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FOREWORD

This publication has been prepared to
assist engineers in design and construction
procedures for the use of asphalt in hydrau-
lic structures. Much of the technology in
this field has been made available oanly in
conference proceedings, papers, miscella-
neous articles, or by a few engineers. This
manual presents general principles and
examples of construction based on various
publications and experiences.

The principal difference between this
edition and the first edition, published in
1961, is the organization of the material.
It also includes some significant projects
or innovations that have come about since
the first edition appeared. Finally,
certain examples in the first edition no
longer merit emphasis and have been deleted.

The use of asphalt in hydraulic struc-
tures has expanded widely during the past
40 years and is expected to continue as new
materials and techniques are proven in
service, particularly in attempts to pre-
vent pollution of water supplies. This
manual must be considered as a compilation
of presently available knowledge in the use
of asphalt. Future revisions will be
published as necessary to keep pace with
the continuing development of technology in
this field.

THE ASPHALT INSTITUTE
ASPHALT INSTITUTE BUILDING
COLLEGE PARK, MARYLAND 20740
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PART I:

GENERAL PRINCIPLES



FIGURE I-1. Upper reservoir of the Ludington, Michigan,
pumped-storage project; (photo courtesy Civil Engineering-

ASCE)



CHAPTER |
EARLY HISTORY AND CURRENT TERMINOLOGY

1.01 EARLY HISTORY AND BACKGROUND--
Recent archeological excavations in Mesopo-
tamia and in the Indus Valley show that
asphalt was used as a waterproofing layer
for temple baths and water tanks nearly
5,000 years ago. About 1300 B. C., Mesopo-
tamians built a levee along the banks of the
Tigris River at Assur with limestone blocks
mortared with asphalt mastic and faced with
bricks bonded and waterproofed with asphalt
mastic (see Figure I-2). In the sixth
century, B. C., Sennacharib, king of Assyria,
built a canal 80 km (50 miles) long with
limestone blocks and asphalt mastic to bring
water to his capital. He constructed weirs,
transformed a gorge into a reservoir,
erected aqueducts, and lined the canal. The
fact that some of these structures are still
in existence attests to the strength and
durability of asphalt.

Burnt bricks in bitumen mortar

Bitumen-gravel-sand-clay mixiure \ * Quarry stone

{
/

|«— Later construction —>|<«—— Older embankment. ———|

FIGURE I-2. Construction of the Tigris
Embankment at Assur (1300 B.C.).

Our present concern, however, is with
developments of the past four decades,
during which there has been progressive
expansion in the use of asphalt for the
control, conservation and storage of water.
This period has seen development of proven
procedures for the use of asphalt in revet-
ments, linings for canals and reservoirs,
heavy facings for dams, in grouting, and in
other hydraulic structures. It is certain
that asphalt usage will continue to expand
as technology in this field advances.

This technology must keep pace with the
growing importance of:

* Water conservation, to meet the
increasing demand on existing water
supplies.

* Pollution control, to prevent waste-
laden waters from contaminating
streams and groundwater supplies.

* Irrigation, to open up new lands for
cultivation.

+ Flood control, to protect lives and
investments in personal property and
industry.

* Beach erosion control, to preserve
beaches and protect waterfront
property.

1.02 TERMS RELATING TO ASPHALT AND ITS
USES IN HYDRAULIC STRUCTURES--

A. ASPHALTIC MATERIALS

Asphalt Cement--Asphalt that is refined
to meet specifications for paving, indus-
trial, or special purposes.

For many years asphalt cement has been
graded on the basis of the penetration test,
an empirical measure of consistency.
Recently, however, the penetration grading
of asphalt cements has been replaced by the
more fundamental viscosity grading.

Two systems of viscosity grading are
currently used. The AC system is based on
the viscosity of the original asphalt cement.
The AR system, used mostly in the Pacific
Coast states of the United States, is based
on the viscosity of the residue of the
asphalt cement after it has been subjected
to hardening conditions approximating those
occurring in normal hot-mix plant operations.

The relationships between the various
grading systems are shown in Figure I-3.

For purposes of this publication, unless
describing a particular project, the AC-
grading system is used. TFigure I-3 should




facilitate conversion, if necessary, to the
locally-specified asphalt cement.

Asphalt Conerete, Hydraulic Type--
Similar to asphalt concrete for roadway
paving, except, to ensure an essentially
voidless mix after compaction, higher
mineral filler and asphalt contents are
used.

Asphalt Facing—-An asphalt surface
designed to resist erosion, abrasion, water
pressure, and in some instances, ice pres-
sure. A facing may, in addition, also act
as an impermeable layer to prevent leakage
through the structure. It may also be
termed an asphalt lining or asphalt revet-
ment (see below).

Asphalt Grout--A mixture of asphalt,
sand, and mineral filler which, when heated
and mixed, will flow into place without
mechanical manipulation.

It is used to bind together a layer of
coarse stone of more or less uniform size.

It may also be termed asphalt mastic (see
below).

Asphalt Injection--A pressurized sub-
surface application of asphaltic material.
Usually, injections are made for the pur-
pose of filling subsurface cavities or
crevices in the foundation soil, or voids
beneath an existing pavement layer, primarily
for controlling water seepage.

Asphalt Lining--That part of a hydraulic
structure that functions as a durable, ero-
sion-resistant surface. Usually, its most
important function is as a waterproof
barrier holding water or other liquid inside
the structure.

Asphalt Mastic--A mixture of mineral
aggregate, mineral filler and asphalt in
such proportions that the mix can be applied
hot by pouring or by mechanical manipula-
tion; it forms a voidless mass without being
compacted.

~
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FIGURE I-3. Comparison of Penetration Grades and Viscosity Grades of
Asphalt Cement (based on RTFOT Residue for AR-Grades and Pen.-Grades; TFOT
Residue for AC-Grades).
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Asphalt Mattress, Slab--Terms, according
to size, denoting prefabricated flexible
units composed of an asphalt mastic mixture
reinforced with mesh, netting, lines, or
cables as required.

Asphalt Membrane--A relatively thin layer
of asphalt formed by spraying a high visco-
sity, high softening point asphalt cement in
two or more applications over the surface to
be covered. It is normally about 6 mm (1/4
in.) thick, and is used for waterproofing
or sealing. It is buried to protect it
from weathering and physical damage.

Asphalt Mat--A felt or fabric sheet
impregnated or coated with asphalt to form
a watertight lining or membrane usually
6 mm (1/4 in.) or less in thickness. It
may be a sheet that is first installed in
place with the asphalt applied following
installation, or it may be a finished
material that is watertight and ready for
installation.

Asphalt Revetment--A protective asphalt
facing on a sloped surface, usually placed
for the purpose of protecting an embankment
from erosion. Revetments may or may not
extend all the way to either the toe or
crest of the sloped embankment. The term
subaqueous refers to that part of a revet-
ment placed under the surface of the water.
Upper bank paving is that portion placed
above the surface of the water.

Impermeable Asphalt Mixes—-Asphalt mixes
having low voids, (usually less than 4
percent) after installation, designed to
prevent the passage of water.

Porous Asphalt Mixes--Asphalt mixes that
permit the free flow of water through the
mix. Porous asphalt mixes are divided into
two general classifications: permeable
asphalt mixes and open-graded asphalt mixes
(see below).

Permeable Asphalt Mixes--Asphalt mixes
having medium voids after installationm,
designed to permit the free passage of water
through the lining to and from the supporting
layer or embankment.

Open~Graded Asphalt Mixes--Asphalt mixes
having high voids, designed to provide a

free drainage layer underneath an impermeable
lining.

Prefabricated Asphalt Panels--A layer of
a very dense mixture of asphalt and filler

sandwiched between two layers of some tough,
asphalt-impregnated material and usually
coated with waterproofing asphalt.

B. HYDRAULIC STRUCTURES

Breakwater--A structure protecting a
shore area, harbor, anchorage, or basin
from waves.

Canal--A water-course cut through a
land area and used for either navigation
or irrigation.

Catchment Basin--A large, very shallow
reservoir-like area designed to collect
rain water. It usually discharges the
collected water into a storage tank or
reservoir.

Causeway--A raised road across wet or
marshy ground or across water.

Cavitation~-The rapid formation and
collapse of vapor pockets in flowing water
in regions of very low pressure. It can
cause structural damage to hydraulic
linings.

Channel--A natural or artificial water-
way that either periodically or continuously
contains moving water, or that forms a
connecting link between two bodies of water.

Dam-~An artificial barrier of earth,
rock, masonry, or other material across a
channel to impound water or to obstruct its
flow.

Dike~-A wall or mound built around an
area to impound water or to prevent flooding.
If used to protect from flooding, it is
usually termed a Zevee (see below).

Embankment—--An artificial bank, mound,
or dike built for a specific purpose, such
as to hold back water, or to carry a roadway.

Groin--A shore-protective structure
extending out from and perpendicular to the
shoreline to trap littoral drift or retard
shore erosion.

Jetty--A pier or structure of stone,
rubble, or the like, projecting into the sea
or other body of water to protect a harbor,
or to influence water currents or tides.

Lateral--A small branch canal leading



off a main canal, usually for irrigating
local areas.

Levee~-A dike or embankment to protect
a land area from flooding.

Pond--A body of still water smaller than
a lake.

Reservoir--A place where water is
collected and stored for future uses such
as supplying a community, irrigating land,
or furnishing power.

Riprap--A layer, facing, or protective
mound of stones, randomly placed to prevent
erosion, scour, or sloughing of a structure
or embankment. It may also mean the stones
so used.

-3

FIGURE II-1.

Sanitary Landfill--An area of land
designed for the disposal of refuse in
accordance with sound engineering methods
whereby the refuse is confined to the
smallest practical area, reduced to the
smallest possible volume, and covered with
earth periodically.

Seawall--A structure separating land and
water areas, primarily designed to prevent
erosion and other damage by wave action.

Sewage Lagoon--A large, shallow reservoir
or pond for the treatment of sewage or indus-
trial waste. Treatment is accomplished by
natural biological (aerobic) processes that
require oxygen and sunlight.

San Joaquin Reservoir, Orange County,

California,



CHAPTER 1l
CONSIDERATIONS FOR USING ASPHALT

A. ASPHALT MATERTIALS FOR
HYDRAULIC STRUCTURES

2.01 PROPERTIES OF ASPHALT MATERIALS--
Asphalt has many properties that make it
particularly suitable for use in hydraulic
structures.

It is versatile in form and application.
Asphalt can be used alone (as in an asphalt
membrane), or it can be mixed with other
materials producing mixes for a variety of
purposes. It can be combined with graded
aggregate to form a voidless and impermeable
mix. On the other hand, it can be combined
with an open-graded aggregate to form a
porous mixture allowing free passage of
water.

Asphalt is stable in the presence of
nearly all chemically-laden substances.

It is normally unaffected by the usual con-
centrations of acid, salt, and other waste
solutions. This important characteristic
makes it useful for waterproofing reservoirs.
However, since asphalt is refined from
petroleum, other petroleum-based products
(which are solvents of asphalt) cannot be
stored in asphalt-lined structures.

An important property of asphalt is its
flexibility. This allows asphalt structures
to conform to slight irregularities in the
subgrade, and to adjust to small differen-
tial settlements that inevitably occur after
the completion of a structure.

Asphalt is inert in the presence of
water, to which it imparts neither taste
nor odor. In order to ensure complete
acceptability, health officials have made
many tests of the hygienic qualities of
drinking water stored in asphalt~lined
structures. In all casés, the asphalt
lining has received unqualified approval.

Asphalt's durability, underscored by the
existence of some ancient structures con-
structed with asphalt, is quite high. It
weathers only at the surface, and then only
when exposed to sunlight or oxygen, or when
it is subjected to physical attack such as
extensive abrasion.

The physical properties of asphalt mixes
are generally dependent upon stress condi-
tions and temperature. The ingredients that
comprise asphalt mixes have completely
different characteristics. The mineral
aggregate that makes up the major portion of
the mix is mainly elastic. The asphalt
portion, on the other hand, behaves as a
viscous liquid at high temperatures or when
subjected to sustained loads, and as an
elastic material at low temperatures and
under impact load; consequently, asphalt
mixtures have both plastic and elastic
properties.

2.02 TYPES OF ASPHALT MATERIALS AND
THEIR FUNCTIONS--There are many types of
asphaltic materials used in hydraulic appli-
cations. Each type can be classified in one
of the following distinct categories:

Impermeable asphalt mixes

Porous asphalt mixes

Asphalt mastics

Asphalt cement

Prefabricated asphalt materials.
These materials can be used in various forms
to perform one or more of the following
functions:

To waterproof a structure
To protect a structure
To reinforce a structure.

Table II-1 shows how each type of asphalt
material may be used to perform these various
functions.

2.03 ASPHALT FOR WATERPROOFING~--

Impermeable Mixes--The most common way
of using asphalt to make a hydraulic struc-
ture watertight is to pave the surface with
asphalt concrete which, when compacted,
forms an impermeable lining. Asphalt mixes
used for this purpose are generally similar
to those used for roadway paving, and are
prepared in an asphalt mixing plant.
Standard roadway construction equipment is
usually modified for this type of paving.
In many instances, however, special paving
equipment has been devised.




TABLE II-1
APPLICATION FORMS OF ASPHALTIC MATERTALS
FOR HYDRAULIC STRUCTURES

Function
Material#*
Waterproof Protect Reinforce
Impermeable Surface or exposed Surface or exposed
Asphalt Mixes linings linings
Porous Permeable surface
Asphalt Mixes linings,
Open-graded subsurface
drainage layers
Asphalt Mastics Surface linings, Surface linings, Grouting,
Seal coats, Seal coats Penetration
Cutoff walls, treatments
Dam cores,
Subsurface injection
Asphalt Cement Membranes, Grouting,
Seal Coats Penetration
Subsurface pressure treatments
injections
Prefabricated Panels, Panels,
Asphalt Materials Sheets, Mattresses,
Mattresses, Slabs
Slabs

* Specific details of the design, preparation, and installation of the asphalt

materials are described in Chapter ITI.

Mastics--Asphalt mastics have also been
used for constructing watertight linings,
particularly in Europe and Africa. Asphalt
mastics require little or no compaction
after placing since the void spaces in the
aggregate matrix are filled or slightly
overfilled with asphalt. Asphalt mastics
are generally screeded on asphalt linings
in order to further waterproof the lining
surface.

An underground cutoff wall consisting
of an asphalt mastic constitutes an excel-
lent watertight barrier. The mastic is
sufficiently flexible to withstand some

underground movement without cracking. Dams

having an internal core of asphalt mastic
have been successfully used in Europe. They
have been constructed in instances where a
watertight lining on the upstream face was
not economically feasible and, in some cases,
when suitable clay was unavailable or
otherwise impractical to use for this
purpose.

Asphalt Cement--High softening point
asphalt cement is often used to form an
asphalt membrane. It is sprayed directly
on the prepared ground surface to be pro-
tected. Asphalt membranes are usually
covered with a layer of a suitable soil to




protect them against damage. The soil also
serves as a surcharge to prevent displace-
ment of the membrane by waves or water
currents.

Seal coats of asphalt cement are some-
times used to seal the surface pores of
linings to ensure watertightness. Another
way in which asphalt is used for sealing is
by dumping an emulsified asphalt into
impounded water. As the water seeps into
the soil, the asphalt clogs the surface
pores and retards further leakage. In the
United States this practice has only been
tried experimentally to seal small canals
or laterals,

Another way in which asphalt is used for
waterproofing is pressure injection. Loss
of water through underground fissures and
cavities has been significantly reduced or
eliminated by employing this technique. The
asphalt, injected under high pressure, fills
the cavities and fissures obstructing the
flow of water. Both asphalt cement and
emulsified asphalt, combined with mineral
filler, have been used for this purpose.

The principles of application are similar

to those used by highway maintenance crews
in undersealing operations. Asphalt mastics
can also be designed for this purpose.

Prefabricated Materials--Prefabricated
asphalt materials provide a relatively
simple means of waterproofing a hydraulic
structure. The most widely used lining
material in this category is the prefabri-
cated asphalt panel. 1t is composed of a
layer of mineral matter and fibers mixed
with asphalt sandwiched between two asphalt-
impregnated layers. When installed, the
panels are bound together tightly to form
a completely watertight lining.

Prefabricated asphalt mats are similar
in most respects to the panels, except that
they are not as thick and therefore more
flexible. However, they will not normally
withstand the physical abuse that panels
can endure.

Prefabricated asphalt mattresses and
slabs are molded or precast layers of
asphalt mastic generally reinforced with a
wire or fabric net or even with cables to
facilitate moving them into place without
damage. These types of asphalt linings
have been used to waterproof some European
structures in much the same way as pre-
fabricated asphalt panels are used.

2.04 ASPHALT FOR PROTECTION--Asphalt
can be used effectively in two ways to
protect a hydraulic structure. It can (1)
protect a soil embankment from erosion by

waves or stream currents, and (2) provide

a porous layer to drain off groundwater
seepage to prevent damage to the watertight
lining from hydrostatic pressures.

Impermeable mixes--Linings of impermeable
asphalt mixes consisting of well-graded
aggregates provide an erosion-resistant,
durable surface. Even when the waterproofing
of an embankment is not required, impermeable
asphalt revetments or facings resist scouring,
weed growth, and other forms of potential
physical damage.

Mastics--Asphalt mastics have been used
extensively for surface linings in Europe,
and have also been placed underwater to
prevent scouring of the bottom of streams
and inlets by water currents and tides.
European engineers frequently use asphalt
mastic seal coats to give added protection
from abrasion to impermeable asphalt linings.
Asphalt mastics provide a smooth surface
that is highly resistant to the abrasive
action of water, and also to mud or algae
curl along the water line.

Porous Mixes--There are two types of
porous mixes: permeable and open-graded.
Permeable asphalt mixes are used to line
reservoirs that are made watertight by
compacted layers of earth. The asphalt
linings protect the earth embankment from
erosion and at the same time permit the free
flow of water through the lining, thereby
eliminating the danger of hydrostatic uplift
pressures developing under the lining.
Open-graded mixes are used to provide
drainage layers beneath watertight linings.
Drainage layers are designed to dispose of
any seepage or leakage that may occur in the
watertight lining. They are also used to
drain away groundwater seepage that would
otherwise build up hydrostatic uplift pres-
sures underneath the watertight lining.
Open-graded mixes, in addition to providing
a subsurface drainage layer, add to the
stability and overall strength of the lining.

Prefabricated Materials--Asphalt
mattresses were developed in the United
States principally for protecting stream
banks from erosion. They have been used
extensively in Europe and in Japan. Asphalt
slabs have been developed for bank protec~
tion, and prefabricated asphalt panels may
also be used for this purpose in certain
situations.




2.05 ASPHALT FOR REINFORCING--

Mastiec Mixes--Asphalt provides a means
of reinforcing a stone structure or layer by
binding the stones together to increase
their resistance to displacement by water.

A layer of stone such as riprap for bank
protection frequently is grouted with an
asphalt mastic mix. This binds the stone
together, and is also used to level the
surface of the stone layer.

Asphalt mastic mixes have also been
effectively used as a grouting material in
the construction and repair of stone jetties.
Because the mixes retain heat even during
underwater placement, the asphalt mastic
flows into and fills cavities between the
stones. Stone jetties grouted with asphalt
mastics are monolithic structures that are
much more resistant to the damaging forces
of waves than ungrouted structures. Jetties
grouted with asphalt also reduce or eliminate
the flow of drift sand through the jetty
itself, increasing its effectiveness in
controlling sand migration.

Asphalt Cement--Grouting with asphalt
cement is a simple and economical means of
reinforcing riprap or stone layers covering
an embankment. Construction procedures are
similar to those followed in placing
penetration macadam pavement courses for
roadways. The method has seen more use in
Europe than in the United States. Asphalt=
penetrated, or grouted, stone covers en
embankemnts are for bank protection; they
are not intended as watertight linings.
Although the asphalt or asphalt mastic
fills many of the interstices, enough pores
will remain to permit water to flow through
the protective layer.

2.06 COMPOSITE USE OF ASPHALT
MATERIALS--A composite asphalt structure
consists of layers of different types of
asphalt mixes or materials with each layer
or application performing a particular
function. An example of a composite asphalt
lining is an impermeable asphalt layer
supported by an open-graded asphalt drainage
layer with an asphalt mastic screeded over
the compacted surface. In this case, the
drainage layer serves to drain away any
seepage through the lining or ground water
to prevent damage to the watertight lining.

Composite layers of asphalt materials
may also be employed to take advantage of
economical local materials. An example of
this form of composite construction is an
asphalt revetment for a seawall where an

economical sand asphalt serves as a base
and makes up most of the thickness of the
structure. A proportionately thinner layer
of high-quality asphalt concrete is then
placed on the sand-asphalt base to resist
the damaging erosive and abrasive action

of ocean waves.

B. DESIGN CONSIDERATIONS

2.07 SUBGRADE PREPARATION~-The subgrade
is that portion of the sides and bottom of a
canal, ditch, bank, reservoir, or pond upon
which an asphalt lining is placed. 1Its
preparation involves the same basic steps
for all types of linings. The subgrade
should be thoroughly cleaned of all organic
and loose material. It should be compacted
sufficiently to attain stability, particu-
larly on side slopes, and to sustain loadings
from the construction equipment used to
place and compact the lining. It should be
trimmed before, during, or after compaction
as necessary, to make it smooth and uniform
and to give the completed structure the
required grade and cross-section. It is
often advantageous to slightly under-excavate
(or over-fill) so that there is some excess
material for a final fime trimming after the
subgrade has been compacted.

Certain soil conditions can contribute
to extensive damage to asphalt linings.
Ground water that cannot drain because of
underlying impervious soil layers can exert
sufficient hydrostatic uplift pressure to
lift, crack or pop-out large sections of
the lining. Where such conditions are
likely to occur, preventive steps must be
taken. The soil causing the problem should
be removed to a depth of at least 0.3 m
(1 ft) and replaced with a free-draining
material, If this is not possible, pipe
drains may be needed to place under the
lining to intercept and drain away the
ground water. _

Subgrade soils that swell considerably
when wet can exert pressure sufficient to
damage asphalt linings. Inquiries should
always be made regarding local experience
with such soils. 1In general, they should
be removed to a depth of at least 0.3 m
(1 ft) and replaced with suitable material.
In small structures, where removal and
replacement of soil is not economically
feasible, the subgrade should be compacted
at a moisture content in excess of optimum
in order to minimize adverse swelling pres-
sures. Treatment of the subgrade soil with
a small percentage of hydrated lime to
control swelling may also be considered.



Cohesionless soils, such as sands of
uniform grain size, present an unstable
surface on which to place a lining, espe-
cially on side slopes. The surface of such
a soil should first be stabilized with
cutback or emulsified asphalt so as to
provide a reasonably smooth, firm surface
on which to place the asphalt lining.

2.08 WEED CONTROL--Weeds and other
plants are a potential hazard to linings
when certain favorable growth conditions
exist. These conditions are: (1) subgrade
contaminated with weed seeds or roots of
perennial plants; (2) subgrade moisture
conditions favorable to seed germination or
root growth; and (3) subgrade temperature
that favors growth for appreciable periods.
Absence of any one of these conditions
will prevent vegetation trouble but the
simultaneous occurrence of all three will
result in eruptions of growth through the
average lining. When such conditions are
anticpated, the use of a soil sterilant
is advisable. The soil sterilant should
not be a simple weed-killer but a compound
that attacks roots and seeds and remains
effective for an extended period. There
are many commercial products that will
accomplish these purposes. Most of them
are either chemical compounds or petroleum
derivatives. Where vegetation is present,
the subgrade should be carefully grubbed
before treatment.

In order to further protect against
weed growth, proper rolling procedures for
asphalt linings should be practiced. Small
hairline cracks or fracture planes.could
fevelop from improper rolling or from rolling
on a soft or spongy subgrade.
provide lodging places for seeds, and upon
germination, the roots may penetrate the
lining to the underlying subgrade.

2.09 SLOPES~-Generally, the steepest
slope recommended for the successful placing
and compacting of apshalt mixtures is about
1-1/2:1 (1-1/2 horizontal to 1 vertical).

An asphalt lining on a sloped embankment
does not act as a retaining wall. Instead,
the embankment material supports the asphalt
lining and the steepness of slope is depen-
dent upon the slope stability of the founda-
tion material.

Side slopes should be as flat as is
consistent with other construction require-
ments for the satisfactory placing and
compaction of the lining. Under certain
conditions flatter side slopes can result in
an overall saving in spite of the added
expense of the embankment and increased area

These fissures:

of the lining, because of decreased construc-
tion difficulties.

The top and bottom edges as well as the
ends of an asphalt facing or revetment must

. be designed in such fashion that they will

not be damaged or displaced by wave action,
stream currents, or surface water runoff.

If the lining extends to the top of a

sloped embankment, the paving should continue
at least partially across the crest to pre-
vent surface runoff from seeping into the
subgrade immediately under the lining.

Asphalt paved linings or revetments that
extend to the toe of the sloped embankment
and to an unpaved floor should be designed
to resist any creep stresses that may
develop in the lining. If the floor of the
structure is subject to scouring by waves,
the anchoring of the lining should extend
to a depth equal to twice the depth of the
zone of scour.

If the slope paving joins a paved floor
the toe of the embankment should be curved
so that the paving machine can negotiate a
smooth transition without the need of con-
structing a paving joint at the toe. This
eliminates a possible weakness in the lining
at one of its critical points. If the
embankment toe cannot be curved, a wedge may
be placed and compacted to ensure water-
tightness at the toe.

Where the top or bottom edges of the
asphalt revetment extend neither to the
crest nor to the toe of the embankment,
they should be anchored into the embankment.

.This protects the edges from erosive forces

that may displace the revetment by wave
action or currents. It also prevents surface
runoff from seeping into the embankment
immediately underneath.

If the upstream end of an asphalt facing
is exposed it should be heeled into the
embankment to resist being displaced by
water currents. Some suggested designs are
shown in Figure II-2.

2.10 DRAINAGE--In some instances it
will be necessary to provide a drainage
system to prevent hydrostatic pressure from
lifting an impermeable asphalt lining or
revetment from an embankment. Such damage
can occur in an asphalt-lined channel or
reservoir whenever the water level drops
below the surrounding groundwater table.

An asphalt layer, unless it is porous and
free draining, will be subject to displace-
ment whenever the hydrostatic pressure under
the lining exceeds the downward forces
exerted on and by the lining.

If the soil is permeable, a system of
drain pipes at the bottom of an asphalt-lined
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Designs for top, bottom, and toe of asphalt

paved linings and facings.

slope may be adequate. For less permeable
soils, a drainage layer under the lining in

addition to the‘drain pipes will be required.

An open-graded asphalt drainage layer or a
clean, free-draining granular layer may be
constructed for this purpose. In either
case, a good bond between the drainage layer
and the impermeable lining, especially on
the side slopes, must be ensured.

2.11 THICKNESS--Factors influencing
the required thickness of an asphalt lining
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for a hydraulic structure include:

Impermeability

Wave impact

Stream velocity
Uplift or cavitation.

Asphalt linings 5 cm (2 in.) thick having
4 percent or less voids will generally have
a coefficient of permeability, k, less than
1x 1077 cm/s, which is considered to be
impermeable to water. Paving joints,
however, are often the least waterproof part
of the lining. For this reason, most water-



proof linings are placed in two or more
layers with the paving joints offset. Two

4 em (1-1/2 in.) paved layers generally are
accepted as the minimum thickness of an
asphalt concrete lining for waterproofing a
hydraulic structure. A properly-designed
mix is both impermeable and flexible. It
will conform to settlement of the supporting
embankment resulting from long-term loadings
without cracking.

In order to ensure a firm surface on
which to place the lining, a leveling course
is often recommended. The thickness of this
course is usually limited to that necessary
to support paving and compaction equipment.
In addition to the courses making up the
watertight lining, a final asphalt concrete
surface course with offset paving joints is
frequently placed. This is to further pro-
tect the paving joints in the underlying
watertight course.

Asphalt linings on hydraulic structures
such as seawalls or dikes must be strong
enough to withstand the dynamic forces
generated by breaking waves. Increasing the
thickness of an asphalt lining increases its
strength. A thickness of 20 to 61 cm (8 to
24 in.) may be necessary to resist damage by
wave action on coastal structures. The
asphalt lining may often be constructed with
sand asphalt made from local materials in
all but the top layers for economy of con-
struction. For most reservoirs and bank
revetments, a 7.5~ to 10-cm (3- to 4-in.)
asphalt lining in addition to the thickness
of the leveling course will be sufficient
to resist forces developed by wave actiom.

Water flow (especially at high velo-
cities) in channels can result in localized
low pressure areas in the flow. Uplift
forces resulting from these low pressures
can develop when there is a general distur-
bance of the stream flow, such as a hydraulic
jump (an abrupt rise of water surface).
Also, cavitation, which is generally caused
by water flowing swiftly over an irregular
surface, can result in uplift forces. Unless
a lining is heavy enough to overcome these
uplift forces, portions of it may be lifted
from the subgrade. Linings for channels
with velocities over 2.5 m/s (8 ft/sec)
should be designed with this in mind.
Linings 7.5 to 9 cm (3 to 3-1/2 in.) thick
will usually be sufficient for water velo-
cities up to 4 m/s (12 ft/sec). For
greater velocities, the thickness should
bé at least 10 cm (4 in.).

2.12 ABRASTION--An asphalt lining can
suffer abrasion from sand, gravel, and other
fine particles conveyed over its surface by
moving water. A dense, fine-textured,
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smooth~surfaced asphalt lining can withstand
a great deal of abrasion without damage.
Abrasion resistance can be attained through
the use of quality materials and sound con-
struction practices. In some instances
where an asphalt lining will be subjected
to unusual abrasion or scour, an asphalt
mastic seal is included in the design to
provide added protection for the surface of
the lining. Such a mastic is commonly made
up of asphalt and mineral filler with,
perhaps, a small percentage of asbestos
fibers. It is screeded on to the lining,
and forms a smooth, dense surface.

2.13 COMPACTION--~Adequate compaction
of, asphalt concrete linings is absolutely
necessary if they are to be watertight and
structurally sound. Unlike asphalt pavements
for roads, the asphalt lining will not be
further compacted under traffic after it is
in service. Since the impermeability of an
asphalt lining is dependent on the reduction
of the voids in the mix below a certain
value, it is most important to obtain the
required density at the time of coastruction.

In many cases, rollers compacting asphalt
mixes on slopes will have to be raised and
lowered by cables attached to winching
equipment at the top of the slope. The
motors of the rollers should only be used
to operate the power steering and vibrating
units during the rolling operation. Rollers
operating under their own power are likely
to shove or ripple the pavement layer being
compacted. Careful attention should be
given to the rolling operation to ensure
that transverse hairline cracks do not
develop. These small fractures that form
during improper rolling are not necessarily
healed with succeeding passes of the roller.
They result from the paving surface being
overstressed by the roller. Hairline cracks
not only increase the permeability of the
lining, but decrease its durability, erosion
resistance and structural integrity.

2.14 SURFACE PROTECTION--A layer of
mud deposited on a pavement surface will
shrink as it dries and curl like a leaf.
This can also happen when algae or other
sediments on a surface are allowed to dry.
As these deposits shrink and curl, they can
set up surprisingly large tensile stresses
at the lining surface. A well-designed and
compacted asphalt mix having a tightly
bonded surface will be less susceptible to
deterioration as a result of these stresses.
In cases where surface protection is
necessary, a cement wash has been found to
be effective in preventing damage from
curling. Sprayed asphalt cement seals are
also sometimes used.
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FIGURE III-1. Asphalt hot-mix being lowered to paver on
Homestake Dam, Colorado.
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CHAPTER I
TYPES OF ASPHALT APPLICATIONS

A. TIMPERMEABLE AS?HALT CONCRETE LININGS

3.01 DESCRIPTION--Impermeable asphalt
mixes are manufactured in central mixing
plants where the aggregate, mineral filler,
and asphalt cement are proportioned and
mixed at a temperature of approximately
150°C (300°F). The mix is then hauled to
the paving site where it is spread with
either a mechanical spreader or by hand, and
compacted while still hot. A low void con-
tent mix is required to ensure impermeabi-
lity. Impermeable asphalt mixes are similar
to asphalt mixes for highway paving except
that they usually have higher mineral filler
and asphalt-cement contents. Also a harder,
or more viscous, grade of asphalt cement
normally is used.

3.02 USES--The primary purpose of
impermeable asphalt mixes is to waterproof
hydraulic structures. Watertight linings
are used to impound water in reservoirs,
ponds, and lagoons; to waterproof dams,
dikes, and embankments; and to prevent
seepage losses in canals and channels.
are most often used as surface linings,
since they are resistant to wave action and
the erosive effects of water currents.

Revetments constructed with impermeable
asphalt mixes are used for bank protection

They

on streams, reservoirs, lakes, and shorelines.

Waterproofing properties are not necessarily
required in these instances, but quality
asphalt concrete linings having low voids
effectively resist the destructive effects
of wave and current action as well as their
abrasive effects.

Impermeable asphalt mixes may be used
for the entire lining of the structure.
They may also constitute a portion of a more
complex lining. They can, for example, be
placed as the surface of a composite section
made up of different asphalt layers.

3.03 DESIGN CONSIDERATIONS--There are
certain basic requirements for asphalt mixes
to be used for waterproofing hydraulic
structures. They must be workable while

13

placing, and impermeable, flexible, and
stable in service. To ensure impermeability
(k less than 1 x 10”7 cm/s) the void con-
tent of an asphalt concrete lining should
not exceed 4 percent.

The 1lining will usually be placed on a
sloped surface. Therefore, the mixture
should be quite workable to allow efficient
placement by both mechanical and hand methods.
Normally, the desired compaction must be
achieved using lighter compaction equipment,
especially while operating on the slope.

The lining should be flexible. It must
be able to withstand, without cracking,
long~term loading stresses caused by settle-
ments in the supporting subgrade or founda-~
tion. On the other hand, it must also be
resilient under short-term loadings such as
wave impact.

Increased asphalt content helps to
satisfy the foregoing design requirements.
However, after a certain point, an increase
in asphalt content results in a decrease in
stability. Although this mix need not have
the high stability normally associated with
highway paving mixes, it should be stable
enough to support its own weight on rela-
tively steep slopes while hot. Moreover, it
should not creep after the lining has been
compacted. ‘

3.04 MIX DESIGN--Mix design of imper-
meable asphalt mixes for hydraulic struc-
tures follows the same general principles
established for pavement mixes. Use of the
Marshall Method of mix design is recommended.
However, it is essential that the density of
the compacted laboratory prepared specimens
be comparable to that which can be obtained
in the field. It is suggested that not
more than 35 blows of the compaction hammer
on each end of the specimen be applied,
since the compaction effort on a slope is
considerably lower than that possible on
roadway pavements. European design engineers
suggest that 5-to-15-blow specimens be
prepared for mix design purposes. Other
design considerations described in Article
3.03 should be noted.



The design procedure consists of select—-
ing the grade of asphalt cement, choosing a
suitable aggregate grading, preparing speci-
mens at different asphalt contents, and
making a density-voids analysis for each
sample. The Marshall stability and flow
value are used mostly for comparative
purposes.

Research and experience have shown that
in general, an AC-20 grade asphalt cement
(or equivalent AR- or penetration grade,
see Figure I-3) is preferred for hydraulic
linings. This relatively viscous asphalt
cement produces linings with added resis-
tance to the destructive actiomn of water,
the growth of vegetation, and the extremes
of weather. Linings made with this grade of
asphalt cement are more stable on side slopes
than linings made with the softer grades,
yet they retain sufficient flexibility to
conform to slight deformations of the
subgrade.

The asphalt content will normally range
from 6 to 9 percent, which is somewhat
higher than the asphalt content of average
roadway paving mixes. The asphalt content
is limited, however, by the ability of the
mix to resist flow down the slope at place-
ment temperatures.

The aggregate used should be sound and
have good adhesion characteristics in the
presence of water. When the mix is to be
placed on slopes steeper than 2-1/2:1, at
least a portion of the coarse aggregate
should be angular or crushed. The maximum
aggregate particle size should be limited
to one-third to two-fifths of the finished
thickness of the paving course to ensure
uniform density throughout the layer. For
mineral filler, crushed limestone dust is
generally preferred. However, other inert
mineral dusts having satisfactory perfor-
mance records may be considered. Suggested
mix compositions for asphalt comncrete for
impermeable linings are listed in columns
A, B and C of Table III-1.

As a final check, a test or trial strip
is recommended. It should be placed under
the same conditions as will be experienced
in the field. Careful observation of the
behavior of the designed mix during the
spreading and compacting operation might
indicate slight adjustments in the job-mix
formula that could not be detected in the
laboratory.

3.05 CONSTRUCTION--Hydraulic linings
of asphalt concrete should be prepared and
placed in accordance with established
construction practices. However, some
special aspects of construction are here
mentioned. :
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Asphalt concrete linings are placed on
side slopes, on curved sections, in angles
and corners, and on level surfaces. This
may be done by conventional highway spreaders,
modified pavers or spreaders, spreader boxes,
special slip-form pavers, hand methods, or
some combination of these methods. In most
instances, conventional highway spreaders
are used. They are often modified as
necessary for operating on a slope. Where
side-slope paving and floor paving are
separate operations, experience has shown
that best results are obtained when the
slopes of the reservoir or channel are paved
before the floor.

Spreading on side slopes is usually
performed by conventional highway spreaders
winched up the slope; often they are modi-
fied to facilitate the work. 1In some cases,
especially with large shallow reservoirs,
asphalt mixes are spread with specially-
designed finishers operating on rails within
a steel frame structure up and down the slope.
Also, side slopes of shallow reservoirs have
been paved with the pavers moving along the
slope longitudinally while held with cables
attached to equipment operating on the crest.
This method presents compaction problems,
however, since rollers operating this way
apply non-uniform rolling pressures and the
drum tends to cut into the mix on the down-
slope side.

When a spreader operates up and down the
slope, a sloped ramp at the crest may be
used to permit the paver to pave all the way
to the top. Cable winches attached to the
ramp framework raise and lower the paver on
the slope. Upon completion of a paved strip
with the paver on the ramp, the entire
assembly is then moved over for the next
paving pass.

There are several methods by which the
paver may be supplied with hot mix for slope
paving. Probably the most common one is to
load the paver at the bottom of the slope
with enough mix for one complete trip up the
slope. Another method is to load the paver
at the top of the slope and then lower it
to the bottom for the paving pass. Where
slope distances are too great for paving a
strip without recharging, a front-end
loader with a side-dump bucket has been used
to supply the paver part way up the slope.
Haul trucks can be winched down from the
crest to provide additional mix to the paver.
Cranes have also been successfully used to
supply the paver on the slope.

Light steel-wheeled rollers and vibra-
tory steel-wheeled rollers are often used
for compacting the freshly-spread mix on
the slope. Vibrating, heated ironing screeds



TABLE III-1

MIX COMPOSITIONS FOR FORMED-IN-PLACE ASPHALT LININGS

A B o D E
Sieve Size Percent Passing
25.0 mm (1 in.) 100 100 100
19.0 mm  (3/4 in.) 100 95-100 95-100 93-100
12.5mm (1/2 in.) 100 95-100 —— 85-95 —_——
9.5 mm (3/8 in.) 95-~100 84-94 72-85 — 35-65
4.75 mm (No. 4) 70-84 63-79 53-72 44-56 5-25
2.36 mm (No. 8)° 52-69 46-~65 40-60 30-40 2-15
1.18 mm (No. 16) 38-56 34-53 30-49 Emann 0-7
600 ym  (No. 30) 27-44 25=42 22-39 13-22 0-3
300 ym  (No. 50) 19-33 17-32 16~30 — ——
150 yjm (No. 100) 13-24 12-23 11-22 3-8 ——
75 yum  (No. 200) 8-15 8-15 8-15 1-4 —_—
Asphalt cement#®,
percent by wt. 6.5-9.5 6.5-9.0 6.0-8.5 5.0-6.0 2.0-4.0
of total mix
Mix Type Well-Graded | Well-Graded | Well-Graded Permeable Open-Graded
P (low Voids) | (Low Voids) | (Low Voids) | (Medium Voids) | (High Voids)
Minimum Recom-
mended Compacted 4 cm 5 cm 6 cm 7.5 cm 7.5 cm
Depth (1-1/2 in.) (2 in.) (2-1/2 in.) (3 in.) (3 in.)
Recommended Impermeable | Impermeable Impermeable Permeable Drainage
Usage Surface Surface Surface Surface Layer

*AC~20, or equivalent AR~ or penetration grade,

(hand held, or incorporated in slip-form
pavers) as well as rubber-tired rollers have
. Power winches and cables
are usually required for maneuvering the

also been used

roller up and down the slope.

The rolling

is done independently of the paving, but
it should begin as soon as possible without

interfering with the paver.

The initial

rolling pass is usually made up the slope.

recommended (see Figure I-3).

a tight bond for impermeability.
should be taken with cold joints.

The edge

of the mat to be joined, should be sloped
for the full depth of the layer and coated
with liquid asphalt before the fresh asphalt

mix is placed and compacted.

It is impor-

tant that the exposed mat edge have the

proper slope; approximately 1:1.

Too steep

a slope will permit adequate compaction of

Extra care

Depending on the stability of the mix, the
vibrator may not be desired on the initial
pass but rather on the following coverages.
When the.lining is to be placed in two
or more courses, the paving joints should be
staggered or offset. Emphasis should be on

the fresh mix, but allow a plane of weakness
at the joint to develop. Too shallow a
slope will result in the compaction equipment
being supported by the coarse aggregate
particles and bridging over some of the
finer particles, preventing adequate compac-
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tion of the mix at the joint. Ideally, the
slope should be such that the mix will be
"wedged" down and pressed securely against
the face of the joint, getting proper com-
paction and bond at the interface. Infra-
red joint heaters can also aid in obtaining
bond by preheating and softening the surface
of the joint.

A tack coat is normally required when-
ever an asphalt mix is placed over another
paved surface. For bonding impermeable
asphalt layers together, a tack coat of S5S-1,
$S-1h, CSS-1, or CSS-1h emulsified asphalt
diluted 1:1 with water and applied at a
rate of 0.2 to 0.7 litre/m* (0.05 to 0.15
gal/ydz) over the surface to be paved will
usually be adequate. Tack coats of emul-
sified asphalts should be allowed to cure
fully prior to paving; otherwise moisture
will be trapped between the two layers at
the time of construction.

Tack coats can be critical when used
to bond two impermeable layers together.

An excessive tack coat application combined
with warm temperatures can cause a slippage
plane between two layers on a sloped

surface. On the other hand, unless the

two layers are bonded together so that

there are no voids or pores in the interface,
seepage water from a crack or opened joint
may get between the layers. Should this
happen, hydrostatic pressures can develop
and eventually cause layer separation.

B. POROUS HOT-MIX ASPHALT LININGS

3.06 DESCRIPTION~~Porous asphalt mixes
for hydraulic structures are characterized
by the absence or reduced amount of fine
aggregate or sand in the mix. As a conse-
quence, the asphalt content is also reduced.
The mixes have interconnected pores that
permit passage of water. A harder, or more
viscous, grade of asphalt cement is desirable
in these mixes to allow sufficient film
thickness and to prevent drainage from the
aggregate. This choice of asphalt also
provides additional cohesion in the mix
between the aggregate particles.

3.07 USES--There are two types of porous
asphalt linings: permeable ghd open-graded.
Permeable hot-mix asphalt linings serve as
a cover over an earth embankment to protect
it from erosion by wave action or surface
runoff. Open-graded asphalt linings, with
‘higher void content than the permeable
lining, serve as drainage layers under an
impermeable lining while at the same time
contributing to the structural strength of
the lining. In either case, the purpose is
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to provide free drainage to prevent hydro-
static pressures from buillding up in the
embankment or within the lining itself. As
a surface lining, water is allowed to flow
to and from the embankment through the
lining. As a drainage layer, the subsurface
water should be collected and carried off

by drains.

3.08 MIX DESIGN--The principal pur-
pose of preparing laboratory specimens
for a proposed porous lining is to ensure
that the mix to be used is indeed porous
and will permit water to flow through the
lining.

Typical mix compositions are shown in
Table III-1, columns D and E. The mix shown
in column D is primarily used as an exposed
surface lining while the one in column E
is used as a filter or drainage layer under
a watertight lining. Asphalt cement AC-20,
or equivalent AR- or penetration grade, is
recommended in making up these mixes.

3.09 CONSTRUCTION--Essentially, the
procedures for the placement of permeable
surface lining mixes are the same as for
impermeable asphalt mixes. However, they
are generally placed in one layer 7.5 to
15 em (3 to 6 in.) thick, rather than in
two or more courses.

There is no real effort to obtain density
in open-graded drainage layer courses; the
intent is only to seat firmly the aggregate
particles. Excessive rolling can be harmful
by causing aggregate degradation or by
breaking the asphalt bond between particles,
particularly if the mix temperature is
below 66°C (150°F).

With open-graded asphalt mixes such as
mix composition E, the mix temperature
should not exceed 121°C (250°F) at the plant.
Temperatures higher than this may cause the
asphalt to drain from the aggregate parti-
cles and settle in the bottom of the truck
bed as it is hauled to the paving site. This
problem is not normally encountered with
mixes such as mix composition D.

C. ASPHALT MASTIC MIXES

3.10 DESCRIPTION--Asphalt mastic mixes
for hydraulic structures are essentially
mixtures of mineral aggregate and filler
where the voids in the mineral matrix are
overfilled with asphalt cement. The result
is an asphalt mix that can be applied by
pouring or by hand-floating into place.
Asphalt mastics may be made from a variety
of aggregate materials ranging from well-
graded coarse and fine aggregates and mineral



filler to essentially mineral filler alone
with or without an additive such as asbestos
fibers. The mastic is voidless except for
air bubbles that may be trapped during the
manufacture and placing.

3.11 USES--Asphalt mastics can be used
in several ways to waterproof, protect, or
reinforce a hydraulic structure. For water-
proofing, asphalt mastics have been used for
cutoff walls for dams as well as for the
central core of the dam itself. They are
also used as exposed watertight surface
linings.

Asphalt mastic mixes are erosion resis-
tant. Therefore, they can be exposed to
waves and abrasive water action. They are
also used to form protective covers on
embankments or over the floor of channels
or estuaries that are subject to erosion.

Hot mastic mixes can be placed underwater
through tremies, chutes, or by simply dumping
en masse.
flexible slabs or mattresses that are lifted
into place to form a protective blanket or
cover.

For reinforcing, asphalt mastics are used
as grouts to fill and plug the woids in
stone structures such as jetties and riprap.
The binding action of the mastic tends to
make one firm mass. Yet mastics are flexible
enough to conform to some differential
settlement in the structure. Asphalt mastics
are also used as joint fillers to bind stone
blocks together on coastal structures,
particularly in European construction.

3.12 DESIGN CONSIDERATIORS--The viscous
properties of the asphalt mastic under
service conditions will probably be the
principal design consideration. However, the
viscosity of the mix during placement is also
important. The purpose for which the asphalt
mastic is to be used and the manner of
placement will require certain minimum and
maximum viscosities. In most instances the
mastic must be pourable and its viscosity
low enough during application to permit
sufficient penetration into the void spaces
it is expected to occupy. On the other hand,
the viscosity of the mastic during service
conditions must be high enough to keep long-
term flow within acceptable limits. These
requirements will depend upon temperatures,
slope angle, and the size of void spaces or
cavities to be filled.

3.13 MIX DESIGN--For most purposes,
asphalt mastics consist of sand, mineral
filler and asphalt cement. The composition
of the mixes can vary within wide limits, so

They are also used for constructing
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it is possible to make extensive use of
local materials. A typical sand-asphalt
mastic has the following composition:

Sand
Mineral filler
Asphalt cement

60-80 percent
10-20 percent
10-20 percent

The filler to asphalt ratio (by weight)
should generally be at least two to three.
In some instances, coarse aggregate is
added to give the mastic mix more "body" or
to increase the stability for certain
applications or uses. As much as one part
coarse aggregate (stone chips or screenings)
to two parts sand-asphalt mastic can gener-
ally be used and still produce an essentially
voidless mix. Sand-asphalt mastics with
added coarse aggregate have been used for
linings, precast slabs and mattresses, and
for grouting stone jetties.

A paper by R. E. Kerkhoven* presented
at the 1965 meeting of The Association of
Asphalt Paving Technologists (AAPT) described
how sand-asphalt mastics might be designed
on the basis of viscosity. A correlation
was established between the solid phase, Vg¢,
(ratio of compacted volume of the sand-filler
blend to the total voidless volume of the
mastic) and the viscosity ratio (viscosity
of the mastic mix divided by the viscosity
of the asphalt) at the same temperature.
Details of this procedure are in Mr.
Kerkhoven's paper.

There are o firmly established viscosity
limits for either placement or service condi-
tions. There will be different viscosity
requirements for varying applications and
service conditions. However, for grouting
work the viscosity of the mastic should be
between 10 and 10° Pa-s (10% and 10" ?oises)
at the time of placing and 10%® and 10'! Pa-s
(10% and 102 poises) under service condi~
tions.

Asphalt cement AC-10 or AC-20 (or
equivalent AR- or penetration grade, see
Figure I-3) may be used, depending on the
required properties at placement and service
temperatures. TFor underwater applications
it may be desirable to use even softer
grades of asphalt cement so that they can be
placed at lower temperatures, thus reducing
the formation of steam.

Mastic asphalts for surface seals con-
sist essentially of mineral filler and

* Rerkhoven, R. E., "Recent Developments in
Asphalt Techniques for Hydraulic Applica-
tions in The Netherlands," in Proceedings,
Volume 34, Association of Asphalt Paving
Technologists' Annual Meeting 1965.



asphalt. They are described in the following
section on surface treatments.

3.14 CONSTRUCTION~-Asphalt mastic mixes
can normally be prepared in batch-type hot-
mix plants, provided that the pugmill is in
good condition, and equipped with tight-
fitting gates. Care must be exercised in
hauling the mastic to the job site,
especially if the mix is fluid or the haul
distance is great, to prevent the sand and
larger aggregate particles from settling to
the bottom of the mix. In Europe, where
mastic asphalts are used extensively, special
mixing plants are used as well as special
containers with stirring paddles for trans-
porting the mix.

In most instances, the mastic 1s poured
and floated, trowled, or worked into place.
It can be deposited by chute or tube for
more rapid placement. For underwater place-
ment, the mastic should be confined in a
mass as much as possible to the point where
it is dumped. This may be accomplished
using tremies or similar devices or even
dumping en masse if placed in shallow depths.
Usually the mix holds enough heat to flow
into place before it cools.

D. SURFACE TREATMENTS

3.15 PURPOSES--A surface treatment may
be applied to an asphalt surface for a number
of reasons. It may be designed to make the
surface more watertight, or to protect it
from abrasion by waves, water currents, or
even by ice. 1t may also be used to protect
the surface from mud curl or the curling of
drying algae along the waterline, to give
the surface a lighter color in order to
reduce temperature extremes, or to reduce
the rate of oxidation of the exposed asphalt
surface.

3.16 SPRAYED ASPHALT SEALS--Asphalt
cement or emulsified asphalt sprayed over
the surface of an asphalt linin§ at the
rate of 1 litre/m? (0.25 gal/yd®) will
provide a film coating as much as 1 mm
(0.04 in.) thick. A continuous film
coating will fill and seal any exposed
pores and increase the watertightness of
the asphalt lining. It will also tend to
fill and seal small cracks in the surface
that may have been caused by improper
rolling procedures in compacting the lining.

The surface should be clean, dry, and
free from loose material. TIts temperature
should preferably exceed 38°C (100°F). A
sloped surface usually necessitates hand
spraying. This should be done in a back-
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and-forth sweeping motion to build up the
film and to keep the asphalt from flowing
down the slope.

3.17 ASPHALT MASTIC SEALS—~In addition
to providing a seal, asphalt mastics applied
to the surfaces of asphalt linings provide
extra surface protection from mechanical
abuse. Asphalt mastics permit a heavier
coating than sprayed applications, and
well-designed mixtures cin make the surface
resistant to abrasion by waves, or scouring
by waterborne sands.

Asphalt mastic mixtures for this purpose
are essentially blends of mineral filler and
asphalt cement. A small percentage (about
2 percent) of asbestos fibers is sometimes
added to the mix to increase stability. The
composition of the mastic for sealing can
vary widely. However, it should normally
fall within these ranges:

Mineral filler
Asphalt cement

50-70 percent
30-50 percent

Such mixes require squeegeeing, and they

produce a smooth finished surface. Depending

on the consistency of the mix, the surface

thickness will be 3 mm (1/8 in.) or less.

Fine sand may be added to give a gritty

surface texture. When this is done, asphalt

contents below 30 percent may be desirable.
These mixes usually are too liquid to

prepare in a conventional hot-mix plant;

special mixing equipment may be necessary.
AC-20 asphalt cement (or equivalent

AR- or penetration grade, see Figure I-3)

is normally used, but lower viscosity

grades are also employed.

3.18 NON-ASPHALT SURFACE TREATMENTS--~
Sometimes it is desirable to add a surface
treatment to an asphalt lining even when
sealing the surface is not required. Surface
treatments of this nature protect the surface
from possible damage by mud curling or drying
algae at the waterline and lighten the color
to reflect the sun's rays. One treatment
that has been used extensively with satisfac-
tory performance is a cement wash. The
solution consists of:

1 sack (42.6 kg or
94 1b)
4.5 kg (10 1b)
38-60 litres
(10-16 gal)

Portland cement

Calcium chloride
Water

The wash should be applied as thinly as
possible. The spreading technique should
provide uniform coverage, yet the dark surface



of the asphalt should plainly show through
the freshly-applied wash. The surface should
be wet before application. The application
rate depends upon the surface texture. A
"one-sack" mixture will cover 60 n? (72 yd?)
or more of a porous or rough-textured
surface, and approximately 90 m? (108 yd?)

of smoother surfaces.

E. BURIED ASPHALT MEMBRANE

3.19 DESCRIPTION--An asphalt membrane
(hot-sprayed type) consists of a continuous
layer of asphalt usually without filler or
reinforcing of any kind. It is covered or
buried, to prevent the surface from weather-
ing ard also to protect it from physical
damage. The membrane may be one of the
lower layers of a multi-layer or composite
lining, but more often it is simply covered
with native soil or gravel. Membranes are
usually about 6 mm (1/4 in.) thick and
provide a continuous, waterproof layer.
Asphalt, air-refined to achieve special
characteristics, is used to make these
membranes into tough, pliable sheets that
readily conform to changes or irregularities
in the subgrade. Buried under a protective
cover, an asphalt membrane will retain its
tough, flexible gpalities indefinitely. It
is the least expensive type of lining, yet
it has waterproofing capabilities equal to
any.

3.20 USES--Buried asphalt membrane
construction was developed by the U. S.
Bureau of Reclamation in cooperation with the
asphalt industry to provide an efficient,
low—cost means of controlling seepage in
earth-lined irrigation canals and laterals.
Some of these linings are in satisfactory
condition after more than 20 years of
service.

Since the first installation on a lateral
in Oregon in 1947, many canals and laterals
have been lined with the sprayed asphalt
membrane, and its uses have expanded to
include waterproofing shallow reservoirs
and small dams. The ability of the asphalt
to withstand reasonable concentrations of
acids and many chemical-laden waters makes
the buried asphalt membrane an effective
waterproof lining to preveant the pollution
of ground water by sewage lagoons, sanitary
landfills, and waste treatment ponds. It
has also been used effectively to water-
proof basins for the chemical leaching of
ores from mining excavations.

3.21 DESIGN CONSIDERATIONS--In most
cases the sprayed asphalt membrane will be
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buried; therefore the structure to be lined
should either be over-excavated or the depth
of cover considered in designing for
impounded depths or channel capacities.
Where native soil is used, a minimum thick-
ness of 30 em (12 in.) is recommended.
However, for large canals and reservoirs,

as much as 1 m (3 ft) of cover has been used.
Graded sands and gravel are the most
suitable soil covers; plastic or expansive
soils are the least desirable.

The permissible velocity in a membrane-
lined channel is usually somewhat less than
in an unlined channel constructed in similar
soil. This is because soil covers are
generally placed without the benefit of
maximum consolidation and in this state,
scour can be a hazard to the membrane. When
water velocities in the channel exceed 0.5
m/s (1.5 ft/sec), where wave action or turbu-
lence exists, or where livestock may enter or
cross, it is advisable to face the cover
with 7.5 to 15 cm (3 to 6 in.) of pit-run
or crusher-run aggregate. A cover of asphalt
penetration macadam has also been used for
this protective purpose.

The cross section of the channel should
be carefully designed. Although the asphalt
can be satisfactorily applied on steep side
slopes, the stability of the supporting
subgrade and the membrane cover material
limits the slope angle. The design should
also consider the effects of a rapid draw-
down of the water level, as this may cause
the sloughing of some earth covers.

The surface to be lined should be smooth
so that the resultant membrane will be
continuous, of uniform thickness, and free
of holidays caused by protruding stomes.

In some cases it may be necessary to dress
the subgrade surface with a fine-grained soil
to choke relatively large surface voids and
provide a uniform surface texture. Such a
surface also reduces the amount of asphalt
required to build up the desired membrane
thickness.

High softening point asphalt should
be used for buried membrane construction.
This is necessary in order to prevent
sagging or flow down a slope should the
cover material be accidentally removed,
exposing the membrane to the sun's rays.

It should also be plastic enough at service
temperatures to minimize the danger of
rupturing from earth movements. A blown
asphalt having the properties listed in
Table III-2 is recommended.

3.22 CONSTRUCTION--The three basic steps
in the construction of buried asphalt
membrane linings are subgrade surface pre-



REQUIREMENTS FOR ASPHALT

TABLE III-2
FOR USE IN WATERPROOF CONSTRUCTION

Membrane Construction
(ASTM D 2521)

Softening point (ring and ball),
Penetration of original sample:

At 25°C (77°F), 100 g, 5 s

At 0°C (32°F), 200 g, 60 s

At 46°C (115°F), 50 g, 5 s
Ductility at 25°C (77°F) cm
Flash Point (Cleveland open cup)
Solubility in carbon tetrachloride, %
Loss on heating, %

79° to 93°C (175° to 200°F)

50 to 60

30 min

120 max

3.5 min

218°C (425°F) min
97.0 min

1.0 max

Penetration at 25°C (77°F) after loss on heating,

%‘of original

60 min

paration, application of asphalt membrane,
and placement of the cover material., After
rough excavation the surface should be
smoothed and dragged to remove sharp angles
in the surface made by the excavation equip-
ment. If the subgrade consists of rough,
irregular rock, open gravels or similar, a
fine sand or soil padding is placed for
membrane support. The surface is then rolled
with a light roller. The object of these
preparations is to achieve a smooth surface
so that a reasonably uniform membrane is
obtained without using excessive asphalt.

Owing to the characteristics of the very
hot asphalt, dust bubbles and pinholes tend
to form when it is sprayed over a dusty
subgrade. A very light sprinkling of water
over the subgrade just prior to spraying the
asphalt will reduce the dust problem. It is
important that the asphalt membrane be
applied in at least two successive applica-
tions in order that pinholes that may form
in the first application be sealed off.

The recommended spray application temp-
erature of the asphalt is 200°C to 220°C
(392°F to 428°F). The asphalt should not
be overheated because by this the softening
point could be lowered, and the characteris-
tics of the material changed. Hand sprays
or spray bars fitted with slot-type nozzles
should be used to apply the asphalt under a
pressure of about 345 kPa (50 1b/in?).
Unless the surface to be sprayed is very
firm, the distributor should not travel over
the area being sprayed; instead, it should
move alongside and be equipped with offset
spray bars.

The handling of high-softening-point
asphalts requires skill and planning to
prevent "freezing" in the hose lines or
spray bars. Hose lines for hand applica-
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tions should be insulated, and application
should be as continuous as possible. BSpray
bars should not be shut off for more than

1 to 2 minutes at a time, and all pipes,
pumplines, and bars should be cleaned with
air or distillate immediately after
spraying operations are completed.

The asphalt should be applied at a rate
of 7 litres/m? (1.5 gal/yd?) to obtain a
membrane 6 mm (1/4 in.) thick and to ensure
impermeability. As mentioned, multiple
passes are preferred in building up the
membrane thickness. Three passes, applying
asphalt at about 2.3 litres/m? (0.5
gal/yd?) yields a desirable "ply" effect.
The nozzles of the spray bar should be kept
at least 15 cm (6 in.) but not more than
45 cm (18 in.) above the surface being
sprayed. The asphalt is applied in essen-
tially one operation. Since the high-
softening-point asphalt chills rapidly,
successive applications can be applied
almost immediately. The asphalt cools
quickly, and in a few minutes the surface
can be walked on for inspection or any
corrective action. However, equipment should
be kept off the membrane to prevent rupture
or other damage.

The cover material should be stockpiled
nearby. It is generally placed by casting
from drag lines. However, many methods for
placing the material using other standard
equipment can be devised. It is important
that equipment be kept off the membrane until
an adequate thickness of cover has been
placed. Material should not be bulldozed
over a berm and down the slope, as the
membrane may be damaged by sliding soil or
rolling stones. If the cover contains stones
that might puncture the membrane, a layer of
fine sandy soil should first be placed over



the membrane. Normally, compaction of the
cover will not be necessary, but smooth-faced
steel rollers may be used if required.
Dragging the surface of the soil cover will
smooth the surface and improve the appear-
ance of the completed work. Care in the
construction and maintenance of the membrane
cover will add much to the serviceability

and longevity of the completed structure.

F. PREFABRICATED ASPHALT PANELS

3.23 DESCRIPTION--The typical prefabri-
cated asphalt panel consists of a core of
ductile, blown asphalt fortified with
mineral fillers and reinforcing fibers. The
ingredients are blended and molded under heat
and pressure. The core is then sandwiched
between protective sheets and a protective
coating of hot-applied asphalt cement. The
protective sheets may be an asphalt-
impregnated felt, or plasticized or flexible
glass fabrics.

Asphalt panels are usually about 13 mm
{(1/2 in.) thick, but they are available as
thin as 3 mm (1/8 in.) thick. They are
usually 1.0 to 1.2 m (3 or 4 ft) wide and
3 to 6m (10 to 20 ft) long for handling
and placing. Asphalt panels are flexible
and can be fitted to bend and conform to
junctures of the side slope and floor of a
hydraulic structure. Properly supported,
they are tough enough to be used as an
exposed surface lining and can withstand
erosive and abrasive water forces, and
support light vehicles.

3.24 USES--The most extensive use of
prefabricated asphalt panels has been in
lining and waterproofing all types of water
storage reservoirs, including domestic water
reservoirs, sewage lagoons, industrial waste-—
treatment reservoirs, evaporation ponds,
and reflecting pools. They are also used
for lining canals and ditches, and for bank
protection. Asphalt panels have the advan-
tage of providing a relatively thin water-
tight barrier that can be used as a surface
lining. In addition, they do not require
heavy machinery to install. They are useful
for relining reservoirs where the concrete
lining has cracked badly and where leaking
has been excessive. Prefabricated asphalt
panel linings are also used as an element
of composite lining structures, most fre-
quently serving as the watertight surface
of a built-up lining.

Like hot-mix asphalt linings, prefabri-
cated panels import neither odor nor taste,
nor do they discolor the water. Ground
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squirrels and other rodents usually find
them impossible to penetrate.

3.25 DESIGN CONSIDERATIONS--Prefabri-
cated asphalt panels will bend and conform
to the surfaces on which they are laid. and
will withstand high water pressures. They
should not be bent or rolled so sharply that
the protective sheet or layer will over-
stretch or break. Ordinarily, they should
not be bent in a curve having a radius of
less than 30 cm (12 in.). The lining may
be anchored at the top of the slope by
tucking the edge of the lining into the
subgrade, anchoring it with special spikes
and backfilling with at least 15 cm (6 in.)
of cover. Larger reservoirs may have coping
walls, paved walks or roadways around the
top, with column footings or other protuber-
ances within the structure. The panels
should be securely bonded using an asphalt
primer followed by an asphalt adhesive.

Manufacturers of asphalt panels usually
have personnel qualified both to design panel
linings and to supervise their installation.
For the most part, the considerations for
designing a structure for hot-mix asphalt
linings are applicable to preparing it for
prefabricated asphalt panel linings.

Once the asphalt panels are in place,
the initial filling of the reservoir should
not exceed 1 m (3 ft) of depth per day.
Limiting, the filling rate is necessary to
enable the lining to assume its final shape.
slowly without overstressing the joints.

3.26 CONSTRUCTION--Procedures for
installing prefabricated asphalt pamel
linings are relatively simple, but they
require careful planning and workmanship.
Scale drawings should be prepared in detail
to show how all pieces are to be fitted
together and joined.

The subgrade is prepared as for other
types of asphalt linings. The structure is
excavated or filled to grade, then smoothed,
rolled and treated with a soil sterilant if
required.

The panels should not be abused in.
handling or they may be damaged. When stack-
ing panels, an insulating material such as
mica flakes should be sprinkled over their
surfaces to prevent them from bonding
together.

The panels are laid parallel and closely
butted or lapped. They are then bonded
securely with either specially prepared hot
or cold asphalt mastic adhesives. Cold
adhesives do not require heating equipment
at the job site, but do require more time
for construction and bonding. In either



case, the bonding surface must be clean and
dry.

Sealing the joints is the critical
operation: they must be tightly and perma-
nently bonded. Panels may be either butted,
with overlay strips cemented over the joint,
or they may be lapped and cemented together.

G. MISCELLANEOUS

3.27 BSAND ASPHALT--Sand asphalt is a
mixture of sand, with or without added
mineral filler, and asphalt cement. Mineral
filler added to the mix permits a higher
asphalt content and makes it possible to
obtain a denser, tougher, and more stable
mix.

Sand asphalt has been used alone for
linings, as base courses for other linings,
for revetments, and for groins. The largest
use of sand asphalt for hydraulics purposes
in the United States probably has been for
bank paving along the Mississippi River by
the U. S. Army Corps of Engineers. The
Netherlands has made extensive use of sand
asphalt in the construction of sea-wall
revetments. Typically, the base thicknesses
range up to 20 cm (8 in.) and are usually
capped with a layer of asphalt concrete.

Local sand deposits generally can be used
since gradation is not particularly critical.
The asphalt cement should be AC-20 (or equi-
valent AR- or penetration grade) or a higher
viscosity grade. A typical mix would have
an asphalt content of about 6 percent. If
about 5 percent mineral filler is added, the
asphalt content would probably be around
8 percent.

Sand-asphalt mixes for linings are not
as watertight as specially-designed hydraulic
asphalt concrete. However, laboratory
testing with different mineral filler and
asphalt contents can usually produce an
essentially voidless but workable mix. The
established general principles and procedures
of laboratory mix design for hydraulic
structures are the same as those for roadway
pavement construction.

Hot-sand asphalt is prepared and placed
in much the same way as other asphalt hot
mixes. It is very workable while hot,
affording the possibility of using hand
methods for placing and shaping. On the
other hand, it may be difficult to operate
heavy compaction equipment on freshly-placed
material until it has been allowed to cool.

3.28 ASPHALT PRIME TREATMENTS--Priming
the soil surface of a hydraulic structure
with asphalt is often done to seal it
temporarily or to reduce seepage until such
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time as waterborne sediments in the
impounded water settle and plug the soil
pores. Asphalt primes have also been applied
to sloped embankments before placing a
sprayed-asphalt membrane. The purpose, in
this case, is to anchor the membrane to the
slope. Primes have also been used for much
the same purpose as prime treatments of
roadway surfaces prior to paving operations;
that is to plug up voids and to provide a
more stable surface on which to place asphalt
construction.

Prime treatments are neither watertight
nor permanent. They are most applicable to
silty-sand soils that are quite permeable.
Appropriate asphalts for this type of treat-
ment are MC-30, or sometimes MC-70 or RC-70
cutback asphalts.

Application rates depend upon the charac-
ter of the soil. Nominal penetration by the
asphalt is desired; free asphalt on the
surface or flowing down the slope is not.
The treatment should be allowed to cure
before impoundment or before further con~-
struction proceeds.

3.29 WATERBORNE ASPHALT SEALANTS~~
Waterborne asphalt sealants have been used
to reduce excess leakage in unlined canals
and ponds. The method of treatment is simply
to pour emulsified asphalt into the water.
The asphalt sinks to the bottom and as
natural percolation takes place, the asphalt
particles clog the pores at or near the soil
surface. Treatment can be done in flowing
water but best results are obtained in
standing water. A slow~setting cationic
emulsified asphalt is usually preferred for
this treatment. The amount required will
depend on the porosity of the soil; but an
application rate of 2.7 to 3.2 litres/m?
(0.6 to 0.7 gal/yd?) of earth surface
generally will suffice. TFor better coverage,
the asphalt should be poured into the water
from several places at the same time as
the facility is being filled. The agita-
tion of the water helps to distribute the
asphalt. This work can be carried out as
part of normal maintenance, but the treat-
ment should be repeated every three or four
yvears. Chances are, the application rate
can be lower for later treatments.

3.30 ASPHALT INJECTION--Asphalt injec-
tion is the subsurface application of asphalt
pumped under pressure through pipes. The
method is used to reduce leakage of a hydrau-
lic structure through underground cracks,
fissures, and cavities.

A blown asphalt such as that used for
buried asphalt membrane construction or for



undersealing is generally used. Emulsified
asphalt with filler material has also been
successful. It also is possible to use
relatively low-viscosity sand-asphalt mastics
for this purpose.

The hot, fluid asphalt is usually pumped
through heated perforated pipes dropped into
drilled holes at the leakage strata levels.
Once in the leakage channel, the asphalt
spreads out and hardens into a tight plug
or water stop. With sufficient pumping
pressure, the asphalt will do this even in
fissures filled with water. These asphalt
plugs can adapt to slight movements in the
formation and changes in water pressure.

3.31 ASPHALT UNDERSEAL--Asphalt under-
sealing provides an economical means of
salvaging old, deteriorating portland cement
concrete linings. The hot asphalt, pumped
into voids beneath the old linings, spreads
out under the slab and fills the cavities,
forming a leak-proof plug. The technique
is similar to undersealing highway and
airfield pavements; the materials also are
similar. Asphalts used for undersealing
conventional pavements or those used for
buried asphalt membrane construction should
be employed.

Preparation of the old surface for under-
sealing generally consists of drilling holes
through the surface. The holes should be
about 4 em (1-1/2 in.) in diameter. There
should be one hole for each 8 m? (10 yd?)
of pavement to be undersealed. The holes
should be cleaned with compressed air. Hot
asphalt is pumped through the hand hose of
an asphalt distributor to the injection gun.
The nozzle is about 30 cm (12 in.) long and
has a gasket to seal the hole against leakage
during application. The asphalt is pumped
under pressure, usually 100 kPa (15 1b/in.2),
until the required amount Kas been injected.
Next, the holes are plugged with wooden plugs
that are removed after the asphalt has
cooled. The holes are then filled with an
asphalt paving mixture, thoroughly tamped
in place.

Caution is necessary if there are buried
drain-pipes nearby, since the asphalt may
fill them during the injection process.

3.32 ASPHALT-COATED MATS--Asphalt-coated
mats consist basically of felt or fabric
sheets installed and coated with asphalt to
form a watertight lining or membrane. They
were originally used on earth slopes around
highway bridge abutments as protection
against erosion caused by water runoff. They
have since been used for waterproofing bridge
decks, roofs, and even for seal-coat patches
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on road pavements. In hydraulic installa-
tions, they line or seal reservoirs, lagoons,
ponds, small ditches and canals. Asphalt
mats have also been used to seal existing
lined structures that have deteriorated and
are no longer waterproof. The mats can serve
permanently or as a temporary protective
covering. Recent developments in the manu-
facture of fiberglass felts and mats as well
as plastic and polymer fabrics have also made
this form of lining or membrane construction
attractive. _

The method of installation will vary in
detail but essentially it consists of placing
and anchoring the mat to the surface to be
covered, then spraying or mopping the mat
with asphalt. The mat and asphalt film
form a watertight membrane. Sometimes sand
or stone chips are spread over the surface
to protect the asphalt coating and to reduce
surface temperature.

3.33 ASPHALT MATTRESSES--Asphalt
mattresses are precast sections or blankets
of asphalt mastic reinforced with wire mesh
and steel cables or fiber netting and lines.
Generally they vary in thickness from 25 to
50 mm (1 to 2 in.). Their length and width
are limited only by the size of the molding
platform and the capabilities of the equip-
ment used to manipulate and place them.

The reinforced asphalt mattress was
developed by the U. S. Army Corps of
Engineers in 1932-34 for use on underwater
revetments on the banks of the lower
Mississippi River. Continuous asphalt
mattresses were cast on a special barge
pulled into the water. Mattresses have since
been adapted for use in European hydraulic
structures and in Japan. Their principal
function is to protect the surface on which
they rest from erosion or scour by waves and
currents. They are often used at the toe of
a revetment or lining. After a short period,
the edge of the mattress settles into the
scour zone, thus stabilizing the erosive
process. Asphalt mattresses are also used
as linings and as protective blankets for
hydraulic structures.

The asphalt mastic used in these mat-
tresses usually is a relatively viscous
mixture of graded aggregate, up to 9.5 mm
(3/8 in.) in size, mineral filler, and AC-20
(or more viscous) asphalt cement (or equiva-
lent AR- or penetration grade). The
reinforcing makes it possible to move the
mattress from its molding platform to its
place of installation. The mesh or netting
also helps keep the mattress intact as it
flexes and settles into place.






PART II:

EXAMPLES OF APPLICATIONS

Note: Grades and types of asphalt mentioned
in the examples were current designa-
tions at the time of comstruction.
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FIGURE IV-1. (Above) Construction
of asphalt concrete lining on
Innerste Dam, Germany; (photo
courtesy Shell International
Petroleum Company, Ltd.).

FIGURE IVv-2. (Left) Asphalt paving
machine hoisted on special ramp
for repositioning, Garvey
Reservoir, California.

FIGURE IV-3. (Below) Spreader box
mounted on arms of front-end
loader, San Joaquin Reservoir,
California.




CHAPTER IV
ASPHALT IN RESERVOIRS AND DAMS

A. ASPHALT LININGS FOR RESERVOIRS

4.01 GENERAL--The use of asphalt to
line or waterproof man-made water reservoirs
has been established and developed during
the past 40 years. The large area-to-depth
ratio of reservoirs makes practical the use
of standard asphalt paving machines and
other conventional paving equipment in their
construction. On the slopes, cables from
winches stationed at the top are required for
controlling and maneuvering the equipment.

A combination of standard paver, dump truck,
and steel-wheeled tandem roller, each cable-
controlled and maneuvered, has frequently
been used to pave reservoir slopes as steep
as 2:1 with 3:1 slopes being the most
common. On some smallér reservoirs, and in
portions of large reservoirs where use of
machinery proves difficult, placing, spread-
ing or compacting the mix is done by hand.
In general, standard asphalt paving proce-
dures are followed when paving the floors

of reservoirs.

4,02 SOUTHERN CALIFORNIA--In Southern
California there are several filtered-water
reservoirs that are essentially earth-lined
structures faced with a 7.5-cm (3-in.)
permeable asphalt lining. This is parti-
cularly true of a number of reservoirs owned
or operated by the Metropolitan Water District
of Southern California and the Los Angeles
Department of Water and Power. The permeable
asphalt mix consists of crushed aggregate
(see Table III-1, column D for gradings) and
asphalt cement, usually 60-70 penetration
grade. Such a mix generally provides 17 to
22 percent voids after compaction. The
permeable mix allows water to flow through
the lining to relieve hydrostatic pressure
under the lining during drawdowns of the
water level in the reservoir thus preventing
uplift of the facing. The asphalt facing
simply prevents the erosion of the water-
proofing earth blanket and provides a hard
surface for vehicles during cleaning and
maintenance operations. Typically, the
surface of the asphalt facing is given a
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thin sprayed-on cement wash surface coating
as described in Article 3.18 to protect it
from tensile forces resulting from drying
and shrinking clay, silt, and algae. The
side slopes of these reservoirs range from
3:1 to 2:1.

A variety of methods, a few of which are
described here, have been developed for
placing and compacting the asphalt lining.

The first use of conventional asphalt
paving equipment for lining the side slopes
of a reservoir was in 1954 on the Garvey
Reservoir, in Monterey Park near downtown
Los Angeles. A sloped moveable ramp, Figure
IV-2, was positioned at the top of the
embankment and was used for hoisting the
asphalt finishing machine. After placing a
strip of pavement by being pulled up the
slope, the paver was hoisted up onto the
ramp to complete the last several feet of
paving at the crest. The ramp was then
repositioned for the next paving pass. The
operation required the use of three hoists
located on the crest of the reservoir
embankment--one for lowering dump trucks
to deliver fresh asphalt mix to the paver,
one for pulling the paving machine up the
slope, and another for the 4.l-tonne (4-1/2-
ton) roller for compacting the mix. For
areas on the slope inaccessible to the paving
machine and the roller, the material was
spread by hand and compacted by a small
hand roller.

More recently, the San Joaquin Reservoir,
located 32 km (20 miles) southeast of Los
Angeles, was faced with a 7.5-cm (3-in.)
permeable asphalt lining in 1965 by a
specially built spreader. The spreaker
box, shown in Figure IV-3, was mounted on
the arms of a front-end crawler-type tractor
loader. The spreader box was modified by
adding a 8.2-tonne (9-ton) capacity tilting
hopper for operating on the 3:1 to 2:1
side slopes. The screed platform was also
altered to allow the screed-men to ride at
a comfortable angle while paving on the
slope. To-ensure proper lining thickness,
the tracks of the spreader were replaced with
steel skids mounted at the proper angle. This
also stabilized the spreader and permitted



full control of the spreading operation. The
asphalt mix was placed as the unit was
lowered down the slope by cable. A crawler-

type front-end loader equipped with a side-
discharge bucket traveled on the slope under
its own power to supply asphalt mix to the
spreader. Compaction was accomplished by
removing the front drum from a tandem roller
and raising and lowering it from the top of
the slope with a winch attached to a truck.
The roller weighed just over 0.9 tonne

(1 ton). Compaction was obtained in three to
four passes.

4,03 EAST BAY MUNTICIPAL UTILITY DISTRICT
--Beginning with completion of Seneca Reser-
voir in 1950, the East Bay Municipal Utility
District (EBMUD), Oakland, California, lined
a number of domestic water supply reservoirs
with asphalt materials. One of the eaglier
designs was a four-layer lining. It con-
sisted of a watertight sprayed-asphalt
membrane over a 2.5-cm (1-in.) dense,
asphalt-concrete layer, placed on a 7.5-cm
(3-in.) open-graded asphalt layer. A 10-cm
(4~in.) reinforced portland cement concrete
lining formed the surface of the composite
structure, as show in Figure IV-4.

As more reservoirs were built, most of
which were roofed, the lining design evolved
to essentially that shown in Figure IV-5. A
7.5-cm (3-in.) open-graded asphalt drainage
layer permits drainage of any subgrade water
to the lowest point, where it is carried off
by the drains. This open-graded mix is
described in Table III-1, column E. Upon
this layer a 2.5-cm (1-in.) course of
impermeable asphalt concrete is placed. This
forms the base for the surface layer of 13 mm
(1/2 in.) thick prefabricated asphalt panels.
The asphalt paneling extends over a portion
of the column and wall footings to maintain
a watertight seal. The multi-layer lining
is designed to prevent seepage of water into
the subgrade and to relieve any hydrostatic
pressures that may build up underneath the
lining.

A good example of the use of asphalt
panels to reline a reservoir is the 23,000—m3
(6~million gal) San Pablo Clear Water
Reservoir. This covered reservoir had a
badly-leaking rigid lining. It was relined
without removal of the cover by applying
13-mm (1/2-in.) prefabricated asphalt panels
and cold-applied asphalt mastic joint sealer.
All material was brought in through small
access doors. The relining effectively
controlled leakage and has given excellent
service.

4.04 ONONDAGA COUNTY WATER DISTRICT--
The Eastern Reservoir, 5 km (3 miles) east
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of Syracuse, New York, is the first of a
series of reservoirs built by the Onondaga
County Water District for water storage.
Constructed'in 1964, the 110,000-m® (30-
million gal) reservoir is 91 m (300 ft) wide,
163 m (535 ft) long, and 11 m (36 ft) deep.
It is completely lined with an impermeable
asphalt concrete lining 15 cm (6 in.) thick.
A bank-run gravel blanket 107 em (42 in.) '
thick on the side slopes and 45 cm (18 in.)
thick on the floor supports the asphalt
lining as shown in Figure IV~6. Underneath
the gravel layer on the floor of the reser-
voir is a 6-mm (1/4-in.) sprayed-asphalt
membrane covered by a 15~cm (6-~in.) layer of
concrete sand. A 4.5-m (15-ft) radius

-transition curve joins the sloped embankment

to the floor of the reservoir. A longitudi-
nal drain system is installed in the founda-
tion soil at the toe of the embankment. In
addition, a 1.5-m (5-ft) dike divides the
reservoir so that it need not be completely
emptied should repairs be necessary.
Specifications for the asphalt concrete
were similar to requirements for the asphalt
concrete used to face the Montgomery Dam in
Colorado (see Article 4.08), except that 8
to 8-1/2 percent asphalt cement, 60-70
penetration grade, was specified. The
asphalt for the sprayed membrane was a 50-60
penetration grade asphalt cement used for
filling joints and cracks on New York high-
ways. The surface of the compacted gravel
drainage layer was primed with MC-70
cutback asphalt prior to placement of hot mix.
A conventional paving machine was lowered
by cable from a winch attached to a crane
located on top of the embankment (see Figure
IV-7). The asphalt concrete lining was laid
in two 7.5-cm (3-in.) lifts. The mix was
delivered and deposited in a steel hopper
located at the base of the embankment. A
rubber-tired front-end loader moved up the
sloped embankment under its own power to
deliver the hot mix to the paving machine.
To ensure watertightness, the joints of the
2.4-m (8-ft) wide paving strips of the top

. layer were offset 1.2 m (4 ft) from the

joints of the lower layer. The outer edges
of the paving strips were tapered over a
30-cm (12-in.) width for the full depth of
the layer. The beveled face was coated with
emulsified asphalt prior to placing the
adjoining strip.

While the paving machine placed a strip
down the slope, a l.4-tonne (1-1/2-ton)
vibratory roller, raised and lowered on the
slope by a tractor, compacted the previously-
paved strip. A 9.1-tomne (10-ton) tandem
roller was used in addition to the smaller
roller for final compaction of the top course.
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FIGURE IV-7.

Asphalt paving machine spreading
asphalt mix, Eastern Reservoir, Onondaga County,
New York.

Paving down the slope presented a few
problems. Occasionally, whenever excessive
sand was encountered in the granular base
layer, the loader supplying mix to the paving
machine on the slope spun its wheels and had
to be pushed by a crawler-type tractor.
Also, since the asphalt mix was quite rich,
it was necessary to keep the mix temperature
below 155°C (310°F) to prevent the material
from flowing down the slope behind the
paver.

The performance of the lining has been
most satisfactory. A second reservoir west
of Syracuse and yet another near Rochester,
incorporate the same basic design for both
the lining and the asphalt concrete mix
used to waterproof the structures.

4,05 TUPPER RESERVOIR, SENECA POWER
PROJECT--The upper storage reservoir of
the Seneca Power project, jointly owned by
the Cleveland Electric Illuminating Co. and
the Pennsylvania Electric Co., is located
near the Kinzua Dam near Warren, Pennsly-
vania. The completely asphalt-lined circular
reservoir is nearly 0.8 km (1/2 mile) in
diameter. It is 21 m (70 ft) deep, with the
sides sloped 2:1. Paving began late in 1967
and was completed in September 1968.

The asphalt lining on the sloped sides
consists of a 7.5-cm (3-in.) impermeable
asphalt concrete lining placed in two lifts.
This waterproofing layer was placed on a
7.5-cm (3-in.) open-graded asphalt drainage
layer which in turn rested on a varying
thickness sand-gravel base. An asphalt
mastic was squeegeed over the surface at
about 2.7 kg/m? (5 1b/yd?) to further seal
the lining. A cross-section of the lining
is shown in Figure IV-8. The waterproofing
layer of asphalt and the sand-gravel base
continue over the floor of the resetvoir,
but the asphalt drainage layer ends at the
bottom of the slope. A 12-m (40-ft) verti-
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cal curve provides the tramsition from
the floor of the reservoir to the sloped
sides. A perforated drainage pipe in a
filter bed was installed underneath the
lining around the perimeter of the floor.

The impermeable asphalt mix was composed
of crushed sand and gravel with limestone
mineral filler added and graded as shown in
Table III-1, column A, with 8 percent asphalt
cement, 60-70 penetration. The asphalt
drainage layer mix consisted of crushed
stone graded as in Table III-1, column D,
with an asphalt content of 2 percent. The
asphalt mastic had the following composition:

Specification Typical
Percent Mineral
Filler 50-60 52
Percent Asbestos 2 2
Percent Asphalt,
50-60 pen 40-50 46

Prior to paving operations, the entire area
to be paved was treated with a weed killer.

4.06 LUDINGTON PUMPED-STORAGE PROJECT--
When completed in 1973, the Ludington,
Michigan, pumped-storage reservoir became the
world's largest structure of its kind. It
also represented the most extensive use of
asphalt in a single hydraulics structure.

The reservoir, approximately 3.5 km (2.2
miles) long, and 1.6 km (1 mile) wide, is
located along the eastern shore, and 105 m
(344 ft) above Lake Michigan, which serves

as the lower reservoir. The 1 x 10% m?
(82,000 acre-ft) capacity reservoir is formed
by a 9.7-km (6-mile) long embankment
averaging 31.4 m (103 ft) in height. The
inner slope of the embankment is waterproofed
by two impermeable layers of asphalt concrete
with a granular drainage layer sandwiched in
between. A ctoss section of the inner slope
and asphalt lining is shown in Figure IV-9
and IV-10.

The calcareous silty-sand subgrade was
first primed with a special cutback asphalt
to protect it from wind and rainfall erosion
until it could be paved. A 7.5-em (3-in.)
impermeable layer of asphalt concrete was
then placed and compacted in one course. A
blown asphalt was sprayed over the compacted
surface to form a membrane seal that extended
15 m (50 ft) up the slope. On top of this
a 46~-cm (18-in.) crushed-stone drainage layer
was placed and compacted. Within the drain-
age layer, a 25-cm (10-in.) slotted fiber-
glass pipe located near the base of the slope
extends the full length of the embankment.

At 46-m (150-ft) intervals, 20-cm (8-in.)



4.3m {14 ft})
FULL = 19.5m (64 ft)

WATER LEVEL LOW = 0.9m (3 ft}
21 m (70 ft) HIGH

ASPHALT MASTIC SEAL \
75cm (3 in.) IMPERMEABLE PRI

ASPHALT
7.5cm (3 in.) OPEN-GRADED
ASPHALT DRAINAGE LAYER

CONCRETE

FIGURE IV-8.
Cross-section
of reservoir
lining, Upper

EXCAVATED
MATERIAL

Reservoir,

Seneca Power

Project, 15¢m (6 in.)

Pennsylvania. GRANULAR LAYER 30 MIL PLASTIC

MEMBRANE

COARSE GRAVEL FILTER
25cm (10 in.) PERF. ASBESTOS
CEMENT PIPE

20cm (8 in.} CASING

T

27.4m

25¢m {10 in.) TOE DRAIN (90.0 1)

CLAY '

BLANKET 3m
(100ft)  24m (8.0
(

1.4m (4.5 ft)

HAC

25 A {5 ft) 10cm (4 in.)
FIGURE IV-9. (Above) Typical embank- CALCAREO{JS SILTY
ment section for Ludington pumped- SAND

storage reservoir, Michigan.
CROSS SECTION OF 72.4cm (28.5 in.) WATERTIGHT LINING

————— « ASPHALT SEAL COAT SPRAYED 7.6m (25 ft) UP THE SLOPE
WE— -— £GPHALT MASTIC SEAL

-} 13¢cm (5 in.) HYDRAULIC ASPHALT CONCRETE

g4+ AG6em (18 in) CRUSHED STONE DRAINAGE LAYER

FIGURE IV-10. Typical cross-section
of the watertight lining, Ludington
pumped-storage reservoir, Michigan.

<— ASPHALT SPRAY SEAL 15.2m (50 ft) UP THE SLDPE
7.6cm (3 in) ASPHALT CONCRETE SUBBASE
-— ASPHALT PRIME COAT

1.5m (5 ft) LAYER CALCAREOUS SILTY SAND
EMBANKMENT SUBGRADE




casings, equipped with sump pumps, connect
to this drainpipe and run up the slope and
out the top of the lining at the crest.

Any water that might seep into the drainage
layer is thus collected and pumped out from
within the lining.

A 6.5-cm (2-1/2-in.) asphalt concrete
binder course was then placed and compacted
on top of the drainage layer. This was
followed by two courses of an impermeable
asphalt concrete to form a 13-cm (5-in.)
thick watertight layer. Then an asphalt
mastic seal was squeegeed over the entire
surface. Additionally, a special cutback
asphalt seal coat was applied to the portion
of the lining surface that would support the
3-m (10-ft) clay blanket.

The impermeable asphalt concrete
(referred to as hydraulic asphalt concrete)
layers had an average void content of 2.7
percent and a Marshall stability of 5560 N
(1250 1b) with a flow of 32, based on 35-blow
specimens. The asphalt mix was a blend of
siliceous aggregates [retained on the 4.75-mm
(No. 4) sieve], crushed limestone mill sand,
and crushed limestone mineral filler. The
asphalt content was 6.75 percent by total
weight of mix using 60-70 penetration grade
asphalt cement. The grading limits, as well
as the job-mix limits for the aggregate are
as follows:

Percent Passing by Weight

U.S. Sieve Size Specification Job—M%x;
Limits Formula Limits

19.0 mm (3/4 in.) 100 100
12.5 mm (1/2 in.) 80-100 90-98
9.5 m (3/8 in.) 72-95 85-93
4,75 mm (No. 4) 48-68 60-68
2.36 mm (No. 8) 34-54 44-50
1.18 mm (No. 16) 24-42 28-34
600 ym (No. 30) 16-32 18-24
300 um  (No. 50) 10-24 14-20
150 um (No. 100) 7-18 12-18
75 um (No. 200) 5-15 11-14

The embankment forming the dike was built

up from material excavated from within the
reservoir area. This was typically a fine
sand. A l.4-m (4-1/2-ft) layer of calcareous
silty sand, also locally available, covered
the inner face of the embankment and served
as the subgrade upon which the asphalt lining
was placed.

The paving contract was awarded late in
1970 to an American and a West German con-
tractors operating in joint venture, The

paving was completed in 1972. Four special
"bridge" units were designed and built
especially for paving the inner slopes of

the reservoir. They operated in pairs. One

"fo the units paved the lower half of the

sloped embankment, the other the upper half,
as shown in Figure IV-11. These special
pavers were used for all paving courses
except for the final 6.5-cm (2-1/2-in.)
course. TFor this layer, modified conven-
tional pavers were used to provide continuous
strips of hot-mix asphalt from toe to crest.
Other conventional pavers were used for
other pavement courses to maintain a high
production rate.

All pavers, including the special bridge
paving units, were fitted with vibrating,
gas-heated screeds. In addition, a gas-
heated, vibrating plate compactor was towed
behind each paving unit to impart extra
compaction along the paving joint as the
screed advanced up the slope.

The bridge paving units were fitted with
skip hoppers that would provide the screed
unit with enough hot mix to make a complete
paving pass halfway up the slope. The hopper
of the upper unit was loaded from trucks at
the crest of the slope, while the hopper of
the lower unit was loaded at the base of the
slope. The conventional pavers were provided
mix from special hopper-buggies lowered from
the crest by the same winching rig used for
raising and lowering the asphalt pavers.

Small 4.1-tonne (4~1/2-ton) vibratory
rollers, usually raised and lowered by
winches on the paving units themselves,
provided initial compaction to the hot mix.
Heavier 9.1-tonne (10-ton) vibratory rollers
gave the additional compaction required.
They were raised and lowered by special
winching rigs located at the embankment
crest.

Special attention was given to the paving
joints in the top 6.5-cm (2-1/2-in.) layer.
A rig consisting of an infra-red heater and
gas-heated vibratory plate compactor (Figure
IV-12) was pulled up the slope to reheat and
recompact the joint.

The asphalt mastic used to seal the
surface course was a blend of 62 percent
mineral filler, 3 percent asbestos fibers,
and 35 percent asphalt cement. It was
applied by a special squeegee rig that
spread the hot mastic as it was pulled up
the slope by winching equipment mounted on
the crest. A clay blanket 1.5 m (5 ft) thick
covers the floor of the reservoir. At the
base of the embankment there is a zone
between the toe of the asphalt lining and
the floor of the reservoir where the clay
blanket is 2.4 m (8 ft) thick and lies on a



FIGURE IV-11. A pair of specially designed and

built paving units placing the initial paving course,

Ludington pumped-storage reservoir, Michigan.

5:1 slope. Where the blanket overlaps the
asphalt lining, it is 3 m (10 ft) thick.

The compacted lining will be under at least
1.5 m (5 ft) of water at all times. At full
reservoir, the water level will be 2.4 m

(8 ft) below the crest. An asphalt paved
roadway, essentially an extension of the
asphalt paving on the slope, is located on
the 6.4 m (21 ft) wide crest.

B. ASPHALT IN DAM CONSTRUCTION
4,07 GENERAL--The first examples of the

use of asphalt for dams go back to about 1935.

The asphalt revetment of the El Ghrib Dam in
Algeria, constructed in 1937, was one of the
first large-scale applications. Since then,
some 80 dams have been built or are under
construction using asphalt to protect and
seal them.

Earth and rockfill dams can be sealed
either with an impermeable lining on the
upstream face, or a vertical or a sloped
internal core (Figure IV-13). Most of the
earth and rockfill dams have been constructed
using asphalt as a watertight lining on the
upstream face. However, particularly in
Europe, an increasing number of dams are
being built with internal cores, especially
in earthquake areas or at sites where large
settlements are expected. Additionally,
asphalt cutoff walls are constructed in the
abutment sections of dams to stop underflow,
or flanking flow, through pervious soil
strata, channels, or fissures. Although
the use of asphalt for dams and reservoirs
is now well established, the work still
requires careful control and supervision.

FIGURE IV-12. Workman recompacting
paving joint, Ludington pumped-
storage reservoir, Michigan.

Skilled labor and workmanship are essential,
as is some specialized or modified equipment.
An asphalt mix at the base of a high dam
must resist being forced into the underlying
stone layer under the sustained high pressure
head. Tests have shown that penetration of
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the asphalt mix into an adjacent stone layer
can be prevented if the maximum size aggre-
gate in the mix is at least one-sixth the
size of the stones in the adjacent layer.

In a German publication, a value as small as
one-eighth is mentioned.

4.08 MONTGOMERY DAM--The Montgomery Dam
is a coreless rockfill structure with a
watertight asphalt concrete facing. This
facing covers completely the upstream slope
of the structure and, at the toe, hooks over
and bonds to a concrete cutoff wall forming
an impermeable barrier across the valley.

The dam is located on the middle fork of
the South Platte River, high in the Rocky
Mountains of Colorado, at an elevation of
approximately 3,350 m (11,000 ft). It is
34 m (113 ft) above the lowest point of the
stream bed and has a crest length of 580 m
(1900 ft). The rockfill is granite, quarried
from the mountainside. The downstream slope
of the structure is 1.4:1; the upstream face
is 1.7:1. To allow for expected settlement,
the crest of the dam was cambered (over-
filled) 0.9 m (3 ft) at the maximum section,
sloping uniformly to zero at each abutment.
Construction of the dam began in August 1954
and was completed in 1957, when the asphalt
paving was placed.

The design, combining rockfill with an
asphalt concrete facing, was selected for
a number of reasons, most important of which
was economy. The cost was less than for any
other equivalent design. Further, in an area
where the construction season is very short,
the method saved perhaps a year of time.
The asphalt facing was placed in less than
two months.

The design mix finally selected was:

Percent Passing

Sieve Size Design Mix

Grading Limits

(Washed)
38.1mm (1-1/2 in.) 100 100
19.0 mm (3/4 in.) 80-95 86.8
12,7 mm (1/2 in.) 71-89 76.5
4,75 mm (No. 4) 55-75 58.7
2.0 mm (No. 10) 40-60 46.5
425 um  (No. 40) 22-36 30.0
180 um (No. 80) 14-26 19.2

75 um  (No. 200) 7-15 12.8

50-60 penetration grade asphalt cement 8.5 percent
* 0.2 percent by weight of aggregate.

Three types of rock or zones comprise the
dam structure. The interior bulk of the dam
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is composed of large, mostly 0.45 to 4.5~
tonne (0.5 to 5-ton) rock. The second zone
is a 3-m (10-ft) layer, measured horizontally,
of intermediate~sized rock with no particles
smaller than -7.5 cm (3 in.). The surface on
which the asphalt paving was placed was a
layer of 19 to 75-mm (3/4 to 3-in.) rock.
The compacted rock surface was first given a
penetration coat of asphalt followed by a
leveling course of asphalt concrete. The
asphalt mix, spread by hand, was deposited
from dump trucks lowered down the slope by
cables. A single pass of a vibratory roller
compacted the mix. The rest of the asphalt
facing was placed by a conventional paving
machine modified to operate on the slope; it
was supplied by dump trucks lowered to the
paver by cables. At the toe of the dam
(Figure IV-14) the asphalt lining curves

out on a 3-m (10-ft) minimum radius until it
is horizontal. It hooks over the concrete
cutoff wall and is also keyed into the wall.
In this manner, the water pressure helps to
provide a watertight seal at this point.

The lining was placed in three lifts to
build up the 30-cm (12-in.) thickness,
including the thickness of the leveling
course. Each paving strip was 3.7 m (12 ft)
wide and was offset at least 0.9 m (3 ft)
from the paving strip of the lower layer.
Cold paving joints were coated with hot
asphalt cement prior to placing the adjoining
paving strip.

Montgomery Dam has measured up to per-
formance expectations in all respects.
Settlement of the rockfill has been very
slight-~less than 3 cm (0.1 ft). Close
observation of the discharge from the dam's
drainage system indicates continued inte-
grity of the asphalt lining. Minor cracks
that have appeared in the surface of the
lining have been confined to the top paving
layer, and they have been routinely filled.
Additionally, no damage to the asphalt
lining has been experienced from ice or
winter conditions.

4.09 HOMESTAKE DAM--Homestake Dam,
completed in 1967, is a compacted rockfill
structure with an impermeable asphalt con~
crete facing on the upstream slope. Approx-
imately 76 m (250 ft) high and nearly 610 m
(2,000 ft) long at the crest, the dam is
located in the Colorado Rockies about 19 km
(12 miles) northwest of Leadville, Colorado,
at)an altitude of more than 3,000 m (10,000
ft).

The dam is a zoned, rolled rockfill
embankment. The asphalt concrete facing is
keyed into the foundation bedrock at the toe
by a concrete cutoff wall. A single line of
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Paving operations,
Montgomery Dam, Colorado.

FIGURE IV-15.

grout holes extends into the foundation from
the cutoff. A concrete parapet wall extends
the crest a short distance above the dam as
additional protection against high waves.

The waterproofing layer of asphalt
concrete was placed on the compacted slope
of the dam in 9-em (3-1/2-in.) layers. The
thickness of the facing varies from 36 cm
(14 in.) at the toe to 18 cm (7 in.) as shown
in Figure IV-16., Aggregate from a sand and
gravel deposit downstream from the site was
used for the asphalt concrete mix. The
grading limits for the blended crushed
gravel and sand were:
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Cross~-section of toe of Montgomery Dam, Colorado.

Passing 25.4 mm (1 in.) 100 percent
" 19.0 mm (3/4 in.) 88-94
" 12.7 mm (1/2 in.) 79-85 "
" 9.53 mm (3/8 in.) 72-78 "
" 4,75 mm (No. &) 59-65 "
" 2.00 mm (No. 10) 44-48 "
" 425 um (No. 40) 27.5-30.5 "
" 180 um (No. 80) 17.5-20.5 "
" 75 um  (No. 200) 9.2-12.2 "

The asphalt cement content (50-60) penetra-
tion grade) was 7.4 percent.

The asphalt concrete was laid on the
face of the dam by a paving machine modified
to operate on the slope (Figure IV-17).
Paving strips 3 m (10 ft) wide were placed
as the laydown machine was pulled up the
slope. The paver was fed by buckets that had
been filled at the plant. The buckets were
swung over the face by a crane with a 37-m
(120-ft) boom. A special winch, side-mounted
on the crane, raised and lowered the paver
on the dam face. Compaction was obtained
with four passes of a 4.l-tonne (4-1/2-ton)
vibratory roller, also modified for operating
on the slope, as shown in Figure IV-18. The
roller was raised and lowered from a winch
on a second crane.

As the rockfill embankment was completed
in stages, each of which was approximately
20 m (65 ft) in height, the asphalt lining
was placed and compacted. It was also
advisable to place the lining in stages to
keep the distances between the paving equip-
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FIGURE Iv-18. (Right) vibratory
roller with modified frame for
compacting the asphalt concrete
facing, Homestake Dam, Colorado.

FIGURE IV-17. (Below) Modified
paving machine placing leveling
course on Homestake Dam, Colorado.




ment on the sloped face and the winching
equipment within workable limits.

4,10 INTERNAL ASPHALT CORES FOR DAMS--
All of the earth and rockfill dams in the
United States, and most of those in Europe,
incorporating asphalt construction have the
upstream slope paved with asphalt. However,
there has been a trend in Europe toward
internal asphalt cores, particularly in
earthquake areas or where large settlements
are expected. Two types of mixes have been
used for constructing asphalt cores. The
first, referred to as stone-asphalt, is
simply a hot asphalt mastic with large
stones, 10 to 41 em (4 to 16 in.), embedded
in the mass, constituting 35 to 45 percent
of the volume. The other type is a well-
graded impermeable asphalt concrete.

Stone-asphalt cores are either vertical
or nearly vertical, and usually have a
thickness of 0.9 to 1.1 m (3 to 3-1/2 ft).
Construction of the core involves several
steps: cleaning and precoating the stones,
placing steel forms, mixing and placing the
asphalt mastic, embedding the stones, and
removing the steel forms. The forms, about
0.76 m (2-1/2 ft) deep, are set in place over
the previous layer. Stone is used to back-
£i11 on either side of the forms to a depth
of 40 to 50 cm (16 to 20 in.) or equal to
the depth of core layer to be placed. The
forms are then partially filled with hot
asphalt mastic to a depth of 20 to 30 cm
(8 to 12 in.). TFollowing this, some of the
precoated stones are placed on top of the mix
and allowed to sink. The forms are then
removed and additional stomes are placed on
top of the mastic and pressed into the mix
with a specially designed vibrator (Figure
IV-19). This also forces some of the mastic
into the adjoining stone and interlocks the
core with the rock fill.

Construction of internal cores with
asphalt concrete has been made possible by
the relatively recent development of a
special machine by a German contractor. A
front view of the machine is shown in Figure
IV-20. An infra-red heater, projected for-
ward of the machine and protected by a metal
housing, heats the surface of the previous
asphalt 1ift. Crushed stone is placed
immediately in front of the machine. As the
apparatus moves forward, a strike-off blade
separates the crushed stone, and a layer of
asphalt concrete is placed in the resulting
channel. The stone layers are about 0.9 m
(3 £t) wide on either side of the asphalt
core and at the same thickness. This is
shown in Figure IV-21. The asphalt core may
be up to 1 m (3 ft) wide and as much as
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25 em (10 in.) thick for each pass. Vibrat-
ing screeds compact the stone and asphalt as
they are placed. Additional compaction may
be obtained with independent rolling.

All internal asphalt concrete cores
constructed by this method have been
vertical. Typical thicknesses of the core
wall at the base are about 60 cm (24 in.)
and they taper to about 30 cm (12 in.) at
the top.

4,11 ASPHALT CUTOFF WALL, CLAYTOR DAM~-
An asphalt cutoff wall was constructed about
1940 in the north abutment of the Claytor
Dam hydroelectric project on the New River
near Radford, Virginia. A hot sand-asphalt
mastic was poured into a sheeted trench which
was sunk through the overburden to rock. The
trench was 104 m (340 ft) long, less than
1.2 m (4 ft) wide and varied from a few
metres up to 46 m (150 ft) deep (see Figure
IV-22). 1Its construction was necessary to
check underflow through the north abutment
of the dam, which consisted of dolomite rock,
badly cut by solution channels and overlaid
with rock fragments and clay. The cutoff
wall was flexible enough to adjust, without
cracking, and without losing its impermea-
bility, to slight movements caused by
temperature differentials or settlement.

After many tests of various sizes and
gradings of aggregates, 88-1/2 percent
manufactured dolomite sand and 11-1/2 percent
190 penetration grade asphalt cement were
selected for the job. The gradation of the

sand was:
6.35 mm (1/4 in.) 100 percent passing
2.00 mm (No. 10) 80.5 " "
425 um  (No. 40) 41.0 " "
150 ym (No. 100) 24,5 " "

The mixing temperature was 168°C (335°F).
Since the mixture stayed fluid for some time,
it was possible to pour the asphalt mastic
at a rate limited only by the production
capacity of the mixing plant and the capa-
bilities of the haul trucks. This rapid
placement of the mix maintained sufficiently
low viscosity that the mastic was able to
flow into all parts of the trench and into
all surrounding spaces, thus completely
embedding the sheeting. The solution
passages were so tightly packed wi