min), the stress/lengthening variation is measured. The
test bars are of the H2 type (Figure A-1) as defined by the
French Standard NFT 5134 of December 1981. The initial
length used in the calculations is the distance between the
jaws, which equals 50 mm.

Test temperatures are —10°C and +20°C for stabilized
binders. For fluxed binders only —10°C is usable because
their consistency prevents tests at +20°C. For each temper-
ature, the results are given for the maximum speed possible
that does not lead to fracturing before the flow threshold is
reached. For example, a result expressed at —10°C and 10
mm/min means that the binder is brittle at this temperature
for the next higher traction speed of 100 mm/min.

stress
2

e=3nm

F

U= —

/\hreshold
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Each result is presented as pairs of average values (stress
and lengthening) measured at the flow threshold and at the
fracture point and an average curve produced from at least
five repetitions.

VIALIT Cohesicn

The principle of the test (Figure A-2) is to measure the energy
absorbed by the fracturing of a binder film under a given
impact. The binder to be tested is used to stick a grooved-
surface steel cube to a grooved-surface steel stand. The cube
has two 1-mm shims that allow a binder plate to be made
up that is 1 mm thick with a 1 cm? section.

The cube undergoes the shock of the pendulum ram, and
the binder holding the cube breaks across its thickness. A
graduated dial equipped with a nonreturn needle measures
the maximum swing of the ram by steps.

This test is carried out twice: the first time, the cube is

stuck to its stand by the binder; the second time, the cube is
not stuck to the stand. A conversion table allows the energy
for each angle to be calculated.

Cohesion is equal to the difference between the energy
necessary to knock off the cube stuck on with the binder and
that necessary to knock off the unstuck cube.

Tests were carried out at temperatures between —30°C and
+60°C for each binder. The cohesiveness curves were then
drawn relative to temperature.

VIALIT Adhesion

This test is based on the principle described in the preproject
Overall Adhesion Test of a VIALIT Plate of March 1973.
It consists of making surface dressing plates (VIALIT plates)
by using traditional methods with dry aggregates and varying
the temperature of the components when they are put into
contact with the binder and aggregates (here, 5°C and 20°C).
After compaction, each plate undergoes a series of shocks
from the ball at decreasing temperatures (starting at 5°C and
decreasing by steps of 5°C). The number of chippings re-

f ract\ie

8l (2)

lengthening

FIGURE A-1 H2 test bar and typical traction curve.
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Starting pesition

Point of impact

FIGURE A-2 VIALIT pendulum ram.

maining on the plate is noted after each series of three impacts,
as is the temperature. The results are presented as a variation
graph that shows the cumulative number of chippings re-
maining and the temperature.

Circular Traffic Simulator (by Total, France)

This test aims at an overall estimate of the qualities of a
modified or unmodified binder for surface dressings by study-
ing chippings’ resistance to being torn off the test surface
dressing at different temperatures under conditions similar
to those of real life.

A ]oaded and constantly braking wheel turns on a test bar
of surface dressing made using the binder to be studied. At
each test temperature, the binder’s holding power is estimated
qualitatively by examining the test bar’s appearance and quan-
titatively by measuring the chippings rejection rate.

The trial test bar consists of a 0/10 bituminous concrete
support (40/50 bitumen, compaction level above 95, 6 cm
thick) covered with a 6/10 single layer of surface dreséing

produced with the binder to be tested at a rate of 1.5 kg/m?.
The binder to be tested is heated to test temperature (in this
case 5°C and 35°C). A probe placed on the binder to be tested
gives the exact temperature of the surface dressing, and a
second probe gives the inside temperature.

Test conditions for each temperature were as follows:

Parameter Value

Wheel speed 12 km/hr
Load 300 kg
Tire pressure 2.5 X 105
Braking torque 3m . daN

During the test, which lasts 5,000 cycles, rotation is in-
terrupted at least four times (e.g., at 300, 600, 1000, and 2000
turns), and the torn-off chippings are vacuumed up and
weighed. The results are given in graph form showing the
rejection rate and the number (#) of revolutions of the tread-
wheel (0 < n < 5000).

Publication of this paper sponsored by Committee on Pavement Main-
tenance.
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French Strategy for Preventive Road
Maintenance: Why and How?

GILBERT BATAC AND MiICHEL RAY

The French national road network, which is 28 000 km long, is
subject to heavy traffic, sometimes under difficult climatic con-
ditions. An ambitious policy for rehabilitating this network has
been in effect since 1969, and since 1972 a preventive mainte-
nance strategy has been applied. In this paper are described the
reasons that led to that choice of strategy, and figures drawn
from 15 years of experience are supplied. The preventive main-
tenance system includes a rigorous follow-up study of pavement
hehavior hased on data ohtained with powerful measuring de-
vices. The Road Data Bank collects and processes the data, and
information is made available in a technical guide to ensure
coherent implementation of the selected strategy.

The preventive maintenance system used in France provides
a very good service level, regardless of climatic conditions.
It is important that the capital investment that this road
network represents be protected by maintaining the network
to meet users’ requirements. The financial effort agreed to is
small compared with the savings it produces—particularly in
terms of vehicle operating costs and, to a certain extent,
journey times. The documents used to prepare this paper can
be made available to all persons interested in the subject.

WHY?
French Main Roads—A Dense and Busy Network

France has a network of 28 000 km of national roads across
her 550 000 km? (212,300 mi?). These roads accommodate
an average of 7,800 vehicles per day of which 13 percent are
heavy goods vehicles (HGVs); in this context an HGV is a
vehicle with a payload of 5 tons or more.

Renovation and Preventive Maintenance Policy

In 1969 France began reconditioning the national road net-
work at an average rate of 1000 km per year. From a technical
point of view, this program (known as ‘“coordinated rein-
forcing”) consisted of putting down a road base and a wearing
course.

So far 2.2 billion francs (about $350 million) has been spent
on coordinated reinforcing, and about 6000 km remain to be
treated.

Service d’Etudes Techniques des Routes et Autoroutes, 46 Avenue
Aristide Briand, B.P. 100, 92223 Bagneux, CEDEX, France.

Beginning in 1972 (3 years after the start of the program),
a preventive maintenance policy was adopted. This policy
represents the second step, fully in stride with the first one,
that consists of the complete renovation of the network to
adapt its structure to both traffic and climate.

A volunteerist policy provided for ambitious new targets.
Three closely linked objectives are associated with this pre-
ventive maintenance policy:

e To provide the country with a consistent traffic flow
level, regardless of climatic conditions;

e To provide, at all times, a consistent and unchanging
quality of service to users, bearing in mind users’ ever growing
safety and comfort requirements; and

e To adapt road structures to foreseeable traffic
conditions.

Roads awaiting rehabilitation are subject to an upgrading
maintenance policy the aim of which is simply to limit deg-
radation while ensuring necessary repairs to maintain traffic
flow.

It was not easy to get the preventive maintenance policy
accepted as reasonable because maintenance of rehabilitated
roads costs about twice as much as maintenance of the same
roads before rehabilitation. Rehabilitation had adapted pave-
ments to the new requirements, especially by making them
frost resistant. The higher maintenance costs were therefore
consistent with the objective of maintaining capital invest-
ment value and with the desire to avoid damage by severe
winters or heavy vehicles. Preventive maintenance should
prevent ever having to invest in a second rehabilitation pro-
gram.

Those responsible for roads, as well as locally elected of-
ficers, who could have had the impression that money was
being spent on roads in seemingly good condition and that
nonrehabilitated roads were being left to deteriorate, had to
be convinced. The basic principle of preventive maintenance
implies spending money before the quality of pavements de-
teriorates seriously or irrevocably, and so the concept of car-
rying out work on apparently good pavements must be
accepted. Moreover, in the early 1970s the temptation to
divide funds and maintenance more ‘“‘equitably” between re-
habilitated and nonrehabilitated roads was great.

If the preventive maintenance policy finally prevailed it
was because it was the logical extension of a credible com-
bined rehabilitation policy; users of nonrehabilitated roads
simply had to be patient, and, in any case, the Directorate
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of Roads aimed to complete reinforcement of the 28 000 km
of national roads by the early 1980s. Despite the considerable
time taken for combined rehabilitation, the target was main-
tained.

STRATEGIES

There is no single strategy for renovating and maintaining a
road network. Various strategies can be imagined for up-
grading and maintaining underdesigned or damaged pave-
ments such as those in France in the late 1960s. The following
four strategies have undergone detailed comparative studies.

Strategy 1: Localized Repairs Without Structural
Strengthening

This strategy consists of allowing deterioration of the pave-
ment to continue while searching, whenever possible, to avoid
acceleration (punctual repair is carried out on deteriorations
when they appear and surface dressing may be done for
protection against water infiltration).

This is a strategy of submission, not direction. Most often
it is the result of abusive budgetary restrictions, and it is no
doubt an exaggeration to consider it a real strategy.

This strategy provides a low level of service; the evenness
obtained is mediocre and ephemeral. It gives no improvement
to the structure, and the probability of blocking traffic during
a thaw is in no way reduced.

This strategy is rather restrictive for the manager because
it requires uninterrupted surveillance of the network along
with rapid, frequent, and nonprogrammable intervention be-
cause potholes or other deteriorations of similar nature must
be repaired as soon as they appear.

A large work force and adapted equipment are required,
and it is difficult to optimize all of these factors. In reality,
this strategy should be applied only to a very secondary
network with little traffic.

Strategy 2: Progressive Redressing

This strategy consists of applying relatively thick asphaltic
concrete wearing courses (approximately 10 cm) at regular
intervals (about 5 years in cases of average traffic) with bank
supports and improvement of the drainage system if neces-
sary.

Localized interventions might still be necessary in order to
repair deteriorations that might follow a severe winter.

This strategy has several drawbacks:

e The laminated structure of the pavement prevents
adequate behavior of the assembly;

e The structure remains underdesigned and therefore
fragile; during a severe winter it may be necessary to restrict
heavy-vehicle traffic during thaws; and

o Repeated interventions on traveled carriageways cause
considerable nuisance for users.

23

This strategy leads to the exclusive use of asphaltic materials,
and asphalt produced from petroleum is costly.
Nevertheless, there are some advantages:

o The initial investment is relatively moderate, which, at
a given budgetary level, makes possible more rapid renewal
of the network and good homogeneity;

o Except during severe winters, the level of service
remains adequate; and

¢ The techniques used are highly flexible in both program
and execution.

This type of strategy therefore appears to be well adapted for
networks with moderate or average traffic in areas where the
climate is generally not severe.

Strategy 3: Strengthening Followed by Preventive
Maintenance

This strategy requires a large initial investment for a pavement
design thickness that will provide a service life similar to that
which is given to a new pavement vis-a-vis both traffic and
frost. This is the strategy that has been applied to the national
road network since 1969. It should be stressed that a quarter
of this network carries more than 750 HGVs a day.

To maintain the capital investment, this strategy envisages
follow-up structural strengthening so that the surface qualities
(evenness, roughness, waterproofing) remain at a high level
and that, at the same time, compensation is made for the
accumulated fatigue of the road base.

Maintenance work is therefore mainly surface dressing or
laying an asphalt wearing course of variable thickness. It is
thus possible, if maintenance interventions are carried out in
time, to give the pavement an almost infinite service life.

However, this strategy requires a very high initial invest-
ment, and it is illusory to envisage the general strengthening
of an entire network within a short time; the manager is
obliged to concentrate the investment effort on those parts
of the network that are considered top priority, and conse-
quently he must delay intervention on the remainder of the
network (i.e., adopt Strategy 1, a strictly curative strategy,
for the latter network).

Any continuous and excessive budgetary restrictions can
undermine the overall credibility of such a strategy because
they delay the renovation of a part of the network that is
deteriorating acceleratingly.

Strategy 4: Strengthening Followed by Curative
Maintenance

This strategy is a combination of Strategies 1 and 3. It consists
of strengthening the existing pavement (as in Strategy 3) and
then ensuring maintenance by patching and dressing (as in
Strategy 1). When a break in the pavement occurs, new
strengthening is required and the cycle is repeated.

The level of service, good at the beginning, deteriorates in
time (this is contrary to the user’s wishes); it remains superior,
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FIGURE 1 Fatigue damage by strategy.

however, to the level obtained with Strategy 1, particularly
at the beginning of the cycle.

As is the case with Strategy 3, a very high initial investment
is necessary. The present strategy is nevertheless still more
sensitive to budgetary fluctuations because an extreme limit
is awaited before strengthening action is taken.

Indeed, everything takes place as if a massive investment
were made and the capital were left to progressively consume
itself; it is then reconstituted as the end of the term.

Recapitulation and Conclusions

Figure 1 shows the evolution in time of fatigue damage sus-
tained by a pavement. For this analysis, “pure” strategies are
used; however, various combinations can bc found in reality,
particularly after a delay in the execution of certain main-
tenance operations.

The first horizontal line represents reference damage, that
is, the accumulated damage sustained by the pavement at the
end of its design life in the absence of all structural main-
tenance. Consequently, as long as the reference damage line
has not been reached, fatigue breaking of the pavement should
not occur.

The interval of time between two interventions (in the case
of Strategies 2 and 3) is equal to T.

The relative position of the strategies studied can be de-
scribed as follows:

o Strategy 1 is always found above the breaking threshold,
which is to say that the capital of fatigue is consumed from
the beginning.

o Strategy 3 is represented by a converging series (given
an hypothesis of damage additivity), the curve of which is
asymptotic at the reference damage line. This means that
routine maintenance interventions (T, ..., N T) confer a
practically infinite service life on the pavement.

s Strategy 4 implies that new strengthening will be done
as soon as damage reaches the reference damage line.

o The area situated between the Strategy 3 curve and the
reference damage line is the domain of Strategy 2, which is
qualified as “‘progressive” in opposition to Strategy 3; the
design thickness, which is initially much thinner (resulting

in a larger damage curve slope), must later be compensated
for by heavier maintenance interventions if the break
threshold is not to be exceeded.

France has selected, for its national roads, a rehabilitation
strategy followed by preventive maintenance to provide all
users with a high level of service everywhere and under all
climatic conditions (this is essential). After this was decided
upon, large investments were agreed to as well.

HOW?

Regardless of its organization, a system of road maintenance
management must

o Gather all information on the condition of the
pavement;

s Define the work requirements and their classification
in priority order; and

e Provide the engineers with a wide range of well-
adapted, well-known, and reliable techniques.

The first task that people in charge of maintenance must
assume is to appraise the road sections under their charge.
For this, they have at their disposal data, measured or ob-
served, that they must interpret and examine to determine
rules for action. Two approaches are possible: (a) development
and use of an overall indicator and (b) “serviceability index”
or a parameter-by-parameter analysis.

Analysis of Parameters

Since 1972 present serviceability index (PSI) methods have
been found to lack the qualities required of an ideal system
for selecting stretches of road to be maintained in priority
order. A parameter-based approach allows the required se-
lectivity to be attained and, at the same time, takes advantage
of modern auscultation methods and leaves the way open to
future progress. This approach consists of fixing warning and
intervention thresholds for each parameter (bearing capacity,
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evenness, skid resistance, surface deterioration, etc.) based on
foreseeable consequences such as safety and comfort of users
and the structure itself (wearing course regularity, conser-
vation of the structure, etc.).

Technical Guide to Preventive Maintenance

The Technical Guide to Preventive Maintenance, which was
published in 1979 and is used today in all maintenance de-
partments, is based on this concept. It should be noted that
this guide has been in continuous use for nearly a decade by
1,300 subdivisions of a hundred or so public works district
directorates. Even though true “pavement management sys-
tems” are now available in France and include the laws of
deterioration evolution for pavements, the wide use and value
of this guide should be stressed. It is the tool that allows
coherent implementation of the chosen strategy.

This guide, designed for prime contractors, was written to
answer three key questions:

o When and where should maintenance be done?
« What job is to be carried out?
e What is the degree of urgency of the proposed work?

The answers are not simple and the proposed approach, al-
though constituting a remarkable advance in a domain that
has been neglected and devalued, offers only provisional so-
lutions, which are, however, precious to decision makers.
To define maintenance requirements, the guide retains
three successive approaches, which are relatively independent
of each other and cover the main maintenance objectives:

e Conserve and adapt the structure;
e Conserve general safety and comfort; and
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e Conserve the intrinsic surficial qualities of the
pavements.

For each of these objectives, the pavement condition is char-
acterized by a series of quantified condition indicators: de-
flection, evenness, roughness, and apparent strains (the list
of the indicators obviously differs with respect to the objective
considered). These indicators are generally accompanied by
two or three degrees of gravity in comparison with reference
values.

If he knows the value of the condition indicators, and the
various data on the structure or previous works as well as
the road environment, the engineer in charge of maintenance
can diagnose pavement conditions. In practice, he marks the
sections that raise problems (this is the summary diagnosis)
and then searches for the cause of the detected faults and
attempts to predict their evolution (this is the detailed di-
agnosis). When the diagnosis has been made, homogeneous
sections are defined from the point of view of their condition
(identical indicators and degrees of gravity) under each of
the three approaches mentioned previously.

Because of the intervention thresholds provided by the
maintenance regulations, it is now possible to define elemen-
tary work sections. These thresholds constitute “quality stan-
dards” that link the quantitative condition indicators to the
various possible maintenance jobs.

The final works program is obtained by making a synthesis
of the defined elementary works. The works retained are then
classified according to their priority by means of a system of
notation that is based on the nature and gravity of the detected
defects. In certain cases, a laboratory study is necessary to
define the content of the works.

Table 1 gives the Technical Guide method for the “con-
serving the structure” objective in the case of untreated sub-
bases. It gives warning and intervention threshold values and

TABLE 1 WARNING AND INTERVENTION THRESHOLDS
Condition Indicator Parameter Degree of Gravity
Level 2 Level 1
Deflection Deflection to ¥4, mm depending on
traffic
TO 35-50 Values greater than Level 2 maximum
T1 50-75
T2 75-100
T3 100-150
Structural Deterioration
Roadside defects (subsidence, ridges)  Percentage of pavement length affected 5%-10% Values greater than Level 2 maximum
Depressions and potholes (appearing  No. per 200-m section 2-4 Values greater than Level 2 maximum
or filled)
Large-scale rutting Average depth 15-20 mm
Percentage of length rutted >30% 20 mm over more than 30% of length
Crazing Percentage of surface crazed 2%-5% Values greater than Level 2 maximum
Longitudinal cracks in wheelpaths Percentage of length cracked 5%—-10% Values greater than Level 2 maximum

Roughness

Irregular roughness

Considerable reduction in value (2 points minimum)
between two successive measurements may indicate
structural deterioration
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TABLE 2 DEFINITION AND CLASSIFICATION OF WORKS BY PRIORITY (Guide
technique de Dentretien préventif, SETRA-LCPC, 1979)

Deflection
T.ess Than

Structural Deterioration Level 1 Level 2 Level 2
Structural deterioration

Level 1 Priority 1 Priority 1 Priority 2

Level 2 Priority 1 Priority 2 Surveillance?

Likely to become generalized Priority 2 Surveillance?

Absent Backup study® Surveillance?

2 Special surveillance of the section and detailed inspections and additional measurements if required. Local

repairs if necessary.

b To define the types of works to be planned and their urgency.

definition of the required works based on these thresholds.
Classification of works by priority is given in Table 2.

Traffic Group T1 is calculated from the mean daily traffic
of HGVs on the most used lane of the road. TO corresponds
to between 750 and 2,000 HGVs per day. T1 corresponds to
between 300 and 750 HGVs per day. T2 corresponds to
between 150 and 300 HGVs per day. T3 corresponds to
between 50 and 150 HGVs per day.

If, on a road with an untreated subbase that has 600 HGVs
per day (T1), there is a deflection of 70/100 mm (Degree of
Gravity 2) and crazing of 6 percent of the pavement (Level
1 deterioration), then the necessary maintenance works are
of Priority 1.

Maintenance Management System

The maintcnance management system throughout the na-
tional network is based on strict surveillance of pavement
behavior and condition. This follow-up is carried out by
highly efficient auscultation equipment that complements a
systematic, well-classified visual examination:

e The Lacroix deflectograph, developed in France,
measures the deflection under a wheel loaded at 6.5 tons and
traveling at a speed of 4 km/hr (there is a measuring point
every 3.7 m). A new version of the apparatus, called “long
chassis,” allows detection of small variations in deflections
on semirigid pavements.

¢ A section length analyzer, developed in France, allows
simultaneous measurement of evenness in the two tire tracks
at a speed of 72 km/hr. It makes it possible to obtain a
technical mark for evenness between 0 and 10 for each 200-
m section of road and for three ranges of wavelength.

e The SCRIM, developed in Great Britain, measures the
transverse friction coefficient (one value every 20 m) at a
speed of 60 km/hr with the aid of a measuring wheel inclined
at 20 degrees with respect to the traffic direction. Since 1986
the SCRIM has been equipped with a Rugolaser that
measures sand height, which is representative of
macrorugosity.

e The GERPHO, which is a continuous-stream camera
mounted on a vehicle, makes it possible to film surface
deterioration at a speed of 50 km/hr. The films are examined
in a semiautomatic manner with the aid of a reading board.
The GERPHO is especially useful on heavily trafficked roads,
mainly freeways, visual inspections of which are dangerous
for personnel. It is particularly adapted to close follow-up
inspection of concrete slabs, where the same types of
deterioration are found along the entire route. The GERPHO
could in no case take the place of a visual inspection on foot,
but it can be used as a support tool for detecting sections
that must be examined in more detail.

From the beginning, continuous rutting measurements
have been unnecessary because in France the quality of bi-
tuminous mixes is such that widespread deterioration of this
type does not occur, in spite of some very hot summers and
the 13-ton legal axle weight.

The Guide technique de Dlentretien préventif (Technical
Guide to Preventive Maintenance) specifies the average fre-
quency of passage of measurement devices, and each year the
Roads Department establishes a program for the main road
network.

The year after a new or strengthened pavement is placed
in service, what is called a “zero point” is determined by
allowing all of the apparatus to pass over the pavement.

Thereafter, roughness is measured every 2 years and even-
ness and deflection every 4 years. The GERPHO is not yet
programmed systematically (except by most of the freeway
management firms). If required, more frequent measurements
are carried out on certain sections in case of either difficult
diagnosis or rapid evolution.

Apparent deterioration of and strains on the pavement
wearing course are marked during detailed visual inspections
at least once a year and, if possible, twice a year. Carried out
entirely or partly on foot, these inspections are written up in
a report in which figure the deteriorations and strains, quan-
tified and localized on the ground.

This method of pavement condition follow-up is one of the
fundamental axes of the technical guide; the guide also in-
cludes a catalogue of deteriorations with definitions and pho-
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tographs that make it possible for all of the services to use
a common language and to greatly reduce possible differences
in notation used by the various teams. Specific training is
desirable for the agents responsible for visual inspections.

Road Data Bank

The Road Data Bank can be defined as an assembly of data-
processing files that are coherent among themselves (partic-
ularly in terms of the location and definition of information),
accessible to numerous users, able to be modified with respect
to the evolution of their needs, and continuously updated.
A catalogue of information has been produced that specifies
definitions and data collecting and updating methods for each
type of data used. Seven types of data have been listed:

1. Basic information about nomenclature and adminis-
trative classification;

2. Geometric characteristics such as horizontal align-
ment, longitudinal section, and width;

3. General road equipment and appurtenances;

4. Road pavement structures and works including course
types and thicknesses, binder types, and grading;

5. Road pavement auscultation data (skid resistance,
evenness, deflection);

6. Traffic; and

7. Accidents.

Two devices for collecting data automatically have been de-
veloped:

e The Cameroute takes photographs every 10 m at a
speed of 50 km/hr. It allows longitudinal and transverse
distances to be measured and qualitative data on traffic
signing, trees, barriers, and the like to be collected. The results
are compiled manually.

e The Gyros is a gyroscopic device that allows bend radii
and slopes to be calculated.

The data on the pavement structures and works are tran-
scribed manually in letters on appropriate slips, according to
a simple and rapid procedure.

It is also necessary to emphasize that the results obtained
by the high-output measurement devices are integrated into
the roads data bank.

One of the main products of the data bank is the Pavement
Itinerary Sketch (PIS), which has been specially designed for
use with the Technical Guide to Preventive Maintenance. The
synthesis PIS shown in Figure 2 is an example of results of
measurement by high-output devices and visual inspections
(for a road section 10 km long) as well as information on the
structure (nature and thickness of the layers, dates of mea-
surements etc.). The PIS is used in establishing a pavement
status diagnosis according to the Technical Guide.
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Preventive Maintenance Strategy

The secondary network in France is made up of 347 000 km
of district roads that carry an average of 1,200 vehicles per
day. This average, however, hides considerable fluctuations.

On larger district roads, the local authorities generally
operate under a policy inspired by that of the national net-
work. On district roads with less traffic, curative mainte-
nance, often using surface dressings and patching, is presently
used.

In all cases, however, the strategies are based on systematic
surveillance of the network. There is also a clear preference
for a preventive maintenance policy for heavily trafficked
motorways. The procedures used on both the privately and
state operated motorways have their roots more or less in
the Technical Guide.

RESULTS OF PREVENTIVE MAINTENANCE
POLICY

Preventive maintenance provides a consistent, long-lasting
high level of service for users. Since 1980, the Technical Guide
to Preventive Maintenance has been applied to the national
road networks in all French districts By setting up “‘quality
standards” and maintenance rules, the Guide has led to long-
lasting roads and a consistent, quantified, high level of service.

Because the principle of this policy is to not intervene
systematically or periodically, but according to an evaluation
of real needs, the funds devoted to the maintenance of the
national network can vary appreciably from region to region
for a given year, or from year to year for a given region. In
1987, for example, the funds allocated per kilometer varied
from 24,300 francs (about $4,050) in the Mediterranean re-
gion to 41,100 francs (about $6,850) in the South West region
(the Paris region is not in this range because its highly urban
nature leads to higher costs). Generally speaking, roads for
which maintenance costs are lower are either those that have
recently been rehabilitated or those that were rehabilitated a
long time ago and have already received a thick maintenance
layer. From year to year in a given region, preventive main-
tenance funds (per road kilometer) can vary by a factor of
two and even three.

This clearly shows that merely allocating maintenance
funds according to the mileage of roads would not ensure a
consistent level of service.

From 1981 to 1987 the network covered by preventive
maintenance has grown from 17 000 to 22 000 km (including
state-operated motorways). During the same period the per-
centage of surfaces on which preventive maintenance works
have been carried out has developed as follows:

Year Percentage
1981 6.5
1982 6.6
1983 6.8
1984 5.9
1985 6.8
1986 8.2
1987 9.3
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This evolution was possible because the budget, which had
gone up only slightly from 1982 to 1984, was considerably

increased in 1986 and 1987.
This can also be explained by the evolution in the tech-

niques used, more precisely by the use of techniques with a
low cost—to—surface-treated ratio; more than 50 percent of
the surfaces treated in 1987 were re-covered with a surface
dressing or bituminous concrete less than 4 cm thick (com-
pared with 33 percent in 1982). In 1987, 17 percent of surfaces
treated received a layer of bituminous concrete more than 5
cm thick (compared with 33 percent in 1982).

Long-Term Funding

To be believable, a preventive maintenance policy requires
adequate long-term funding. How the Technical Guide to
Preventive Maintenance works and how it led to priority
classification (Priority 1 or Priority 2) was described earlier.
In practice, the overall demand volume for works, and con-
sequently the necessary funding, can vary considerably up-
ward, after hard winters, for example, or downward as a
result of the use of “delaying” techniques such as surface
dressings. Funding can also be modified by budgetary real-
lotments or limitations.

For these reasons funds devoted to preventive maintenance
are not always sufficient; if the allocated funds are divided
by the funds required to carry out the Priority 1 works [i.e.,
the most urgent ones (X 100)], it can be seen that this value
has been 80 on average for 8 years (1980-1987), whereas a
rate of 100 is usually considered normal. Fortunately, such
budgetary limits do not cast doubt on the overall preventive
maintenance policy; because the implemented strategy is rel-
atively far from the reference damage (Figure 1), it is possible
to accept a little delay in necessary maintenance. Vigilance
should, however, be the watchword. Even small delays have
repercussions in the future; if, for example, necessary struc-
tural work is put off for 2 years the thickness of the later
works will have to be increased by 50 percent. In the worst
cases, too long a delay means that there will have to be a
radical change of strategy from rehabilitation to simple main-
tenance.

One major difficulty of a preventive maintenance policy is
that users, and so also public powers, have difficulty realizing
what is at stake because pavements always appear to be in
good condition.

Progressive Construction

In some cases a policy of progressive construction can be
better than preventive maintenance. Three real-life cases will
be used to illustrate the advantages and disadvantages of these
two kinds of strategy—the “Progressive Construction” strat-
egy and the “Structure Catalogue” (French reference docu-
ment for design of new pavements on national roads) strategy.
Economic results will be given for both overall construction
and maintenance, and comparisons will be made for 10- and
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25-year periods. This case study is taken from the conference
on La Route et ’Energie that was held in Paris in 1981.

Strategy 1: Progressive Construction

The progressive construction case is based on an actual case
that is analyzed from various points of view including traffic,
structure, materials, and maintenance carried out. A plausible
scenario can thus be extrapolated over the first 25 years: The
initial works are those that have actually been carried out,
and the following ones are the result of a calculation based
on average hypotheses drawn from available information.
Works that will really be carried out in the future could be
different depending on unknown factors (quality of materials
and implementation quality).

Strategy 2: Structure Catalogue

This strategy is of the Catalogue type with slag-treated gravel
base and subgrade. Average maintenance sequences were de-
fined to take into account the increased traffic rates that differ
noticeably from those defined in the Catalogue.

Costs, expressed as relative values, are actualized costs
under 1981 economic conditions. Thicknesses are expressed
in centimeters.

Example 1 This example, selected from the national net-
work, corresponds to a flexible structure made of untreated
gravel on medium-quality subgrade. When this road was
opened in 1966, traffic was very light (60 HGVs/day), but
it grew at an annual geometric rate of 12 percent. The struc-
ture had to be rehabilitated (Table 3).

The progressive strategy requires rehabilitation after 14
years and is the most cost-effective; it makes it possible to
save 18 percent over 10 years and 10 percent over 25 years
compared with the Catalogue strategy.

Example 2 This example is of a motorway that had a light
bituminous coating on an exceptionally good base of natural,
clean, very thick, well-graded aggregate.

Traffic was always heavy (300 HGVs at the opening in
1965) and had a high growth rate (14 percent geometric per
year). In calculating future growth, a lower rate was used to
take into account transfer of traffic to the adjoining lane.
These circumstances of exceptionally good base plus high
traffic flow growth very much favor progressive work (Table
4).

The progressive strategy produces a saving of 21 percent
over 10 years and 19 percent over 25 years compared with
the Catalogue strategy.

Example 3 This example was also chosen on a motorway
that had a bituminous treated gravel structure. General fea-
tures here were less favorable to progressive working because
the soil was only mediocre, although the traffic growth rate
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TABLE 3 EXAMPLE 1
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Strategy 2
(carried out)

Strateqgy 3
(Catalogue)
using slag

treated gravel

Construction

40 NTG + 9 BC

38 SG + 6 BC

Maintenance 5 BC at 5 years *
4 BC at 9 years *

8 BC + 12 BG at 14 years *
4.8 BC at 22 years

5.6 BC at 30 years

5 BC at 5 years

4.8 BC at 14 years
5.6 BC at 21 years
5.6 BC at 28 years

* these interventions were actually carried out.
BC = Bituminous concrete ; SG = Slag treated gravel ; BG =
Bituminous treated gravel ; NTG = Non treated gravel.

Analysis after 10 years

Strateqgy 2
Construction cost 0.74
Updated construction 1: 0

+ maintenance cost

Strategy 3
i

1.22

Analysis after 25 years

Strateqgy 2
Construction cost 0.64
Updated construction I. 0

Strategy 3
0.95

1.11

+ maintenance cost

was less than in the other cases (9 percent). At the opening
in late 1972 there were about 220 HGVs per day (Table 5).
The traffic flow growth rate is less than in the other cases,
although it is higher than the average for national roads.
The progressive strategy makes possible savings of 8 per-
cent over 10 years and 4 percent over 25 years compared
with the Catalogue strategy.

Conclusions Drawn from Examples

It can be seen from this synthetic study that the advantages
of a progressive construction method compared with a Cat-
alogue strategy take on even more importance when

o The subsoil has good carrying qualities,
e Initial traffic flow is low,

o HGYV traffic growth is high,

o The updating rate is high, and

o Bituminous mixtures are inexpensive.

However, a progressive strategy has two disadvantages:

o More materials, and therefore more energy, are used
in the long term. This high energy consumption is further
increased by the use of techniques that require bitumen.

e Delays in applying scheduled maintenance courses are
less well tolerated.

Moreover, in all cases, progressive construction of structures
implies frost damage checking, and some French regions are
subject to such deep frosts that the progressive mcthod is
ruled out. Thus it can be said that the rigorous climate of
many French regions and main-road traffic characteristics
(high initial level followed by relatively slow growth) dis-
courage the choice of a progressive strategy. On the basis of
all of the elements described, the strengthening (or Catalogue)
strategy with preventive maintenance was chosen as the most
suitable for France.

Frost Protection

The immediate and lasting frost protection given by a re-
habilitation strategy followed by preventive maintenance
leads to considerable economic savings.

One of the main advantages of the strategy applied to the
French national network is that it has enabled pavements to
resist extreme climatic conditions, in particular freeze-thaw
cycles, without damage.

Combined rehabilitations were described earlier, and it was
mentioned that around 6000 km remain to be treated. This
means that HGV traffic has to be limited over part of these
roads under thaw conditions.

The extreme conditions of the winter of 1984-1985 un-
derscored this Achilles’ heel. Weight limits during the thaw
had to be imposed for 2 or 3 weeks on national roads that
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TABLE 4 EXAMPLE 2
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Strategy

(carried out)

2

Strategy 3
(Catalogue)
using slag
treated gravel

Construction 20 BC 38 SG + 8 BC
Maintenance 5 BC at 4 years * 4.8 BC at 8 years
4 BC at 15 years * then, 5.6 BC each
12 BC at 21 years * year
4 BC at 29 years

* these interventions were actually carried out.

BC = Bituminous concrete ;
Bituminous treated gravel.

SG = Slag treated gravel

; BG =

Analysis after 10 years

Strategy 2 Strategy 3
Construction 0.83 1.16
cost
Updated construction 1.0 1.27

+ maintenance cost

Analysis after 25 years

Strategy 2 Strategy 3
Construction 0.77 1.06
cost
Updated construction 1.0 1,23

+ maintenance cost

had not yet been rehabilitated, as well as on the majority of
secondary roads. Losses due to reduced turnover and in-
creased costs resulting from reorganized journeys, produc-
tion, and sales have been estimated at 30 billion francs (around
$5 billion).

These losses and additional costs were not incurred only
on national roads; secondary roads also play a vital role in
end-of-trip deliveries. Nor were these losses a complete write-
off for the country. Many of those responsible for road man-
agement have no doubt compared this figure with the 2 billion
or so francs ($330 million) devoted annually to renovation
and preventive maintenance of the national main road net-
work and noted the difference of scale.

The winter of 1984-1985 also demonstrated very clearly
the excellent reaction to continuous heavy traffic of the 20 000
km of roads that had received preventive maintenance. It is
likely that waterproof qualities of pavements, partially re-
sulting from preventive maintenance, played an important
role.

High Levels of Service

High levels of service result in considerable savings by re-
ducing users’ costs. The strategy of rehabilitation followed

by preventive maintenance also leads to reduced costs for
road users, the first of which are the operating costs of vehicles
that are especially sensitive to pavement roughness.

In spite of the importance of cost variations that depend
on pavement qualities, no precisely quantified figures are
available in France. A simple simulation carried out with the
World Bank Highway Design and Maintenance Standards
(HDM) model nevertheless gives an idea of the scale involved.
This simulation estimates the difference between operating
costs on a good, even surface and a bad surface at 0.1 franc
(or $0.017) per vehicle kilometer. The two evenness values
were chosen in the French context and are representative of
a newly rehabilitated pavement, or one maintained by pre-
ventive maintenance techniques, and a nonrehabilitated pave-
ment subject to curative maintenance.

This difference in operating costs does not tell the whole
tale, but extrapolating over the entire national road network
of 28 000 km, given traffic flow of 7,800 vehicles daily, gives
a yearly total of 8 billion francs ($1.333 billion).

This result should be considered only an indication, but it
is likely that savings resulting from reduced vehicle operating
costs are approximately 5 times greater than the investment
difference between a policy of renovation followed by pre-
ventive maintenance and one of curative maintenance.

This review should be completed by adding the time gained
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TABLE 5 EXAMPLE 3
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Strategy 2
(carried out)

Strategy 3
(Catalogue)
using slag
treated gravel

Construction 27 BG + 6 BC 47 SG + 8 BC
Maintenance 7.8 BC every 8 4.8 BC at 8 and 16
years years
5.6 BC at 24 and 32
years
BC = Bituminous concrete ; SG Slag treated gravel ; BG =

Bituminous treated gravel.

Analysis after 10 years

Strategy 2 Strateqgy 3
Construction 0. 1.0
cost
Updated construction y 1.09

+ mailntenance cost

Analysis after 25 years

Strategy 2 Strategy 3
Construction cost 0. =92
Updated construction 1.0 1.04

+ maintenance cost

by users. It appears that the level of service provided by
preventive maintenance with strengthening is around a sig-
nificant 10 percent higher than that provided by curative
treatment without strengthening, with more or less the same
safety levels.

Structural Behavior

Structural behavior results contribute to the evaluation of the
French preventive maintenance strategy. These results, es-
tablished in 1985, were based on statistical analysis of the
maintenance carried out since about 1972 and were presented
to the 65th Annual Meeting of the Transportation Research
Board in 1986.

More than half the preventive maintenance network, in
other words 11 000 km of main road network sections, was
studied. Three-quarters of these roads were rehabilitated, and
the other quarter was new roads.

The main maintenance lessons learned from this study are
discussed in the following subsections.

First Maintenance

For all structural types, the first preventive maintenance in-
tervention takes place on average 9 years after the road is

opened. The average lime is 9 to 10 ycars for rehabilituled
roads and 8 to 9 years for new roads.
These average figures hide considerable variations:

« No maintenance has been carried out on about 5 percent
of 16-year-old roads.

e Some sections require early maintenance or two
successive interventions. Between 2.5 and 3 percent of
stretches are maintained after 3 years or have two
interventions in 10 years. These types of problems are studied,
and the results are used to modify future design and
construction.

The nature and cost of maintenance works vary. The fol-
lowing cost scale has been drawn up for five types of jobs:

Index Job

1 Surface dressing

2.5 3- or 4-cm bituminous concrete

5 5- to 8-cm bituminous concrete
9- to 14-cm bituminous concrete

10 Structural rehabilitation (base and

wearing courses)

By applying these indices to the percentages of length on
which the various types of tasks have been done, it is possible
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to obtain an average weighted cost index (AWCI) for the
maintenance of each structure.

The value of this weighted index is 3.8 for all structures
combined, from 4 to 5 for new roads, and from 3 to 4 for
rehabilitated roads. Thanks to the Technical Guide to Pre-
ventive Maintenance, which gives well-calculated service lev-
els, maintenance decisions are triggered at the right time.
This allows relative judgments to be established for various
pavements (flexible, semirigid, etc.).

The more HGYV traffic there is, the more involved is main-
tenance, but the analysis shows a ratio factor between these
two criteria.

Second Maintenance

Structural behavior results are continuously studied; during
the past few years new data, particularly on the second main-
tenance intervention, have been collected. Figure 3 shows,
for all structures, according to their age, the percentage of
road stretches that have received first maintenance (solid line)
and the percentage of stretches that have received second
maintenance (broken line).

At present only the beginning of second maintenance (less
than 10 percent of the total length) can be observed between
6 and 12 years. Although this graph’s slope variation is less
than that of first maintenance, this tendency is still to be
confirmed.

In the short term the objective of the permanent monitoring
of structural behavior is to contribute to practical preventive
maintenance evaluation.

WORK IN PROGRESS
Quantified Service Level Follow-Up

Among the objectives of the preventive maintenance policy
practiced on the French national road network is that of
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maintaining a high level of service to the user. This is why
a synthetic system was set up to follow up on level of service.
Two priority indicators were selected—one related to journey
time and the other to pavement condition.

Journey Time Indicator

A method of measuring journey times over a network divided
into sections was set up and a working method devised for
the measuring teams. Data collection started in 1987.

Pavement Condition Indicator

This is an indicator of both usage wear quality and asset
quality. Unlike the journey time indicator, which requires
measurements taken on many network sections, it is based
on a sample. Sampling methods are currently being set up,
and data collection and processing have already started. This
indicator should be operational in 1988.

Benefits Derived from Experimental Data

In a country in which all rehabilitated national roads are
maintained preventively it is difficult to find an adequate
statistical basis for reckoning what a curative maintenance
system would cost, but the choice of maintenance policy is
directly influenced by the rate of degradation near the end
of a structure’s life.

Experimental data dictated the fundamental choice of a
preventive maintenance policy in the late 1960s and the
choices of quantified thresholds in the Technical Guide to
Preventive Maintenance in 1979. First, a limited number of
data were examined closely because there were not many
sections that had both suitable structures and a sufficiently
long maintenance period for observation.

Initial approximate estimates of pavement degradation evo-
lution laws proved to be reasonably, and sometimes very,
accurate. Since that time,

o The Laboratoire Central des Ponts et Chaussées has
used a fatigue treadmill to calculate degradation evolution
toward the end of the life of roads. The results appear to
confirm the first choices, especially for semirigid structures
the total fatigue potential of which is used up by dense heavy-
vehicle traffic that causes rapid deterioration.

e A few isolated roads that had not received preventive
maintenance in time required more costly maintenance or
even rehabilitation at a cost considerably higher than that of
the preventive alternative.

These considerations, along with a variety of other factors
such as the desire of users to have a long-term high service
level, have tended to confirm the French engineers and de-
cision makers in their choice of preventive maintenance,
which is especially important when the roads in question are
subject to heavy traffic.
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Recent World Bank analytical documents, although not
applicable in the same context, contain solid economic anal-
yses that indicate that delaying road maintenance for too long
causes loss of invested capital and increased users costs.

The exchange between countries of information on exper-
imental laws of pavement deterioration evolution, with or
without preventive maintenance, is a key factor in determin-
ing maintenance policies.

CONCLUSIONS

Having undertaken the renovation of her national roads,
France implemented a strategy of preventive maintenance for
the network in 1972. This program is today applied to 21 000
km of roads.

Given the density of HGV traffic and the sometimes very
severe winters, this strategy is the most effective if a high,
consistent level of service is to be ensured both in time and
in space.

Control of the preventive maintenance program depends
on strict follow-up evaluations of pavement condition, a com-
puterized data bank, and the Technical Guide to Preventive
Maintenance that allows priorities to be determined.

A preventive maintenance program offers relative flexibil-
ity, but takes time and requires long-term funding.

Rehabilitation and preventive maintenance provide frost
protection and so produce considerable savings. The vulner-
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ability of the secondary network and a small part of the main
network led to turnover losses and additional costs estimated
at more than 30 billion francs ($5 billion) in the exceptionally
hard winter of 1984-1985.

The average preventive maintenance cost for French na-
tional roads is around 36,000 francs per kilometer per year
(about $9,600/mi per year). This figure should be compared
with the savings of about 300,000 francs per km ($80,000/
mi), for the average French traffic volume of 7,800 vehicles
per day, attributable to the difference between vehicle oper-
ating costs on national roads subject to preventive mainte-
nance and secondary roads under curative maintenance.

The French preventive maintenance program has, for 15
years, represented an important means of developing inno-
vations and contributing to road maintenance techniques.

Statistical analysis of preventive maintenance works over
13 years and 11 000 km has highlighted the good condition
of the main road network, thus showing how adequate were
the decisions made for the special problems of the country.

The French preventive maintenance policy should be fol-
lowed in the future with the same determination as in the
past. Present results are favorable but provisional and will
be enriched by results from studies (such as permanent struc-
ture behavior figures) now taking place and the setting up of
a service level follow-up system.

Publication of this paper sponsored by Committee on Pavement Main-
tenance.
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Concrete Pavement Restoration: French
Maintenance Strategy and Load Transfer

Device

P. Guinarp, J. L. Nissoux, AND P. ORrsaT

The development, implementation, and practical performance
of the following maintenance operations, with which France has
had experience, are presented: maintenance of surface rough-
ness, lateral drainage for old pavement, and restoration of load
transfer at joints with connectors. These connectors are steel
cylinders in two half-shells linked together by a steel pin sliding
in a horizontal plane. The connectors are in holes bored ver-
tically across the joint between slabs. The faces of the half-
shells are glued with resin to the concrete on which they bear.
This method has been used to reinforce several sections of
motorways and airport runways in the past 2 years, Measure-
ments made before treatment revealed joint movements of more
than 0.5 mm. The same measurements made following treatment
showed that movements had been reduced and limited to 0.05
mm. This second figure is fully satisfactory because it is cur-
rently accepted that disorders occur when possible movements
are on the order of 0.2 mm and if they exceed 0.7 mm. Numerous
laboratory tests have been performed on the connectors, par-
ticularly to determine their fatigue characteristics.

The maintenance strategy set up in France at the end of the
1970s was presented at the International Conference on Con-
crete Pavement Design and Rehabilitation (I, 2). This strat-
egy was suited to the condition of the network of concrele
pavements in service at that time. Main French motorways
were built at the beginning of the 1960s with plain concrete
pavement over a cement-treated base without dowels and
lateral drainage; this concrete road network received no main-
tenance for many years.

The present maintenance strategy makes use both of main-
tenance methods already used by countries that have net-
works of concrete roads and of original methods developed
in France to attain the objectives set by the French Highway
Department for the safety and maintenance of the national
road network.

The evolution, effectiveness, and functional performance
of operational maintenance methods, including maintenance
of surface roughness and lateral drainage for old pavements,
will be described. The present state of research and a method
of restoring load transfer invented in France will be discussed.

P. Guinard and P. Orsat, Freyssinet Interhational, z.a. des Marais,
28 rue des Osiers, 78310 Coignieres, France. J. L. Nissoux, Labora-
toire Central des Ponts et Chaussées, Centre de Nantes, B.P. 19,
44340 Bouguenais, France.

MAINTENANCE OF SURFACE ROUGHNESS OF
CONCRETE PAVEMENTS

For a number of years, two techniques for restoring the
surface condition of concrete pavement have been widely used
on the French highway network:

1. Longitudinal grooving (grooves 2.4 mm wide, 6 mm
deep, and 25 mm apart) had a number of advantages: higher
coefficient of friction (Figure 1), fewer accidents (a reduction
of about 50 percent in the number of accidents on wet pave-
ment on the privately operated A6 motorway), and a reduc-
tion in tire noise.

Despite these advantages, this technique has been dropped
because ot the unpleasant effects on motorcyclists of pave-
ments so treated, which are only intermittently encountered
by users because of the short length of pavement grooved.

2. A surface dressing was developed for motorway pave-
ments by the Sociéte des Autoroutes Paris Rhin-Rhone and
the Viafrance contracting firm, with the assistance of the
Laboratoire Central des Ponts et Chaussées (LCPC). The
first operational applications date from 1973, and, as expe-
rience has been acquired, a standardized technique has been
developed (Table 1).

To minimize the risk of heaving, which would have es-
pecially grave consequences on motorways, precautions are
taken: preheating of aggregates, dust removal, high-precision
binder and gravel spreading equipment, and finishing by suc-
tion sweepers before the pavement is reopened to traffic. ‘This
work is done by highly specialized contractors and crews.

\‘%/

ungreooved concrete

20 E: concrete with longitudinal
grooves P.K.
0 s r—— c— —
22 24 26 28 30 32 33

FIGURE 1 Coefficient of transverse friction measured
by SCRIM.
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TABLE 1 DOUBLE-GRAVELED SINGLE-LAYER
SURFACE DRESSING FOR CONCRETE MOTORWAYS

Proportion
Component (kg/m?)
Bitumen-clastomer binder L5
10/40-mm aggregate 13
4/6-mm aggregate 7

This fully operational technique gives good results on mo-
torways that carry as many as 50,000 vehicles per day. The
curve of evolution of the coefficient of longitudinal friction
as measured by the LCPC skidding resistance test trailer
shows that, up to 106 cycles (total truck traffic), the braking
force coefficient (BFC) at 120 km/hr is better than 0.32
(Figure 2).

There has also been a reduction in the number and gravity
of accidents of as much as 65 percent on wet pavements and
78 percent on icy pavements.

The surface dressings have an average life of 7 years on
truck lanes of heavily traveled motorways. A new surface
dressing of the same formulation (Table 1) applied directly
over the old is sufficient to restore skid resistance.

Transverse grooving of the surface of the concrete slabs
has undeniable advantages in terms of durability, effective-
ness, and the preservation of the specific qualities of rigid
pavements—Ilight color and the absence of a bituminous wear-
ing course.

Furthermore, when one travel lane, generally the truck
lane, of a pavement on which it would be difficult to apply
a surface dressing is rebuilt, the need to maintain the homoge-
neity of the surface properties of the old and rebuilt lanes
dictates mechanical treatment of the old lanes. For this rea
son, the Gailledrat contracting firm has developed a machine
to saw transverse grooves using diamond discs that is better
suited to road work than the cquipment hitherto available.
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BFC
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sur face dressing on concrete
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FIGURE 2 Braking force coefficient versus total
heavy-truck traffic,

0.3 .10° 10

This machine occupies only one lane, has an automatic
advance device, and is guided by a wire. The operating rate
attained on silico-calcareous concrete is 75 m?/hr, which
makes it possible to treat 500 m of lane per day in three
shifts.

The Laboratoire Central des Ponts et Chaussées has de-
signed and developed a noncontact measurement device
(laser); its accuracy, coupled with modern signal processing
techniques, provides statistical information about the geo-
metric properties of the grooves that is quite representative
of the actual condition of the pavement.

LATERAL DRAINAGE FOR OLD PAVEMENT

The water trap that characterizes old pavements is well
known, and varivus allempts to control this phenomenon
have been described (Figures 3 and 4) (3, 4).

The data given in Table 2 indicate that shallow drainage
trenches can be valuable, provided the pavements are still in

TABLE 2 ASSESSMENT OF 6 YEARS OF FRENCH EXPERIENCE

Old Pavement in Good
Condition?

Type of Drainage

Old Damaged?®
Pavement with
Subbase

Littie or not

Erodible Erodible

Lateral drainage

Yes, shallow drainage

Possible No

trench against slab and

drain

Reconstruction of shoulder
with nondraining trench

Deep, distant-draining
trench

Yes, if shoulder is
damaged: greater
faulting on shoulder
side¢, danger to mo-
torist, pavement al-
ready deteriorating

To be used only for special cases of external water
penetration (after special study)

2 Limited slab deflection and faulting, subbase little or not erodible.

b Slab deflection or faulting.

¢ Greater slab deflection on the shoulder side is a sure sign that the fines responsible for

deflection come primarily from the shoulder.
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FIGURE 3 Solutions to water trap on old pavements: shallow pervious trenches with and without geotextile (A6,
A25, and A9 expressways in France).

good condition and not liable to change (discharge of fines
by drainage, especially if subbase erodibility may be involved).

If drainage by means of pervious trenches is not possible,
it is preferable to reconstruct the shoulder and provide im-
pervious shallow trenches (Figure 4). This solution reduces
water penetration and thus eliminates pumping pit damage
and improves motorcycle safety. An allowance of 25 mm X
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25 mm (1 in. by 1 in.) for the placement of a joint product
can lead to some damage. It is also possible to provide a sawn
and filled joint 8 mm (0.32 in.) wide and about 30 mm (1.2

in.) deep.

The risk of destabilization, which may require the provision
of drainage on old pavements, reached its worst point when
deeper drainage structures at the edge of the slabs, cutting



38

TRANSPORTATION RESEARCH RECORD 1183

Reconstruction of shoulder edge in nondraining cement concrete with longitudinat
«joint reserve » between pavement and shoulder.
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FIGURE 4 Shallow impervious trench (A6 expressway in

France).

through the subbase, were used (Figure 5). Gulden (5) dis-
cusses the particle-size modifications that could be associated
with the waterborne fines effect. Not only is it possible fo
remove fines from the slab-subbase interface, it is also possible
to remove them from under the subbases and from the
subgrade (Table 3).

This ties in with notions about filter materials and stability
criteria with respect to environments (soils to be drained and
orifices receiving drainage pipes).

Verhée and Griselin (3) show that, to fully understand the
hydraulic phenomena and in particular the risk of removal
of fines, thorough experiments are necessary to check the
efficiency of the structures (Table 4). As illustrated by Gulden
(5) and brought out by these experiments, the use of geotex-
tiles can limit the removal of fines, but it increases drainage
time. Observations are lacking on possible clogging caused
by ultrafines (< 80 mm) with time. Such clogging may occur
during dry periods or between rains. Note, however, that the
pressurizing of water under the slabs should allow dynamic
leaching, which is not the case with pure gravity drainage.
The experiments already carried out could provide some val-
uable in situ verifications.

When precautions are taken, the immediate hydraulic ef-
ficiency of draining trenches can be easily verified by dis-
appearance of pumping effects, measures of flows at trench
outfalls, and disappearance of blasts of cloudy water through
road joints (6).

It is not certain that the same is true for road structures
that are more delicate. A possible method of determining this
is to compare the rapidity with which cracks increase with
accumulated traffic on both drained and undrained sections.
This method has been applied to new roads built in France
before and after 1976 (7). The lack of systematic observations
of old concrete roads that have had drainage trenches added
does not allow any conclusion to be reached so far. A pro-
visional estimation might show a reduction in the rapidity of
degradation as evidenced by the extra traffic carried in com-
parison with a noncured road, which can be estimated at 4
X 106 trucks or about 5 years of use.

Figure 6 shows Henry’s curves of slab cracking rates for
different slab structures with and without lateral drainage.

Design for bases A.C. shoulder P.P.C.J
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Example 1 studied in USA (Georgia)
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#.subgrade containing line elements . Pavement degradation was accelerated
by this system which «drained » the fines from the subgrade 10 the outs
de of the pavement { A6 Expressway }.

Example 2 studied in France

FIGURE 5 Dangerous drainage structures on old
pavements: deep drain cutting the subbase.
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TABLE 3 GRADATION OF DRAINAGE STONE AFTER 3 YEARS OF SERVICE (I-85

Troup County)

Percentage Passing at Depth from Top of Pavement of

Sieve Size 4 in. 7 in. 10 in. 14 in. 17 in. 19 in.
% in. 100 100 100 100 100 100
1% in. 89.6 83.3 92.2 94.4 94.4 94.4
% in. 41.3 32.7 44.8 52.9 59.0 68.4
No. 4 8.0 6.5 9.2 9.0 23.0 46.8
No. 10 3.6 4.4 7.5 6.2 21.1 433
No. 16 25 3.8 6.9 5.8 20.7 41.4
No. 40 1.3 3.1 5.9 5.1 19.5 32.2
No. 60 0.9 2.0 3.9 35 13.3 17.7
No. 100 0.5 0.7 1.6 1.9 6.0 5.3

These curves are functions of cumulative truck traffic. On
old pavements with cement-treated subbases and without
drainage (Curves 1 and 2), it can be noted that there is a
first period of normal and slow progression in the number
of cracked slabs and a second period of faster, or critical,
progression that corresponds to more or less marked pump-
ing, deflection, and faulting defects that increase with fatigue
of the material. On pavement with lateral drainage placed
after a few years of service (Curve 3), the critical progression
phase is ended by the placement of trenches, after which the
progression in the number of cracked slabs resembles that of
the first phase. Because the sections represented by Curves
1 and 3 are neither on the same road nor in the same area,
this tentative evaluation of the positive effect of drainage
needs to be verified in situ.

RESTORATION OF LOAD TRANSFER WITH SLAB
CONNECTORS

Pumping, faulting, stepping, and failures of plain concrete
pavements without dowels are well known and have been

TABLE 4 DISCHARGE OF FINES BY DRAINAGE
STRUCTURES: OVERALL RESULTS OBTAINED ON
INSTRUMENTED SECTIONS

Without With
Nonwoven Nonwoven
Filter Filter On Old
Fabric? Fabric? Pavement?
Amount of water drained
per rainfall (%) 47 20 69¢
Average response time
(min) 14 20 16
Average duration of drain-
age after rainfall (hr) 7 8 3
Concentration of suspended
matter (mg/L) 220 200 1000¢
Fines extracted annually
(g/m) 67 26 449

2 Shallow, pervious trenches.

b Deep, pervious trench.

¢Very poor sealing.

4 Large cavities under slabs favor water accumulation.
¢ Very erodible subbase.

described by several researchers since the end of the 1960s
(8-10). French and U.S. analyses show that the restoration
of load transfer is a good alternative to other rehabilitation
techniques such as reconstruction or overlays (2, /0-13). Such
restoration is generally done in conjunction with the addition
of shallow drainage trenches when this last repair is com-
patible with the state of the old pavement.

In cooperation with the Laboratoire Central des Ponts et
Chaussées (LCPC), the Service d’Etudes Techniques des
Routes et Autoroutes (SETRA), and the Services Techniques
de I’Aeroport de Paris, Freyssinet International has designed
and developed a repair system that meets the following cri-
teria:

e Transfer of load from one slab to another provided
entirely by the repair work; for example, four units of 3 t
each per 3.5-m-wide road lane (standard axle load is 13 t);

e Reduction of the “step” from several millimeters to
several tenths of a millimeter;

o Execution of repair work in all weather, especially in
winter to take advantage of maximum slab shrinkage;

e Rapid construction to reduce traffic interruption; and

e Reduced repair costs compared with other methods.

Principle of the Freyssinet Connector

The solution involves drilling in the slab, over the width of
the lane, vertical holes astride the crack but not completely
through the slab and sealing them with connectors. The con-
nectors take up the shear forces caused by the passage of
vehicles by preventing vertical movements and allow longi-
tudinal movements created by thermal changes. The connec-
tor consists of

o Two hollowed-out symmetrical half-shell castings [Part
(a) of Figure 7];

e A flat, thick metal plate that slides freely within the
housing formed by the half-shells [Part (b) of Figure 7];

e An elastomer lining placed between the two half-shells,
which makes it possible to ensure watertightness and to retain
the grease within the cells of the shells; the lining also provides
a minimum permanent keying force [Part (c¢) of Figure 7];
and
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traffic.

e Gluing, which retains the dowels in the holes (Figures
7 and 8).

Placing the Connectors
Motorway repair is done on one lane at a time while traffic

is diverted to the adjacent lane. Placement is divided into
three operations carried out by separate machines:

{;O"\
o

(a) (c) {a)
FIGURE 7 Exploded view of
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Cumutlative truck traffic x 10°
as a function of cumulative truck

1. Simultaneous drilling of four holes on the axis of the
shrinkage joint,

2. Simultaneous placement at the bottom of each hole of
predetermined quantities of sealing resin followed by insertion
of the connectors, and

3. Completion of the upper watertight seal by the place-
ment of a flexible bituminous product.

For a dual-lane highway, four connectors are placed on
the truck lane (13-t standard axle load); 30 connectors spaced

(a) = scmi-shell casting

(b) = steel pin

(c) = rubber-spring

connector.
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FIGURE 8 Cross section of connector. Results are given in Table 5 and shown in Figure 10.
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TABLE 5 GAP FATIGUE TEST RESULTS

Vertical
Load Frequency No. of Displacements
(kN) (Hz) Cycles (1072 mm)
36 3.0 1,000,000 6
60 2.1 1,500,000 14
90 21 300,000 16

Fatigue Test of Gluing

The test apparatus shown in Figure 11 makes it possible to
observe the performance of the gluing of the connector to
the concrete at the joint (Table 6). A piston that applies
increasing force acts on the glued connector. The relative
dowel-concrete movement is measured, and the test is carried
out until failure of the fixing.

Watertightness Test

This test is carried out to check the functioning of the me-
chanical key under various climatic conditions.

Dynamic Test

Tests under alternating loads are being conducted in the
LCPC at Nantes; Figure 12 shows how two concrete slabs
simulate a transverse joint in plain concrete pavement without
dowels. A connector is placed in this joint as previously
described. One slab is immobilized, and the other is alter-
nately loaded to produce thc same stresses that would be
produced by a truck axle crossing a transverse joint. Table
6 gives the first results of these tests.
It is assumed that the fatigue diagram equation is

o",
_ = A(N[)_b
oy
A \
press body N // ‘
v %_l
displacement gage
(in 1/100 of mm.) \\\\\\~
bonding resin
e © 1l
@
o PO :
conneclor ,,—/045:‘_
__,/
concrete block
(with connetor
initialy sealed)

FIGURE 10 Fatigue test of connector bonding.
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TABLE 6 DYNAMIC TEST RESULTS

Vertical
Frequency Movement
Load (kN) (Hz) No. of Cycles (1072 mm)
100¢ 15 Variable up to 3.5 avg
2.5 X 108
15 to 45 15 From 1.5 X 10¢  From 10 to 40°
to 1.7 X 106

2 Test of gluing between connector and concrete; load was simulta-
neously applied on the two shells (Figure 11).
b At the end of the dynamic test of the whole device (Figure 12).

where
constant value;

Ni = number of loads (or stress) applied, the value
of which is o;
1 = load (or stress) of one cycle (static breaking
value);
b = slope of fatigue diagram; and
Sb and S = standard deviation of b and o}, respectively.

Values of oy and b can be determined in order to make the
results of this test coherent with those specific to connector
concrete gluing.

J
| ‘ = 1}
jack 1 \lF-.Q: fornus,
]
p==5
load applied on one semi-shell L:J
|
7
i
displacement gage 4/1 f:‘ g
- i i
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-1
ggg}-shell supported by press- k H_l

H
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]
i t
|L jack 2 1
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FIGURE 11 Fatigue test of connector with alternate loads.
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Until there are results from the tests now being performed,
this calculation requires numerous hypotheses. For instance,
the values of o} and b can be adjusted so that either variability
of the slope of the fatigue diagram (Hypothesis A) or vari-
ability of static breaking values (Hypothesis B) explains the
dispersion of results. Hypothesis A is that the fatigue diagram
equation is

Loy A(Ni)~®+x-b)
o

Hypothesis B is that the the fatigue diagram equation is

o .
—_— . = A(Ni)?
oy, + xSo )
The values given in Table 7 are obtained if 4 is set equal to
one.

The relation between laboratory fatigue test results and in
situ values has to be established.

EXPERIMENTAL SITES

To date, Freyssinet International has installed several thou-
sand dowels on roads and airport runways, among which the
following may be mentioned:

e The A6 Motorway (Pouilly-Avallon-Nemours),
e The A43 Motorway (Dullin Tunnel),

e The A8 Motorway (Antibes Toll Road),

e The A10 Motorway (C6),

o The A4 Motorway,

e The A6 Motorway (south of Paris), and

e Charles de Gaulle Airport at Roissy.

Certain motorway areas and airport taxi tracks have been
used as test sites for checking the actual performance of the
connectors under traffic. These checks have been carried out
by the Regional Laboratory of the Ponts et Chaussées at
Autun and the Laboratory of Eastern Paris at Trappes.
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TABLE 7 VALUES OBTAINED WHEN 4 = 1

Hypothesis A Hypothesis B

Testing of Connector-Concrete Gluing Only

Test 1
= 10 ¢ 12t
= 1/20.1 1/16
Test 2
= 10t 10.6 t
= 1/17.3 1/16
Testing of Whole Device
Test 1
= 10t 9t
= 1/14 1/16
Test 2
1= 10t 9.7t
= 1/15.4 1/16

The same measurement principle was applied both before
the dowels were placed and after varying periods in use.
Comparison of the measurements, for the majority of the
joints, revealed that

e Vertical movement is limited to a very low value and
o Interlocking of the slabs is perfect, which indicates most
satisfactory performance.

For example, the following results have been obtained:

e A6 Motorway: in the Nemours area 178 of 190 joints
checked in the central lane had step values of less than 0.05
mm. In the Avallon area 153 of 155 joints checked in the
truck lane had step values of less than 0.05 mm.

¢ A10 Motorway: For the 53 joints checked in the truck
lane, measurements were, on average, reduced by 50 percent;
the percentage of nonlocked joints was zero, whereas it was
42 percent before work was carried out (Table 8 and Figure
13).

TABLE 8 HIGHWAY A10—EXAMPLES OF RECORDS BEFORE AND AFTER
CONNECTING FOR TREATED SECTION AND REFERENCE SECTION

(average values)

Connected Section (average
value from 53 joints recorded)

Reference Section Without
Connectors (31 joints)

Displacement” Noninterlocking Displacement? Noninterlocking
(1072 m) Joints (%) (1072 m) Joints (%)
Measures of reference before 13.6 42 13:6 36
connecting
Measures after connecting (ex- 8 0 13.1 36
ternal temperature 7°C, tem-
perature gradient 0°C)
Measures after connecting (ex- 6.3 0 12.2 36

ternal temperature 7.5°C,
temperature gradient 1°C)

9 Average values of displacements before and after connecting.
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1:10/100 mm

FIGURE 13 Typical diagram of behavior of adjacent slab edges before and after connecting (horizontal axes of

references have been shifted for clarity).

e Charles de Gaulle Airport at Roissy: The vertical
displacements of three joints tested on the taxiway were 0.03
mm after 1 year as opposed to 0.50 mm before the work was
done.

CONCLUSIONS

The surface dressing developed for maintenance of concrete
pavement surface roughness reduces the number and gravity
of accidents as much as 65 percent on wet pavements and
78 percent on icy pavements.

Shallow drainage trenches immediately produce hydraulic
efficacy and positive structural effects depending on the state
of degradation of the pavement. However, it is difficult to
show the latter effect.

At present, measurements carried out in situ show that the
Freyssinet International connector carries loads efficiently
from one slab to the other and has excellent resistance to
fatigue and corrosion. Relative displacements between two
adjacent slabs are substantially reduced, and pumping effects
are stopped. The resistance of connectors to corrosion is quite
satisfactory; moreover, a test sample that was exposed in a
very aggressive atmosphere during a long period of time did
not show any evidence of corrosion.

Installing connectors is quite easy even though particular
care must be taken to locate the hole to be bored astride the
slab joint to be repaired. Installation using existing placement

equipment on a heavy movable support should allow the
treatment of approximately 1 km of road per day.

Because of the particular design of the connector, which
totally fills the hole bored for it, there is no risk of breaking
or cracking of any added material.

Similar connectors, with the same diameters but different
lengths, are used for both roads and airport runways and can
be placed with the same equipment. A comparable model,
specialized for industrial slabbings, is under development.

The reinforcement of damaged concrete roads with con-
nectors is cost saving because of the simple design of parts
used and the way they are placed.
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Restoration of Joint Load Transfer

MicHAEL J. RerTer, MicHAEL I. DARTER, AND SAMUEL H. CARPENTER

Load transfer at joints and cracks in concrete pavements greatly
affects faulting, cracking, and spalling, The restoration of load
transfer has been attempted recently by several highway agen-
cies. The results of field performance studies of 369 restored
Jjoints and cracks located in 9 states are presented. Four retrofit
load transfer devices were evaluated: round steel dowels, double-
vee shear devices (without precompression or grooving), figure-
cight devices, and minature I-beam devices. Extensive field and
office data were collected and analyzed. Models were developed
to predict the relative performance of the devices. Results in-
dicate that the round steel dowel bar did the best job of reducing
faulting, and it showed no device or matrix failure. Additional
research is under way to provide improved performance data.
A recommended retrofit dowel design for joints and cracks is
provided.

Many jointed concrete pavements have been constructed with
no mechanical load transfer devices across joints (e.g., no
dowels), and significant faulting has occurred on some of
these pavements. Many others have dowels, but they have
become loose and faulting has developed. In addition, many
transverse cracks have become working cracks and developed
faulting and spalling due to poor load transfer.

In an effort to extend the life of in-service concrete pave-
ments that exhibit poor load transfer, highway agencies have
begun to use various devices to restore joint or crack load
transfer to an acceptable level to prevent further faulting and
spalling and reduce deflections and pumping. Even if asphalt
concrete overlays are placed, poor load transfer leads to rapid
deterioration of transverse joint reflection cracks.

This study deals with the field performance of four load
transfer restoration devices. The effectiveness of these devices
has been evaluated in terms of the amount of faulting asso-
ciated with the rehabilitated joints and cracks, and failure of
the device or bonding matrix.

The overall goal of this study is to improve the design and
construction of load transfer restoration devices. Four load
transfer devices are evaluated:

o Retrofit conventional round steel dowels placed in slots
(4, 2)

e Double-vee shear devices marketed by Dayton Superior
Corporation (I, 2);

o Figure-eight devices, used in a Georgia project, that
were originally experimented with in France (3); and

e Miniature I-beam devices used in New York (4).

Department of Civil Engineering, University of Illinois, Urbana, IlI.
61801.

DATA BASE AND DATA COLLECTION

The load transfer restoration data base incorporates design,
construction, and performance variables for 13 uniform sec-
tions. These variables are in addition to the original pavement
design, traffic, and climatic variables summarized by Reiter
et al. (5). Figure 1 shows these load transfer restoration var-
iables. In addition to monitoring the performance of the de-
vice itself, some measure of joint and sealant distress was also
recorded. Also, faulting measurements were taken at 369
restored joints or cracks, and device performance ratings were
taken on 1,525 individual devices.

General Description of Project

Thirteen uniform sections were located in nine states: Col-
orado, Georgia, Illinois, Louisiana, New York, Ohio, Okla-
homa, Pennsylvania, and Virginia. These uniform sections
were broken into 20 sample units that were up to 1,000 ft
(305 m) long, where possible (Figure 2).

Load Transfer Restoration Design Variation

Load transfer restoration devices were placed and evaluated
at five different locations in the pavement:

¢ Regular contraction joints at 15- to 100-ft (4.6- to 30.5-
m) joint spacings (predominant location),

e Full-depth repair approach joints,

o Full-depth repair leave joints,

o Pressure relief joints, and

e Transverse cracks.

The devices were mainly placed in the outer traffic lane;
however, some were installed in the inner traffic lane as well.
From one to eight devices were installe