
Compaction of Roller-Compacted Concrete

ACI 309.5R-00
(Reapproved 2006)

Reported by ACI Committee 309

Richard E. Miller, Jr.

Chairman

Neil A. Cumming Glen A. Heimbruch Celik H. Ozyildirim

Timothy P. Dolen Kenneth C. Hover Steven A. Ragan

Chiara F. Ferraris Gary R. Mass Donald L. Schlegel

Jerome H. Ford Bryant Mather Mike Thompson

Steven H. Gebler Larry D. Olson Brad K. Voiletta

Full docum
Roller-compacted concrete (RCC) is an accepted and economical method
for the construction of dams and pavements. Achieving adequate compac-
tion is essential in the development of the desired properties in the hard-
ened material. The compaction depends on many variables, including the
materials used, mixture proportions, mixing and transporting methods, dis-
charge and spreading practices, compaction equipment and procedures,
and lift thickness. The best performance characteristics are obtained when
the concrete is reasonably free of segregation, well-bonded at construction
joints, and compacted at, or close to, maximum density.

Compaction equipment and procedures should be appropriate for the
work. In dam or massive concrete applications, large, self-propelled,
smooth, steel-drum vibratory rollers are used most commonly. The frequency
and amplitude of the roller should be suited to the mixture and lift thickness
required for the work. Other roller parameters, such as static mass, number
of drums, diameter, ratio of frame and drum mass, speed, and drum drive
influence the rate and effectiveness of the compaction equipment. Smaller
equipment, and possibly thinner compacted lifts, are required for areas
where access is limited.

Pavements are generally placed with paving machines that produce a
smooth surface and some initial compacted density. Final density is obtained
with vibratory rollers. Rubber-tired rollers can also be used where surface
tearing and cracks would occur from steel-drum rolling. The rubber-tired
rollers close fissures and tighten the surface.

Inspection during placement and compaction is also essential to ensure
the concrete is free of segregation before compaction and receives adequate
coverage by the compaction equipment. Testing is then performed on the
compacted concrete on a regular basis to confirm that satisfactory density
is consistently achieved. Corrective action should be taken whenever unsat-
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isfactory results are obtained. RCC offers a rapid and economical method
of construction where compaction practices and equipment are a major
consideration in both design and construction.
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CHAPTER 1—INTRODUCTION
1.1—General

Roller-compacted concrete (RCC) has become an accepted
material for constructing dams and pavements, rehabilitating
and modifying existing concrete dams, and providing over-
flow protection of embankment dams and spillways. Its pro-
duction provides a rapid method of concrete construction
similar in principle to soil-cement and other earthwork con-
struction. RCC technology developed considerably in the
1980s, after early research by Cannon (1972), Dunstan (1977),
Hall and Houghton (1974), and the development of the roll-
er-compacted dam (RCD) method in Japan in the 1970s. Also,
in the 1980s, RCC was developed as a heavy-duty paving ma-
terial for log sorting yards, tank hardstands, railroad sorting
yards, and other industrial pavements. It also found application
in roadways and parking areas. Detailed information on the
use of RCC in mass concrete and paving applications is con-
tained in ACI 207.5R and ACI 325.10R, respectively.

1.2—Scope and objective
This report presents a discussion of the equipment and spe-

cial construction procedures associated with the compaction
of RCC. It includes characteristics of the mixture relevant to
compaction and the effects of compaction on desired proper-
ties of RCC. These properties include various strength param-
eters, watertightness, and durability. Differentiation is made
between RCC used in massive concrete work and that used
in pavements. The discussion also includes provisions for
measurement of compaction. This report does not cover
soil-cement or cement-treated base.

The objective of this report is to summarize experience in
compaction of RCC in various applications, to offer guid-
ance in the selection of equipment and procedures for com-
paction, and in quality control of the work.

1.3—Description
According to ACI 116R, roller-compacted concrete is de-

fined as “concrete compacted by roller compaction that, in
its unhardened state, will support a roller while being com-
pacted.” ACI 116 further defines roller compaction as “a
ument details: ACI 309.5R-00 (2006)
process for compacting concrete using a roller, often a vi-
brating roller.”

RCC construction involves placement of a no-slump con-
crete mixture in horizontal lifts ranging from 150 to 600 mm
(0.5 to 2 ft) thick and compaction of this mixture, normally
with a smooth-drum, vibratory roller. For RCC dams, multi-
ple lifts of concrete, generally 300 mm (1 ft) thick, are con-
tinuously placed and compacted to construct a cross section
that is similar to a conventional concrete gravity dam. Another
RCC placing method is to spread three or more thinner (typi-
cally approximately 230 mm [9 in.]) layers with a bull-dozer
before compacting them into one thick lift with a vibratory roll-
er. One significant difference between an RCC dam and a
conventional concrete dam is the continuous placing of a
horizontal lift of concrete from one abutment to the other,
rather than constructing the dam in a series of separate mono-
liths. A horizontal construction joint is produced between
each lift in the RCC dam. In paving applications, individual
lanes of concrete are placed adjacent to each other to con-
struct a pavement ranging from 150 to 250 mm (6 to 10 in.)
thick. The procedure is similar to asphalt-paving techniques.
In some instances, two or more lifts of RCC are quickly
placed and compacted to construct a thicker, monolithic
pavement section for heavy-duty use.

Several steps are required to achieve proper compaction
of RCC construction:  1) A trial mixture should be developed
using appropriate testing methods to determine the optimum
consistency and density for each application; 2) A trial sec-
tion should be constructed to validate the number of passes
and establish the required moisture content and density; 3)
The RCC should be placed on freshly compacted material,
or, if the surface is not freshly compacted or is the start of a
new lift, place a more workable mixture, or place over a
bond layer of mortar; 4) For dams, roll from one abutment
to the other continuously; 5) For pavements, roll immediate-
ly behind the paver and place the next lift within 1 h; 6) Roll
the proper number of passes before placing the next lift; 7)
Use a tamper or small compactor along edges where a roller
cannot operate; and 8) Maintain a site quality-control pro-
gram. The details of proper compaction and the ramifica-
tions of improper compaction are provided in the following
chapters.

1.4—Terminology
The terms compaction and consolidation have both been

used to describe the densification process of freshly mixed
concrete or mortar. In ACI 309R, consolidation is the pre-
ferred term used for conventional concrete work. For the pur-
poses of this document on roller-compacted concrete,
however, the term compaction will be used for all types of
RCC mixtures, because it more appropriately describes the
method of densification.

1.5—Importance of compaction
The effect of compaction on the quality of RCC is signifi-

cant. Higher density relates directly to higher strength, lower
permeability, and other important properties. RCC mixtures
are generally proportioned near the minimum paste content
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to fill voids in the aggregate, or at a water content that pro-
duces the maximum density when a compactive effort
equivalent to the modified Proctor procedure (ASTM D
1557) is applied. The use of RCC in either massive struc-
tures or pavement construction needs to address the compac-
tion of each lift because of its influence on performance.
Failure to compact the concrete properly can cause potential
seepage paths and reduce the stability in RCC dams or re-
duce the service life of RCC pavements.

In the 1980s, core sampling from RCC dams revealed
instances of voids and low density in the lower one-third of
lifts of RCC that had been placed and compacted in 300 mm
(1 ft) lifts (Drahushak-Crow and Dolen 1988). Lower density
at the bottom of lifts can be attributed to lack of compactive
effort but is more commonly due to segregation of the mix-
ture during the construction process. This segregation causes
excessive voids in the RCC placed just above the previously
compacted lift. Segregation is a major concern in dams due
to the potential seepage path and the potential for a continu-
ous lift of poorly bonded RCC from one abutment to the other
that could affect the sliding stability. RCC dams constructed
in earthquake zones can also require tensile strength across
the horizontal joints to resist seismic loading. At Willow
Creek Dam, seepage through a nonwatertight upstream face,
and segregation at lift lines required remedial grouting (U.S.
Army Corps 1984). This RCC dam was considered safe,
from a sliding stability standpoint, due to its conservative
downstream slope of 0.8 horizontal to 1.0 vertical. Recent in-
novations in South Africa (Hollingworth and Geringer 1992)
and China have included the construction of RCC arch-grav-
ity dams with very steep downstream slopes where bonding
across lift joints is critical to the stability of these structures.

In pavements, flexural strength is dependent on thorough
compaction at the bottom of the pavement section, while
durability is dependent on the same degree of compaction at
the exposed surface. Furthermore, construction joints between
paving lanes are locations of weakness and are particularly
susceptible to deterioration caused by freezing and thawing
unless good compaction is achieved.

CHAPTER 2—MIXTURE PROPORTIONS
2.1—General

RCC mixtures should be proportioned to produce concrete
that will readily and uniformly compact into a dense material
with the intended properties when placed at a reasonable lift
thickness. Procedures for proportioning RCC mixtures are
provided in ACI 211.3R, ACI 207.5R, and ACI 325.10R.

The ability to compact RCC effectively is governed by the
mixture proportioning as follows:
• Free-water content;
• Cement plus pozzolan content and cement: pozzolan 

ratio;
• Sand content, grading, and amount of nonplastic fines 

(if used);
• Nominal maximum size of aggregate;
• Air-entraining admixtures (if used); and
• Other admixtures (water-reducing, retarding or both).

For a given ratio of cement plus pozzolan, sand, fines
(passing the 75µm [No. 200]) sieve, and coarse aggregate,
cument details: ACI 309.5R-00 (2006)
the workability and ability to compact RCC effectively will
be governed by the free-water content. As the water content
increases from the optimum level, the workability increases
until the mixture will no longer support the mass of a vibrat-
ing roller. As the water content decreases from the optimum
level, sufficient paste is no longer available to fill voids and
lubricate the particles, and compacted density is reduced.

 RCC mixtures have no measurable slump, and the con-
sistency is usually measured by Vebe consistency time in
accordance with ASTM C 1170. The Vebe time is mea-
sured as the time required for a given mass of concrete to be
consolidated in a cylindrically shaped mold. A Vebe time of
5 seconds (s) is similar to zero-slump concrete (no-slump
concrete), and at such consistency, it is difficult to operate a
roller on the surface without weaving, pumping, and sinking.
For RCC mixtures used in dam work, a Vebe time of approx-
imately 15 s is suitable for compaction in four to six passes
with a dual-drum, 9 tonne (10 ton) vibratory roller. A normal
range would be 15 to 20 s. At Victoria Dam Rehabilitation, the
Vebe consistency of RCC ranged from approximately 15 to
20 s in the laboratory. In the field, the water content of the
RCC was decreased and the Vebe consistency increased to
approximately 35 to 45 s (Reynolds, Joyet, and Curtis 1993).
The Vebe consistency test was not as reliable an indicator of
workability at these consistency levels. Compaction was
achieved by up to eight passes with a 9 tonne (10 ton) dual-
drum vibratory roller at this consistency. RCC mixtures with a
high consistency time, up to 180 s, have been compacted in the
laboratory. RCC of this consistency required two to three times
more compactive effort to achieve the equivalent percent com-
paction than mixtures with a lower consistency (Casias, Gold-
smith, and Benavidez 1988). A Vebe time of 30 to 40 s appears
to be more appropriate for RCC pavement and overtopping
protection mixtures.

Lean RCC mixtures can benefit from the addition of non-
plastic fines (material passing the 75 µm [No. 200] sieve) to
supplement the cementitious paste volume and reduce inter-
nal voids between aggregate particles. For these mixtures,
the increased fines improve handling and compactability
(Schrader 1988). Lean RCC mixtures have no measurable
consistency and the optimum water content for compaction
is determined by visual inspection during mixing and com-
paction (Snider and Schrader 1988). If the moisture content
is too low or there is insufficient rolling, the density at the
bottom of the lifts is reduced and the bond between lifts is
usually poor. This problem is easily corrected by first plac-
ing a bonding mortar or thin layer of high-slump concrete on
the surface of the previously placed and compacted lift to
bond the two together.

The fine aggregate content of RCC mixtures can affect
compactability of RCC, though to a lesser degree than water
content. RCC mixtures are less susceptible to segregation
during handling and placing if the fine aggregate content is
increased over that which is recommended for conventional
concrete mixtures.

Fly ash (Class F or C) and water-reducing and retarding
admixtures can be beneficial in the compaction of RCC
mixtures. The effectiveness of these materials, however,
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depends on the specific mixture composition. Fly ash, when
used to replace a portion of the cement, can decrease the water
requirement of mixtures having a measurable consistency
(ACI 207.5R). Fly ash can also be used as a mineral filler in
low paste volume mixtures to increase workability and den-
sity of the RCC. At Elk Creek Dam, using water-reducing,
set-controlling admixtures reduced the water content of RCC
approximately 14%, and reduced the Vebe consistency from
20 to 10 s compared with mixtures without the admixture.
This improved the workability of the mixture and the ease
with which the RCC could be consolidated (Hopman and
Chambers 1988).

Air-entraining admixtures improve both the workability of
fresh RCC and resistance to freezing and thawing of hardened
RCC (Dolen 1991). The dosage of air-entraining admixture
may have to be increased to achieve air-entrained RCC meet-
ing the desirable ranges of air-void parameters found in con-
ventional air-entrained concrete. Entraining a consistent
amount of air in RCC is difficult, particularly with mixtures
having no measurable slump. Air-entraining admixtures
should be tested for effectiveness with project materials,
mixing, and placing equipment before being specified. The
pressure air content of RCC can be tested using a standard air
meter attached to a vibratory table with a surcharge for con-
solidating the sample.

2.2—Moisture-density relationship
RCC mixtures have also been proportioned using soil-

compaction methods that involve establishing a relationship
between dry or wet density and the moisture content of the
RCC. The method is similar to that used to determine the re-
lationship between the moisture content and density of soils
and soil-aggregate mixtures (ASTM D 1557). This method
can result in a mixture that has inadequate paste to completely
fill voids between aggregate particles at the optimum moisture
content and consequently, depends more on expulsion of voids
through compactive effort. For a given compactive effort, the
optimum moisture content of a mixture proportioned using
this method is defined as the peak of the moisture-density
curve, and is dependent on the properties of the aggregates
used and the cementitious material content. Strength loss will
occur in a mixture that has a moisture content below the op-
timum moisture content due to the presence of additional
entrapped air voids. Strength loss will also occur in a mix-
ture if the moisture content is significantly above optimum
due to an increase in the water-cementitious materials ratio
(w/cm). The strength loss above the optimum moisture con-
tent is not as dramatic as the strength loss below optimum, be-
cause more paste volume is available for bonding particles
(Reeves and Yates 1985).

 2.3—Coarse aggregate
The nominal maximum size aggregate (NMSA) normally

affects the ease of compaction of RCC due to the tendency of
large aggregate to segregate from the drier, no-slump mix-
ture and to form rock pockets on the construction joints. For
mass RCC placed in 300 mm layers, the NMSA in RCC mix-
tures should not exceed 75 mm (3 in.), and good placing con-
ment details: ACI 309.5R-00 (2006)
trol should be maintained. The NMSA of some RCC
mixtures has been increased to 150 mm (6 in.) by placing
multiple 200 mm (8 in.) layers by bulldozing and compact-
ing the mass into a 750 mm (30 in.) lift with vibratory rollers
followed by pneumatic tire rollers (Ministry of Construction,
Japan 1984). The current trend is to use 37.5 to 50.0 mm
(1-1/2 to 2 in.) NMSA to minimize segregation problems. In
RCC pavement mixtures a 19.0 mm (3/4 in.) NMSA is rec-
ommended for producing a relatively smooth surface texture
(ACI 325.10R).

In addition to NMSA, the degree to which the aggregate
grading is controlled will have a significant influence on the
uniformity of RCC properties, the ease of compaction, and
achieving uniform density of the mixture. Where close
grading control is desired, coarse aggregate should be pro-
duced and batched in separate size ranges as recommended
in ACI 304R. Some facilities have cut costs in stockpiling
and batching by using a single-graded aggregate or by in-
creasing the size range of the stockpiled material. This prac-
tice, however, can increase the variation in total grading of
the aggregate in stockpiles and cause difficulty in producing
uniform RCC mixture during construction.

Coarse aggregate quality can also affect compaction. Ag-
gregates of low physical strength can break down during
compaction and produce variation in density. Some RCC
projects have satisfactorily used aggregates of marginal
quality (Parent, Moler, and Southard 1985).

CHAPTER 3—EFFECTS ON PROPERTIES
3.1—General

Proper compaction of RCC is essential to achieve the nec-
essary properties intended for performance and design life.
The degree of compaction influences strength, watertight-
ness, and durability of RCC.

3.2—Strength
Although the strength of RCC is a function of many vari-

ables, the degree of compaction throughout its entire thick-
ness is perhaps the most significant. For each 1% of air that
can be removed from any concrete by consolidation that is
not removed, the compressive strength is reduced by approx-
imately 5%. Test results from many RCC paving projects
indicate that small reductions in pavement density cause
relatively large reductions in both compressive and flexural
strengths (Rollings 1988). A 5% reduction in the density of
cores taken from several Australian pavements resulted in an
approximate reduction in compressive strength of 40%.
Abrams and Jacksha (1987) reported a 2.3% decrease in
RCC pavement density in Oregon that resulted in a 11% de-
crease in flexural strength. Rollings also noted that the per-
formance of RCC pavements is adversely affected when
adequate compaction is not achieved at the bottom of the lift.
The bottom of the pavement section (where the highest
stresses from loading occur) was 25% weaker in flexure tests
than the top of the pavement (Rollings 1988). At Galesville
Dam, Oregon, the compressive strength of cores from a
mixture with a higher cement plus pozzolan content than
the interior concrete had a lower compressive strength due
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to lower density in this outer facing zone of RCC
(Drahushak-Crow and Dolen 1988).

Flexural fatigue failure occurs in pavements when the
concrete cracks due to continued repetitions of loads that
cause stresses less than the static flexural strength of the con-
crete. The U.S. Army Engineer Waterways Experiment Sta-
tion conducted flexural fatigue tests on laboratory specimens
compacted by external vibration to a density of approxi-
mately 98% of the theoretical air-free density. The test re-
sults indicated that both the flexural and flexural fatigue
resistance of a typical RCC mixture are comparable to those
of conventional concrete paving mixtures (Pittman and Ragan
1986). Tayabji and Okamoto (1987B) also found that the fa-
tigue behavior of beams sawn from a well-compacted RCC
test section was similar to that of conventional concrete.

The direct tensile strength or tensile bond strength of
RCC lift joints is critical in multiple-lift pavements be-
cause it determines whether the pavement will behave as a
monolithic section or as separate, partially bonded or un-
bonded lifts. The load-carrying capacity of a pavement
consisting of partially bonded or unbonded lifts is signifi-
cantly less than that of bonded lifts of equal total thickness.
For the pavement to function as a monolithic section, the
joint tensile strength should be at least 50% of the parent
concrete tensile. The joint strength for untreated cold or
construction joints is generally less than 50% of the parent
(unjointed) concrete. Cores taken from RCC test pads at
the Tooele Army Depot in Utah and tested for direct tensile
strength, however, indicated that 60 to 90% of the parent
concrete tensile strength can be achieved if the time be-
tween placement and compaction of the lifts is limited to
30 to 50 min (Hess 1988). Placing and compaction within
the time limits was achieved by using two pavers in eche-
lon. Direct shear test data from cores taken from Conley
Terminal in Boston, Mass. indicated strength development
along edges of longitudinal construction joints was approx-
imately half the strength as that of interior lane locations.*

The unconfined edge of an RCC pavement lane tends to be
incompletely compacted, particularly when compared to the
interior portions of the lane. Bond along longitudinal con-
struction joints can be improved by complete removal of
loose, uncompacted material along the edge of the lane and
by use of moisture curing immediately after placing, using a
bedding mortar along the joint, and better compaction tech-
niques. 

An important aspect in the analysis of concrete dams is the
factor of safety against sliding. The shear-friction factor of
safety, Q, is governed by the equation expression:

where C = the unit cohesion between lift joints; tanΦ = the
frictional resistance of the joint between lifts; and N, U, and
V = the normal, uplift, and shear forces, respectively. In typ-

Q CA ΣN ΣU+( ) tanΦ+
ΣV

------------------------------------------------------=

* Tayabji, S.D., 1987, Unpublished data on core testing at Conley Terminal, Boston;
ACI 325.10.R.
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ical static analysis of conventional concrete dams, monolith-
ic behavior is assumed, with full bond between lifts of
concrete. These assumptions were based on extensive testing
and evaluation of modern conventional concrete gravity
dams (U.S. Department of the Interior 1976). Cores from
RCC dams show that the assumption of 100% bond between
lifts of RCC is not realistic for all cases. At Galesville Dam,
Oregon, approximately 25% of the construction joints with-
out bedding concrete were bonded, primarily due to lack of
compaction. The degree of compaction directly affects the
compressive and tensile strength and density of the RCC. A
fully compacted lift will have significantly higher strength and
bond properties than a poorly compacted lift. In poorly com-
pacted or segregated lifts the density is generally less in the
lower one-third of the lift thickness, creating a zone of porous
concrete. At Upper Stillwater Dam, the cohesion of cores
with voids at the lift line interface was 56% lower than cores
with full consolidation at the lift line (Drahushak-Crow and
Dolen 1988). Tests performed by the Portland Cement As-
sociation show a direct relationship between density and
strength (Tayabji and Okamoto 1987A). Concern for stabil-
ity can also arise from uncontrolled, poor compaction at the
foundation. A bedding of fresh concrete, approximately 50 mm
(2 in.) deep, should be placed on the foundation rock and the
RCC compacted into it to ensure a bonded contact (Arnold
and Johnson 1987). 

Tensile stresses can develop along lift lines in RCC dams
under dynamic loading conditions. Poor compaction, segre-
gation, poor curing, or excessive time before placing the next
lift tend to decrease the tensile bond between successive
RCC lifts. Where tensile strength is required between lifts,
either a high paste RCC mixture, or using a bedding mortar
or concrete between lifts, has achieved satisfactory results
(Tayabji and Okomoto 1988A).

 3.3—Watertightness
Seepage water flowing through poorly compacted zones of

RCC is undesirable. Seepage can saturate the concrete and
result in poor resistance to freezing and thawing in severe cli-
mates (Dolen 1990). At both Willow Creek Dam and Gales-
ville Dam in Oregon, the products of degradation of organic
matter in the reservoir entered into the gallery through cracks
and seepage through low-density lift lines producing low
concentrations of hydrogen sulfide gas (U.S. Department of
the Interior 1986). This condition required ventilation before
entering the gallery and has corroded steel embedments. 

Although localized seepage does not pose a threat to the
safety of RCC dams, it is aesthetically unpleasing. Seepage
is usually collected and returned to the stream or river chan-
nel. Watertightness can be ensured by having a mixture con-
sistency suitable for compaction, by avoiding segregation,
and by achieving uniform density of the lift from top to bot-
tom through adequate compaction.

3.4—Durability
The resistance of RCC pavement to freezing and thawing,

like that of conventional pavement, is largely dependent on
the existence of a proper air-void system within the concrete.
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