Paving and Surface Treatments

Pavements and surface treatments are used to provide a roadway wearing surface and to
protect the underlying material from moisture. Both concrete and asphalt mixes are used
to construct pavements. Because of their plastic nature, asphalt pavements are often re-
ferred to as flexible pavements in contrast to concrete pavements, which are identified as
rigid pavements. Surface treatments, on the other hand, are produced by applying liquid
asphalt or some other bituminous material to a roadway surface, with or without the addi-
tion of aggregate. The construction of concrete and asphalt pavements and asphalt surface
treatments is described in the following sections.

8-1 CONCRETE PAVING

Form-Riding Equipment

The frequent use of concrete for paving highways and airfields has led to the development
of specialized concrete paving equipment. While slipform pavers that do not require the use
of forms are becoming increasingly popular, paving is still accomplished using metal forms
to retain the plastic concrete while it is placed and finished. Since much of this equipment
is designed to ride on the concrete forms, the equipment is often referred to as form-riding
equipment. The pieces of equipment used to perform the operations of mixing, placing, fin-
ishing, and curing are often referred to as a paving train, because they travel together in
series along the roadway.

Standard metal paving forms are 10 ft (3 m) long and 8 to 12 in. (20 to 30 cm) in height.
Metal pins are driven into the ground through holes in the form, and the form ends are locked
together to hold them in alignment. Form-riding subgraders similar to the grade excavator
described in Chapter 5 are available to bring the pavement subgrade or base to precise ele-
vation before concrete is poured. Concrete is placed within the forms by a paving mixer or
by truck mixers. A form-riding concrete spreader is used to spread, strike off, and consoli-
date the concrete. Combination placer/spreader units equipped with conveyor belts are avail-
able which are capable of operating with either form-riding or slipform paving equipment.
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Finishing follows concrete placing and spreading. Form-riding equipment often in-
cludes both a transverse and a longitudinal finisher. The transverse finisher is used to bring
the surface to final elevation and provide initial finishing. The longitudinal finisher pro-
vides final machine finishing. Hand finishing may follow, employing a form-riding finish-
ing bridge to permit workers to reach the entire surface of the pavement. Finishers may be
followed by an automatic curing machine equipped with a power spray that applies curing
compound.

When constructing large slabs and decks, concrete may be placed by chutes, buckets,
or side discharge conveyors. Mechanical finishing may be supplied by roller finishers,
oscillating strike-off finishers, large power floats, or other types of finishers.

Slipform Paving

A slipform paver is capable of spreading, consolidating, and finishing a concrete slab without
the use of conventional forms. The concrete develops sufficient strength to be self-supporting
by the time it leaves the paver, as shown in Figure 8—1. Since the paver’s tracks completely
span the pavement slab, reinforcing steel may be placed ahead of the paver. Typical slipform
pavers are capable of placing slabs up to 10 in. (25.4 cm) thick and 24 ft (7.3 m) wide at speeds

Figure 8-1 Large slipform paver in operation. (Courtesy of Terex Roadbuilding.)
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Figure 8-2 Slipform paver for
curbs and gutters. (Courtesy of
GOMACO Corporation)

up to 20 ft/min (6 m/min). Other paving equipment, such as tube finishers and curing ma-
chines, may be used in conjunction with a slipform paver.

Small slipform pavers such as the one shown in Figure 8-2 are widely used for pour-
ing curbs and gutters. Some machines are combination grade trimmers and pavers, capable
of both preparing the subgrade and placing the curb and gutter. Slipform pavers have placed
over 1 mi (1.6 km) of curb and gutter per day, although typical production is about one-half
of that amount. Small slipform pavers are also capable of constructing sidewalks, highway
median barriers (Figure 8-3), and similar structures.

Concrete saws equipped with diamond or abrasive blades are often used to cut joints
in concrete slabs to control shrinkage cracking. The depth of control joints should be about
one-fourth of the slab thickness, but not less than the maximum size of the aggregate used.
Sawing should be done when the concrete is still green but has hardened sufficiently to pro-
duce a clean cut. This is usually 6 to 30 h after the concrete has been placed.

Roller Compacted Concrete

Roller compacted concrete (RCC) is a relatively new form of concrete construction. First
used in the early 1970s for the construction of concrete dams, its use has spread to pavements



218

CHAPTER 8

= al

I Y

P - e i . 2
. - g
- r d
- -

4 2 ~
- . 1
e R X .'.I L) _"':

u
W, g

A T P SR

%4 [ =L

Figure 8-3 Slipform paver placing median barrier. (Reprinted Courtesy of
Caterpillar Inc.)

and other structures. Basically the process involves dumping and spreading zero-slump con-
crete onto a prepared base and then compacting the mixture with vibratory or rubber-tired
rollers. The construction technique has the advantages of speed, economy, and simplicity. In
one case of dam construction, it has been reported that the cost using RCC construction was
only about one-third that of conventional concrete construction.

In pavement construction, modified asphalt pavers or concrete placer-spreader units
can be used to place the RCC in the desired thickness. Compaction of the RCC should take
place as soon as possible but not more than 10 min after placing. Vibratory rollers are com-
monly used for primary compaction. This is often followed by a heavy pneumatic roller to
help seal surface cracks and joints. A light smooth-wheel static roller may be employed for
final rolling to provide surface smoothing. The rolling pattern commonly used for RCC is
similar to that described in Section 8-2 for asphalt pavements. However, when an adjacent
lane is to be placed before the first lane has hardened, it is suggested that an uncompacted
strip about 1 ft (300 mm) wide be left on the adjoining side until the adjacent lane is placed.
After the adjacent lane is placed, the strip and joint between the lanes is compacted. Before
placing a cold joint, the edge of the existing pavement should be cut off to form a vertical
surface. Continuous moist curing by ponding, water spray, or a wet mat is suggested for the
first 24 h, followed by a curing membrane spray.
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8-2 ASPHALT PAVING AND SURFACE TREATMENTS

The properties of bituminous materials (asphalt and tar), the production of hot-mix asphalt
(HMA), and some safety precautions to be observed in handling bituminous materials were
described in Section 7-3.

The Bituminous Distributor

The bituminous or asphalt distributor illustrated in Figure 8—4 is used to apply liquid bitu-
minous materials. It is utilized in almost all types of bituminous construction. The rate of
liquid bituminous application is expressed in gallons per square yard (liters per square me-
ter). The rate at which the bituminous material is applied by a distributor depends on spray
bar length, travel speed, and pump output. Spray bar length may range from 4 ft (1.2 m) to
24 £t (7.3 m). Travel speed is measured by a bitumeter calibrated in feet per minute (meters
per minute). Pump output is measured by a pump tachometer calibrated in gallons per
minute (liter per minute). Since standard asphalt volume is measured at a temperature of
60°F (15.5° C), a volumetric correction factor must be applied to convert asphalt volume at
other temperatures to the standard volume (see Table 8-1).

For a particular spray bar length, the road speed (bitumeter reading), and pump out-
put (tachometer reading) needed to obtain a specified application rate can be found in the
tachometer chart supplied by the distributor manufacturer. If a tachometer chart is not avail-
able, the necessary road speed can be found by using Equation 8-1.
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Figure 8-4 Bituminous distributor components. (Courtesy of The Asphalt Institute)
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Table 8-1 Volumetric correction factor for asphalt”

Temperature
To Obtain Standard Volume,
°F °C Multiply Measured Volume by:
60 16 1.0000
80 27 0.9931
100 38 0.9862
120 49 0.9792
140 60 0.9724
160 71 0.9657
180 82 0.9590
200 93 0.9523
220 104 0.9458
240 116 0.9392
260 127 0.9328
280 138 0.9264
300 149 0.9201
320 160 0.9138
340 171 0.9076

"Specific gravity above 0.966. Applicable to all grades of asphalt cement and liquid asphalt grades
250, 800, and 3000.

where S = road speed (ft/min or m/min)
P = pump output (gal/min or €/min)
W = spray bar width (ft or m)
R = application rate (gal/sq yd or £/m?)

Bituminous Surface Treatments

Bituminous surface treatments are used to bond old and new surfaces, to seal and rejuve-
nate old pavements, or to provide a fresh waterproofing and wearing surface. A wide vari-
ety of bituminous surface treatments are available, including prime coats, tack coats, dust
palliatives, seal coats, single-pass surface treatments, and multiple-pass surface treatments.

A prime coat is a coating of light bituminous material applied to a porous unpaved
surface. The purpose of the prime coat is to seal the existing surface and to provide a bond
between the existing surface and the new bituminous surface. Bituminous materials com-
monly used for prime coats include RT-1, RT-2, RT-3, RC-70, RC-250, MC-30, MC-70,
MC-250, SC-20, and SC-250. The usual rate of bituminous application varies from 0.25 to
0.50 gal/yd* (1.1 to 2.3 ¢/m?). All liquid bituminous should be absorbed within 24 h and it
should cure in about 48 h.

Atack coat is a thin coating of light bituminous material applied to a previously paved
surface to act as a bonding agent. Bituminous materials commonly used for tack coats in-
clude RC-70, RC-250, RS-1, RS-2, RT-7, RT-8, and RT-9. The usual rate of application is
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0.1 gal/yd (0.45 €/m®) or less. The tack coat must be allowed to cure to a tacky condition
before the new surfacing layer is placed.

A dust palliative is a substance applied to an unpaved surface to reduce the amount of
dust produced by vehicular traffic and wind. Bituminous dust palliatives are designed to
penetrate and bond particles in the unpaved surface and provide some waterproofing. Bitu-
minous materials commonly employed include MC-30, MC-70, and diluted slow-setting
emulsions. Other agents used as dust palliatives include water, acrylic copolymer, pine resin,
magnesium chloride, calcium chloridem, lignosulfonate, and petroleum resins. While water
is effective in reducing dust, under very dry conditions it must be applied almost continu-
ously. The other agents previously named are usually effective for 30 d or more.

A fog seal is a light application of a slow-setting asphalt emulsion diluted by 1 to 3
parts of water. It is used to seal small cracks and voids and to rejuvenate old asphalt sur-
faces. The usual application rate is 0.1 to 0.2 gal/yd” (0.4 to 0.9 ¢/m?).

An emulsion slurry seal is composed of a mixture of slow-setting asphalt emulsion,
fine aggregate, mineral filler, and water. Usual mixtures contain by weight 20 to 25%
asphalt emulsion, 50 to 65% fine aggregate, 3 to 10% mineral filler, and 10 to 15% water.
The slurry is placed in a layer % in. (0.6 cm) or less in thickness using hand-operated
squeegees, spreader boxes, or slurry seal machines.

A sand seal is composed of a light application of a medium-viscosity liquid asphalt
covered with fine aggregates. Bituminous materials commonly used include RT-7, RT-8,
RT-9, RC-250, RC-800, MC-250, MC-800, RS-1, and SS-1. The rate of application varies
from 0.10 to 0.15 gal/yd® (0.45 to 0.68 €/m?). Fine aggregate is applied at a rate of 10 to
15 Ib/yd® (5.4 to 8.1 kg/m?).

Single- and Multiple-Pass Surface Treatments

Single-pass and multiple-pass surface treatments, sometimes called aggregate surface treat-
ments, are made up of alternate applications of asphalt and aggregate. Aggregate surface
treatments are used to waterproof a roadway and to provide an improved wearing surface.
Such surface treatments are widely used because they require a minimum of time, equip-
ment, and material. They also lend themselves to stage construction; that is, successive ap-
plications are repeated over a period of time to produce a higher level of roadway surface.

A single-pass surface treatment is constructed by spraying on a layer of asphalt and
covering it with a layer of aggregate approximately one stone in depth. Hence the thickness
of the finished surface is approximately equal to the maximum diameter of the aggregate
used. A typical single surface treatment consists of 25 to 30 Ib/yd* (13 to 16 kg/m?) of %-in.
(1.3-cm) or smaller aggregate covering 0.25 to 0.30 gal/yd* (1.1 to 1.4 £/m?) of binder. The
type and quantity of binder selected will depend on ambient temperature, aggregate ab-
sorbency, and aggregate size.

The sequence of operations involved in placing a single surface treatment is as follows:

1. Sweep the existing surface.
2. Apply prime coat and cure, if required.

3. Apply binder at the specified rate.
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4. Apply aggregate at the specified rate.
5. Roll the surface.

6. Sweep again to remove loose stone.

Rotary power brooms are most often used for cleaning the existing surface, but blow-
ers or water sprays may be used. The prime coat and binder are applied with an asphalt dis-
tributor. Spreading of aggregate must follow immediately after binder application. Since
binder temperature has been found to drop to ambient surface temperature in about 2 min,
every effort must be made to apply aggregate within 2 min after binder application. Major
types of aggregate spreaders, including whirl spreaders, vane spreaders, hopper spreaders,
and self-propelled spreaders, operate in conjunction with dump trucks. Spreaders must ap-
ply aggregate uniformly and at the specified rate. After the application of aggregate the sur-
face is rolled to embed the aggregate in the binder and to interlock aggregate particles. Either
pneumatic or steel wheel rollers may be used for compaction, but pneumatic rollers are pre-
ferred because they produce less bridging action and their contact pressure can be easily var-
ied to prevent aggregate crushing. After compaction, the surface is again swept to remove
loose stone that might cause damage when thrown by fast vehicles.

Multiple-pass surface treatments consist of two or more single surface treatments
placed on top of each other. The construction sequence is the same as that shown above ex-
cept that steps 3 to 5 are repeated as required. Thus a double surface treatment consists of
two binder/aggregate layers, a triple surface treatment consists of three binder/aggregate
layers, and so on. The maximum size of aggregate used in each layer should be about one-
half the size used in the underlying layer.

Asphalt Paving

The principal types of asphalt pavements include penetration macadam and pavements con-
structed from road mixes and plant mixes. Paving mixes may be either hot mixes or cold
mixes. Hot mixes are used in producing high-type pavements for major highways and air-
fields. Cold mixes are employed primarily for roadway patching but may also be used for
paving secondary roads.

Penetration macadam, while usually classified as a pavement, is constructed using
equipment and procedures very similar to those employed for constructing aggregate sur-
face treatments. Penetration macadam may be used as a base as well as a pavement. To con-
struct penetration macadam, a single layer of coarse aggregate, which may be 4 in. (10 cm)
or more in thickness, is placed. This layer is then compacted and interlocked by rolling
with a pneumatic or steel wheel roller. Binder is then applied followed immediately by an
application of an intermediate size aggregate (“key” aggregate). The pavement is then
rolled again to compact the key stone and force it into the binder. Another application of
binder and smaller key stone may follow. The surface is swept after completion of rolling.

Road mixes or mixed-in-place construction are produced by mixing binder with ag-
gregate directly on the roadway. This mix is then spread and compacted to form a pave-
ment. Road mixes may be produced by motor graders, rotary mixers, or travel plants. To
produce a road mix using the motor grader, aggregate is spread along the roadway and
binder is applied by a distributor. The materials are then mixed by moving them laterally
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grader, spread to the required depth, and compacted. Rotary mixers use a pulverizing rotor
and a spray bar to mix aggregate and binder in one operation. Travel plants pick up aggre-
gate from a windrow on the roadway, mix it with binder, and deposit the mix back on the
roadway or into a finishing machine. Problems often encountered in mixed-in-place con-
struction include difficulty in obtaining aggregate moisture control, lack of uniformity in
the mix, and difficulty in obtaining uniform spreading of the mix. As a result, the quality of
road mixes is generally substantially inferior to that of plant mixes.

Hot- and Cold-Mix Asphalt Paving

Hot-mix asphalt (HMA) pavement is considered the highest form of asphalt pavement. It
is suitable for use on airport runways, as well as highways and streets. Since they require
no curing, hot-mix asphalt pavements may be put in use as soon as the pavement has cooled
to the ambient temperature. After compaction and cooling, such pavements are very stable
and resist damage caused by moisture or frost. Cold-mix pavements are constructed in gen-
erally the same way as are hot-mix pavements. Cold mixes have certain advantages in that
they can be transported long distances, stockpiled if necessary, and used only in the quan-
tity needed. However, they have the disadvantages of requiring curing, having low initial
stability, and being difficult to compact adequately in cold weather. Since hot mixes pre-
dominate in flexible pavement construction, only their construction will be described here.

Hot-mix paving operations involve the delivery of the asphalt mix, spreading of the
mix, and compacting the mix. Spreading and initial compaction of the mix is accomplished
by the asphalt paver or finishing machine shown in Figure 8-5. In operation, the paver en-
gages the material supply truck, couples the two units together, and pushes the truck as the
mix is unloaded and the pavement placed. The two principal parts of an asphalt paver are
the tractor unit and the screed unit. The tractor unit propels the paver, pushes the dump truck
delivering the mix, and pulls the screed unit. The screed unit strikes off the mix at the proper
elevation and provides initial compaction to the mix. Pavers can be fed by a material trans-
fer vehicle as shown in Figure 8—6. The mobile transfer vehicle serves as a transfer bin,
which separates the delivery truck from the paver. The transfer vehicle permits continuous
paving by providing an uninterrupted delivery of mix to the paver. Most pavers provide an
automatic control system which uses a laser, fixed stringline, ski, shoe, or traveling string-
line as an elevation reference to automatically control the screed elevation.

Towed pavers are also available for use on small paving jobs. Another type of paver
is the shoulder paver. This is a small paver with a maximum paving width of about 10 ft
(3.1 m), which is used for paving highway shoulders or for widening existing pavements.
These machines are available as attachments for motor graders or self-propelled machines.
Items to be checked during paver operation include grade and tolerance of the finished
surface, appearance and temperature of the mix, weight of mix applied per square yard
(meter), and average thickness of mix actually obtained.

Hot mix asphalt paving requires large quantities of asphalt mix per hour. For exam-
ple, an asphalt paver laying a 3-in. (76-mm)-thick pavement 12 ft (3.6 m) wide at a speed
of 50 ft/min (15.2 m/min) requires 600 ton/h (544 t/h) of hot mix. Thus, storage, handling,
and hauling of the plant mix must be carefully planned and controlled. The use of insulated
tanks such as shown in Figure 87 for storing the hot mix at the job site may be necessary
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Figure 8-5 Asphalt paving machine in operation. (Courtesy of Cedarapids, Inc.)

when hauling capacity is limited or uncertain because of traffic conditions or other uncer-
tainties. Insulated and heated trucks are also available for hot-mix hauling.

Compacting or rolling of the mix should begin immediately after it is placed by the
paver. The usual sequence of rolling involves breakdown rolling, intermediate rolling, and
final or finish rolling. Vibratory steel wheel rollers are now frequently used for rolling as-
phalt pavements as shown in Figure 8-8. Joints (transverse and longitudinal) and the outside
pavement edge should be rolled before the remainder of the pavement is rolled. Static steel
wheel or vibratory rollers are commonly used for breakdown rolling. Steel wheel rollers hav-
ing a single-drive wheel should roll with the drive wheel forward, particularly during initial
rolling, to prevent displacement of the mix. Pneumatic-tired rollers are often used for inter-
mediate rolling because they provide a more uniform contact pressure than do steel wheel
rollers, and they improve the amount of surface sealing obtained during rolling. Two-axle or
three-axle tandem steel wheel rollers are commonly used for finish rolling. However, two-
drum vibratory rollers are increasingly being employed for all phases of rolling.

The temperature of the asphalt mat can be critical with some asphalt mixes. Rutting or
shoving may result from rolling a mix that is too hot, whereas rolling a mix that is too cool
may result in ineffective compaction.

It is important to determine whether the required density has been obtained in the com-
pacted pavement. Rapid measurement of pavement density can be made with a nuclear
density device, nonnuclear density gauge, or an equipment-mounted measuring system as
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Figure 8-6 Material transfer vehicle feeding an asphalt paver. (Courtesy of
Roadtec, Inc.)

described in Section 5—1. Many of these devices also measure the temperature of the asphalt
pavement to insure that rolling is taking place at the optimum temperature.

Before rolling operations are begun, carefully check the condition of the rollers. Items
to be checked during rolling include the adequacy of compaction, surface smoothness, the
use of proper rolling patterns and procedures, and the condition of joints and edges.

Superpave™

Concerned about accelerated failure of asphalt pavements under growing traffic loads on
the interstate highway system, the U.S. Congress authorized a Strategic Highway Research
Program (SHRP). Research and tests under this program have led to a new asphalt pavement



Figure 8-7 Hot mix
asphalt storage bins.
(Courtesy of Terex
Roadbuilding)

Figure 8-8 Rolling an asphalt pavement with vibratory roller. (Courtesy of
BOMAG [USA])
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design and construction system known as Superpave™. This system differs from conven-
tional hot mix asphalt pavement construction in that it employs stiffer asphalt mixes with
lower asphalt content, uses smaller, less rounded crushed aggregate, and utilizes asphalt op-
timized for local climatic conditions.

Contractors have experienced problems in achieving the specified compaction of
Superpave™ mixes because of the stiffness of the mix, particularly when employing a
polymer-modified binder. Three surface temperature zones have been identified in an HMA
pavement mat: an upper temperature zone between laydown temperature and 240° F
(116° C), an intermediate zone between 240 and 190° F (116-88° C), and a lower zone be-
tween 190 and 160° F (88-71° C). A “tender mix” which displaces or shoves under com-
paction has been found to exist at certain mix temperatures. This temperature is usually in
the intermediate temperature zone. The mix is usually stable under compaction in either the
upper or lower temperature zones. Thus, breakdown rolling should be completed before the
surface temperature of the mat falls below 250° F (121° C), intermediate rolling should be
completed before the surface temperature reaches 210° F (99° C), and finish rolling should
be completed before the surface temperature falls below 175° F (79° C). Using a lift thick-
ness of four times the maximum nominal aggregate size will make it easier to achieve the
required density without employing an excessively high mix temperature.

Several different roller compaction schemes have been successfully employed on
Superpave™ pavements. Using only two double-drum vibratory rollers operating in eche-
lon (almost side-by-side) in the upper temperature zone have sometimes been sufficient to
provide the required compaction. Another scheme uses one double-drum vibratory roller
operating in the upper temperature zone, followed by a rubber-tired roller operating in the
middle temperature zone, and a static steel-wheeled roller operating in the lower tempera-
ture zone. For very stiff mixes containing high levels of polymer, pneumatic rollers have
been used for breakdown rolling, followed closely by a double-drum vibratory roller. No
finish rolling was required with this combination.

8-3 PAVEMENT REPAIR AND REHABILITATION

Concern over the declining condition of the U.S. highway system has caused the U.S.
Federal-Aid Highway Act to expand the definition of highway construction to include resur-
facing, restoration, rehabilitation, and reconstruction. Within the transportation industry,
these categories of work are often identified as 4R construction. The use of pavement man-
agement systems to maintain pavements in satisfactory condition at the lowest possible cost
is becoming widespread. Such computer-based systems require continuing data collection
and evaluation to permit a timely decision on the maintenance strategy to be employed.
Resurfacing may involve surface treatments or overlays of asphalt or concrete.
Restoration and rehabilitation are broad terms that include any of the work required to re-
turn the highway to an acceptable condition. One technique that has grown in popularity is
the mechanical removal of the upper portion of the pavement by planing or milling fol-
lowed by a new pavement overlay. Often, the material removed is recycled and used as a
portion of the aggregate for the new overlay. In addition to reducing cost, recycling reduces
the demand for new aggregate sources as well as the problems associated with disposal of
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the old material. Restoration or rehabilitation may also require that subgrades or base
courses (Section 5-3) be strengthened by soil stabilization or drainage improvements.
Reconstruction refers to complete removal of the old pavement structure and construction
of a new pavement.

Bridge management systems are also being developed to improve bridge life and
lower costs by optimum bridge maintenance. Bridge decks often require resurfacing or re-
construction as a result of the corrosion of the concrete reinforcing steel due to salt pene-
tration into the concrete. The use of epoxy-coated reinforcing steel, chemical sealing of the
pavement surface, and the use of chemical additives in the concrete mix all show promise
in reducing deterioration of bridge decks.

The need to repair concrete highway pavements usually requires the closure of one or
more traffic lanes. Since the cost of traffic delays often exceeds the actual cost of
repair, increased interest is being paid to the use of rapid-hardening materials which permit
the pavement to be reopened to traffic within a few hours instead of several days. To meet
this demand, a number of material manufacturers are producing prepackaged, rapid-
hardening concrete. Some of these materials can produce a concrete compressive strength
as great as 3000 psi (20,685 kPa) within 1 h. Asphalt pavements repaired with hot-mix
materials can be reopened as soon as the mix has cooled sufficiently so that it is not rutted
by traffic.

Work zone safety, or the prevention of accidents while traffic is maintained during
highway repair, is receiving increasing attention from contractors, highway officials, and
the Occupational Safety and Health Administration (OSHA). See Chapter 19 for additional
information on construction safety.

Recycling of Pavements

In recent years there has been a significant increase in the recycling of pavements.
Recycling consists of the demolition of old pavement, recrushing of the pavement material,
and reusing it in new asphalt or concrete mixes. In addition to saving energy and sometimes
scarce aggregate, recycling reduces the volume of waste which must go into landfills or
other disposal areas.

Old concrete pavements are commonly broken up by hydraulic hammers and loaded
into haul units for transporting to a recycling plant. Here reinforcing steel is removed and
the concrete recrushed for reuse as aggregate.

Asphalt pavements are most often removed by milling, cold planing, or profiling as
shown in Figure 8-9 and loaded into haul units for processing in a recycling plant.
A portable recycled asphalt crushing plant is shown in Figure 8-10.

The specifications for the use of reclaimed asphalt pavement (RAP) in hot-mix as-
phalt (HMA) paving show a wide variation among the various U.S. states as indicated in
the following list.

Maximum allowable RAP content:
Base course: 15 to 100%
Binder course:  None to 100%
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Figure 8-9 Pavement profiler removing old asphalt pavement. (Courtesy of CMI
Terex Corporation)

Surface course: None to 70%
Maximum size of RAP: 1 to 2 in. (25-51 mm)
Allow blended stockpile of RAP: some states
Recycling agent allowed:
Asphalt concrete only: all states
A/C plus additives: some states
Another way in which old asphalt pavements are recycled is illustrated in Figure 8—11.
Here old asphalt is removed by a planer, resized, mixed with a rejuvenating agent, and de-
posited in a windrow ready for placing as a cold-mix pavement.
Milling, cold planing, or profiling can also be used to remove only the upper portion

of an existing asphalt or concrete pavement. This provides a smooth, sound base for the
placement of a new surface course.
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Figure 8-10 Portable recycled asphalt crushing plant. (Courtesy of Kolberg
Pioneer, Inc., and Johnson Crushers International)

Figure 8-11 Traveling asphalt recycling plant. (Courtesy of Caterpillar Inc.)
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PROBLEMS

1. Find the asphalt application rate obtained if the volume of asphalt used (standard con-
ditions) was 700 gal (2650 ), asphalt temperature was 200° F (93° C), the spray bar
length was 18 ft (5.5 m), and the length of road section sprayed was 1000 ft (305 m).

2. Why have asphalt emulsions largely replaced asphalt cutbacks in road construction and
maintenance work in recent years?

3. How does a slipform paver produce the desired concrete shape without the use of
forms?

4. Identify the three surface temperature zones encountered when compacting an HMA
pavement. In which of these zones are compaction problems likely to occur?

5. Find the bituminous distributor pump output required to obtain an application rate of
0.2 gal/sq yd (0.91 €/m?), when the spray bar length is 20 ft (6.1 m) and road speed is
450 ft/min (137.3 m/min).

6. Briefly explain the rolling sequence for a hot-mix asphalt (HMA) pavement.

7. What methods are available for rapidly determining the density of a compacted HMA
pavement?

8. Describe the major steps in the recycling of an asphalt pavement. What are the princi-
pal advantages and disadvantages of recycling such pavements?

9. Explain the difference between a tack coat and a prime coat.

10. Develop a computer program to determine the actual rate of application (standard con-
ditions) of a bituminous distributor. Input should include tank readings before and after
application, the asphalt temperature, the length of the spray bar, and the length of road-
way treated.
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