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APPENDI X A
1. Application. Procedures and criteria described herein are

applicable to the design and construction of roller-conpacted
concrete (RCC) pavenent.

2. Conversion Factors. The non-SlI units of measurenent used in
this report can be converted to netric units as foll ows:

Multiply By To Obtain

cubic yards 0.7645549 cubic meters

feet 0.3048 meters

inches 25.4 millimeters

pounds (mass) per cubic yard 144.16614 kilograms per cubic meter
square yards 0.8361274 square meters

pounds 0.4535924 kilograms

tons per hour 907.1847 kilograms per hour
pounds (force) per cubic inch 6.894757 kilopascals

The equivalent netric size of the wire—loth sieves given in
non—Sl units are as foll ows:

Sieve S1 Equivalent
1 in. 25.0 mm
3/4 in. 19.0 mm
¥% in. 12.5 mm
3/8 in. 9.5 mm
No. 4 4.75 mm
No. 8 2.36 mm
No. 16 1.18 mm
No. 30 800 um
No. 50 300 um
No. 100 150 um
No. 200 75 um
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3. Ceneral. Roller-conpacted concrete pavenents are the product
of a relatively new concrete paving process that involves | aydown
and conpaction of a no-slunp portland cenent concrete m xture
using techniques simlar to that used for asphaltic concrete
pavenent. RCC pavenent does not originate froman entirely

uni que pavi ng technique or material, because it conbi nes the

exi sting asphaltic concrete paving and/or cenent-treated base
construction procedures wth the final product of a portland
cenment concrete pavenent. By using this construction technique,
a |l arge anount of concrete may be placed quickly with no forns,
dowels, or reinforcing steel. Construction cost savings of 10 to
30 percent, or even nore, of the cost of slip-forned or fixed-
formed concrete pavenents have been realized (Table 1). The
surface snoot hness and surface texture of RCC pavenent is
somewhat rougher and coarser than conventional concrete pavenent
and this has tended to limt RCC pavenent applications to areas
where | ow speed, heavy-load traffic is the primary user of the
pavenent .

a. O her nonpavenent applications that enploy a simlar
construction nmethod include sl ope protection of enbanknent or
dans, providing an inperneable Iining for sludge-drying basins or
wast e wat er | agoons, platfornms for handling containerized
freight, for recycling yards, for conposting yards, for |og
sorting yards, for mne storage areas, etc.

b. The typical RCC pavenent construction process is
illustrated in Figure 1. RCCis typically mxed in a
continuously-m xing pugml||l plant (1) |ocated near the paving
site. 1In the plant, the aggregates, cenent, and flyash are
wei ghed with belt scales or volunetrically proportioned on a
conti nuous conveyer belt, which dunps the dry materials in the
pugm |, where the water is added. The pugm || provides the
vi gorous m xi ng action necessary to evenly distribute the
relatively small amount of water through-out the relatively
stiff, no-slunp concrete m xture. The freshly m xed RCC is then
di scharged into dunp trucks equi pped with protective covers,
whi ch haul the RCC to the paving site (2).

c. At the paving site, the base course material is graded
and conpacted (3) to forma snooth, firmworking platformfor the
RCC pavenent. The surface of the base course is noistened with
wat er just before the RCCis placed (4), and stringlines are set
up along the paving |anes to guide the height of the paving
screed during placenent (5). The RCCis placed with a paving
machine to a uniformdensity and snoot hness (6). |Imediately
after placenent, the fresh RCCis conpacted with several passes
of a dual-drumvibratory roller to the specified final densities

(7).
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After the conpaction is conpleted, several passes of a
rubber-tired roller are made to tighten the surface texture of
the pavenent (8). |In sonme instances, finish rolling with steel-
drumrollers may be required to renove roller marks. Wen the
rubber-tire rolling is conpleted, the surface of the RCC is kept
nmoi st by the use of water trucks equi pped with fogger-spray bars
(9), until an irrigation sprinkler systemcan be set up, usually
by the end of the day (10). The sprinkler systemis used to keep
the surface of the RCC pavenent continuously noist for the
duration of the curing period, usually 7 days (although 14 days
is always better). Menbrane-formng curing conpounds and asphalt
enul si ons have al so been used successfully.

d. Cold joints are construction joints fornmed between paving
| anes placed nore than 1 hour apart and al ways between two
separate days' paving. Perpendicular cold joints (11) are forned
bet ween | anes pl aced perpendi cul ar to each other; |ongitudinal
cold joints (12) are oriented in the direction of paving, and
transverse cold joints (13) are | ocated perpendicular to the
direction of paving, between |anes oriented in the sanme
direction. Transverse cold joints are constructed by saw ng
across the ends of the paving | anes which have been rounded off
fromrolling and renoving the excess material. Finally,
transverse contraction joints may be cut with a concrete saw (14)
within 4 to 20 hours after the RCC is placed and conpact ed.

Hi storically, the standard practice has been to allow the RCC
pavenent to crack; however, current practice is to saw cut
contraction joints to inprove pavenent aesthetics and ease the
application and nmai ntenance of joint seal ants.

4. Subgrade and Base Coarse Preparation. The subgrade and base
course requirenents for RCC pavenent are essentially the sane as
t hose for conventional concrete pavenent. They should conformto
the requirenents outlined in TM 5-822-5/ AFM 88-7, Chapter 1, or
TM 5- 825- 3/ AFM 88- 6, Chapter 3. The subgrade and base course
shoul d al so neet the requirenents given in ETL 1110-3-435. The
subgrade and base course should be prepared to ensure sufficient
support to permt uniform consolidation of the RCC pavenent
through its entire thickness upon conpaction.

5. Selection of Materials.

a. Aggregates. As with other types of concrete, selection
of a suitable aggregate source is one of the nost inportant
factors in determning the quality and econony of RCC

(1) The aggregates used shoul d generally neet the
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requi renents given in ASTM C 33. The recommended RCC gradati on
is showm in Figure 2. This gradation is simlar to gradations
used for asphalt concrete. This gradation should produce an RCC
pavenent surface with relatively few surface voids. Conventiona
portland cenment concrete m xtures are generally obtained by

conbi ning coarse and fine groups of aggregates. The well-graded
bl end of aggregates given in Figure 2 may be difficult to produce
fromtwo groups due to problens with segregation of the different
si zed aggregate particles. Wen possible, the use of nore than
two aggregate groups (coarse and fine) at the plant wll provide
for nore flexibility in blending the aggregates to control the
gradati on of the RCC.

(2) Aggregate can be classified into two size groups, coarse
and fine. The coarse aggregate consists of at |east 90 percent
by wei ght retained on the No. 4 sieve and the fine aggregate
consists of at |east 90 percent by weight passing the No. 4
sieve. Aggregate for RCC should be evaluated for quality and
gradi ng, and should generally conply with the provisions outlined
in TM 5-822-7/ AFM 88- 6, Chapter 8, Paragraph 5, and CEGS 02520
Par agr aph AGGREGATES. The coarse aggregate may consi st of
crushed or uncrushed gravel, recycled concrete, crushed stone, or
a conbination thereof. Local state highway departnment coarse
aggregate grading limts, for exanple, should generally be
acceptable. A primary consideration should be that, regardless
of the grading limts inposed, the grading of the aggregate
delivered to the project site be relatively consistent throughout
the production of RCC. This is an inportant factor in
mai ntai ning control of the workability of the concrete m xture.
The nom nal maxi mum aggregate size normally should not exceed
3/4 in., particularly if pavenent surface texture is
inportant. Limting the nom nal maxi num aggregate size to 3/4 of
an in. or less usually results in | ess segregation of the coarse
aggregate fromthe m x, and rock pockets are less likely to
occur. The fine aggregate may consi st of natural sand,
manuf act ured sand, or a conbination of the two. Sands with
hi gher quantities of nonplastic silt particles may be beneficial
as a mneral filler and may all ow sone reduction in the anmount of
cenment required. However, mxtures nmade with fine aggregates
havi ng an excessi ve anount of clay may have a hi gh water demand
wi th attendant shrinkage, cracking and reduced strength.

Determ nation of the specific gravity and absorption of these
sands with high quantities of fines should be nmade according to
ASTM C 128, Note 3. Expedient construction with RCC can utilize
mnimally processed aggregates such as pit- or quarry-run
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aggregates to produce an RCC pavenent. This RCC pavenent may
require a greater water content, be |ess durable, and have a
| oner flexible strength.

b. Cenent. The portland cenent investigated for use shall
meet the requirenents of ASTM C 150. The use of Type IIIl, or
"high early strength" cenment will al nost never be justified or
practical for use in RCC due to shortened working tinmes with this
cenent .

c. Adm xtures. A proper air-void systemnormally nust be
provided to prevent frost damage in concrete which freezes when
critically saturated. Research indicates that air-entrai ned RCC
pavenent m xtures can be successfully produced in the
| aboratory, however, field production and placenent have only
been tried on a very limted basis. The nost w dely used nethod
to mnimze freezing and thawi ng damage to RCC pavenent is to
conbine a | ow water-cenent ratio with a highly conpacted RCC
The | ow water-cenment rati o and good conpaction ensure that the
concrete has a m ni mum anount of freezable water in the
capillaries and that it has |low perneability. This nmakes it
difficult for sufficient water to enter the RCC and for it to
reach critical saturation. A free-draining base under the RCC
pavenment will further prevent water from saturating the RCC
pavenent. As |long as the RCC pavenent is not critically
saturated, it will not be damaged by freezing and thaw ng.
Laboratory studies have al so shown that water-reducing or
retardi ng adm xtures may be used successfully with RCC. However,
they may not be as effective in RCC as in conventional concrete
because they effect the paste content of the m xture. The anount
of paste is less in RCC than in conventional PCC m xtures. |If
the use of these adm xtures is proposed, such use should be based
on investigations which show themto produce benefits greater
than their cost.

6. Proportioni ng Methods.

a. Ceneral. The basic m xture proportioning procedures and
properties of conventional concrete and RCC are essentially the
sanme. However, conventional concrete cannot be reproportioned
for use as RCC by any single action such as (1) altering
proportions of the nortar and concrete aggregates, (2) reducing
the water content, (3) changing the water-cenent ratio, or
(4) increasing the fine aggregate content. D fferences in
m xture proportioning procedures and properties are mainly due to
the relatively dry consistency of the fresh RCC and the sel ected
use of nonconventionally graded aggregates and conpacti on
procedures. The primary differences in the properties of RCC are
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(1) RCC often is not air entrained, (2) RCC has a | ower water
content, (3) RCC has a | ower paste content, and (4) RCC generally
requires a higher fine aggregate content. Table 2 provides the
RCC pavenent m xture proportions used at various |ocations. A
nunber of methods have been used to proportion RCC pavenent

m xtures, including those found in CRD-C 161, ASTM D 558,

EM 1110- 2- 2006, ACI 211.3, and ACI 207.5R.The first two of
these nethods treat the material as a cenent stabilized soi

rather than a concrete and establish a relationship between

nmoi sture and density obtained froma particular conpactive
effort. The latter three nethods foll ow an approach used in
conventional concrete. Currently, CRD-C 161 is the nethod
recomended for RCC pavenent m x design. The procedures for RCC
pavenment m xture proportioning are not as well defined as for
conventional concrete, as evidenced by the five different nethods
being used to obtain the m xtures. The key to the successful
selection of a trial batch of RCCin the |laboratory that is close
to that which perforns best in the field is the experience of

t he one conducting the proportioning study. For this reason,
CEGS 02520 requires that the governnment be responsible for the
selection of mxture proportions for mlitary pavenent projects.

b. CRD-C 161 Method. This nethod was devel oped at WES and
covers procedures for selecting proportions for roller RCC
pavenment m xtures with normal -weight 3/4 in. nom nal maxi mum si ze
aggregates and having a workability suitable for placenent with
asphalt pavi ng machi nes having vibratory screeds. Selection of
RCC pavenent m xture proportions should be based on test data or
experience wwth the materials actually to be used. Were such
data or experience are limted or not avail able, estimates given
in this practice provide a first approximation for air-entrained
or nonair-entrai ned RCC pavenent m xture proportions. These
proportions should be checked by trial batches in the |aboratory
or field and adjusted, as necessary, to produce the desired RCC
characteristics.

c. ASTM D 558 Method. WES and other Corps | aboratories have
used a proportioning nmethod simlar to ASTM D 558 for RCC
pavenent m xtures. Such a nmethod woul d produce the opti mum
noi sture content necessary to obtain maxi numdensity for a
particul ar set of materials and conpaction procedures. Previous
experience indicates that the opti num noi sture content obtained
by Method 100 (CE 55) of ML-STD-621 is usually close to that
required to allow efficient operation of a vibratory roller.

d. AC 207.5R Method. The U.S. Arny Engi neer \Waterways
Experinent Station (WES) has used the nethod described in
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ACI 207.5R, with sonme nodification, on sone RCC pavenent m xture
proportioning studies (further information on this procedure

may be obtained at CEWES- GP-SC, 3909 Halls Ferry Road, Vicksburg,
M5, 39180-6199). The primary consideration when using this

met hod is proper selection of the ratio (PY) of the air-free

vol unme of paste (W) to the air free nortar (V"W). This selection
is based primarily on the grading and the particle shape of the
fine aggregate. The P’ affects both the conpatibility of the

m xture and the resulting surface texture of the pavenent.

Ratios of 0.36 to 0.41 have been found to be satisfactory for

m xtures having a nom nal maxi mum si ze aggregate of 3/4 in. The
fraction of the fine aggregate passing the No. 200 sieve should
be included in v~ when cal cul ati ons are nade using P

7. Mxture Properties.

a. Handling Characteristics. The workability of RCC is that
property which determnes its capacity to be m xed, placed, and
conpacted successfully. It enbodies the concepts of conpatibility
and to sone degree noldability and cohesiveness. RCCis affected
by the sane factors that affect the workability of conventi onal
concrete, i.e., the grading, particle shape, and proportion of
the aggregate; the cenentitious material content of the m xture;
and the presence of chemcal and mneral adm xtures in the
m xture. However, the magnitude of the effect on each factor
w Il not necessarily be the sane for RCC as for conventi onal
concrete. Wen placing RCC or conventional concrete the
consi stency of the mxture is very inportant. The slunp test is
used to neasure the consistency of conventional concrete. The
slunp test is not meaningful for RCC since it has no sl unp.
Prelimnary judgenent of the workability, placability, and
conpatibility of RCC pavenent m xtures should be made during
m xture proportioning studies by determ ning the optinum noi sture
content using soil conpaction concepts. The soil conpaction
procedures described in CRD-C 161, Paragraphs 7.1 through 7.6
shoul d be used to determ ne the optinmum noi sture content of an
RCC m xture. Experience with RCC pavenent m xtures, as well as
ot her soil or aggregate cenent stabilized materials, placed in
the field indicates that the actual RCC water content used nmay
need to be slightly greater than the opti mum noi sture content
determ ned for the mxture. This is probably due to the | oss of
water fromthe m xture due to evaporation during transport and
pl acement operations or to different conpaction in the field. The
degree to which the water content of the mxture will vary
depends on anbient conditions. Typically, the noisture increase
will be 0.1 to 0.5 percent above the optimum A test section
shoul d be constructed for each RCC project so that the m xture
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proportions can be adjusted as necessary to achieve the required
wor kabi lity.

b. Sanple Fabrication. The strength of an RCC m xture is
controlled primarily by the water-cenent ratio and the degree of
conpaction attained. Al RCC pavenent m xtures placed by the
Corps of Engineers to date have had water-cenent ratios ranging
from0.30 to 0.40. The fabrication of cylindrical |aboratory
test specinens for strength determ nations can be nade with
ASTM C 1176 or CRD-C 160. No procedure has been standardi zed for
fabricati ng RCC beam speci nens such as those used to determ ne
concrete flexural strength. However, as described in CRD-C 161
sonme success has been achieved by filling beamnolds in
two | ayers. Each |ayer is consolidated by vibrating each |ayer on
a vibrating table having a frequency of 3,600 vibrations per
m nute, under a surcharge of 125 pounds (57 kilograms). The
surcharge is uniformy distributed over the entire specinen area
during nol ding, and vibration continued until a ring of nortar
forms around the conplete periphery of the nold. Al specinens
fabricated in the |laboratory are to be cured according to ASTM C
192.

c. Strength Results. Test specinens fabricated and cured in
the | aboratory generally exhibit higher strengths than those
cored or sawn froman RCC pavenent. This is probably due to the
hi gher unit weights normally obtained with the fabricated
speci nens and the nore efficient |aboratory npist curing.
Laboratory test specinens generally have unit weights which are
98 to 99 percent of the theoretical (air-free) weight of the
m xture, while core sanples taken from RCC pavenent nornally have
unit weights ranging from95 to 98 percent of the theoretical
wei ght. Therefore, fabrication of a conpanion set of test
speci nens having the | owest relative density allowed by the
contract speci nens should be considered during | aboratory m xture
proportioning studies.

8. Consi derations.

a. GCeneral. The thickness design procedure for RCC pavenent
is outlined in Arnmy ETL 1110-1-141. The primary difference in
t he approaches to RCC pavenent and plain concrete pavenent
t hi ckness design is the assunption of no |oad transfer at any
joint or crack in the RCC pavenent. Limted |load transfer tests
conducted at Ft. Hood, TX, and Ft. Stewart, GA, reveal ed average
| oad transfer at transverse contraction cracks of 16 to 19
percent. The |load transfer at |ongitudinal and construction
joints will be lower and all were |less than the 25 percent used
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for plain concrete pavenent design for parking areas, open
storage areas, and airfields. placenent of RCC pavenent

i mredi ately adj acent to existing structure is not practical.
Conventional fornmed concrete should be used between the structure
and the RCC pavenent. The RCC pavenent can be placed first and
cut back to the desired line or the RCC can be placed against the
previ ously placed fornmed concrete.

b. Lift Thickness. The maxi mumthickness of a lift of RCC
pavenent is governed by the ability of the pavers to place the
concrete in a snooth and continuous fashion. This maxi num
unconpacted thickness is usually 10 in. (250 mm). The conpacted
t hi ckness will be 10 to 20 percent |less than this, depending on
t he degree of conpaction obtained. The m ni num conpacted
t hi ckness of any |ift should be 4 in. (100 mm).

c. Two-lift Construction. |If the total unconpacted
t hi ckness exceeds the capacity of the paver, the RCC pavenent
shoul d be placed in two or nore lifts, thus creating a horizontal
joint (or horizontal plane between the layers) in the pavenent.
Sufficient bond should develop at the horizontal joint in RCC
pavenent if the underlying RCCis fresh. The time franme involved
with this can vary fromjust a few mnutes to 30 m nutes
dependi ng on anbient conditions. |If the top lift is not placed
while the bottomlift is fresh, CEGS 02520 requires that a | ayer
of bonding nortar nust first be applied. The surface of the
lower lift should be kept noist and clean until the upper lift is
pl aced, and the upper |ift should be placed and conpacted within
the tinme franme all owed by existing anmbient conditions. In two-
lift construction, the unconpacted thickness of the first lift
shoul d be about two-thirds the total unconpacted hei ght of the
pavenent (or the maximumlift thickness the paver can handl e,
whi chever is smaller). The thinner section in the upper |ift
aids in creating a snoother final surface, and because of the
smal | er volune of material, allows the paver placing the second
l[ift to nove quicker than, and follow cl oser behind the paver
placing the first lift.

9. Test Section.

a. Ceneral. A test section nust be constructed to determ ne
the ability of the contractor to m x, haul, place, conpact, and
cure RCC pavenent. The test section nust be constructed of the
sanme material using the sane equipnent that is intended to be
used in production placenent. The test section nust be
constructed at a location near the jobsite at |east 10 days prior
to the construction of the RCC pavenent. The test section should
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be | arge enough to establish the rolling pattern for the
vibratory and finish rollers, the correlation between | aboratory
and nucl ear gage densities, and the correlation between the
nunber of passes and relative density. The test section should
contain both longitudinal and transverse cold joints, and a fresh
joint. A suggested minimumsize is two 12 to 14 ft wde |anes (4
meters), each 375 ft (115 nmeters) long, with one and one-half

| anes placed the first day and the rest placed the next day (see
Fi gure 3).

b. Optimm Nunber of Rolling Passes. During the test
section construction, a nuclear gage operated in the direct
transm ssi on node and standardi zed with a calibration bl ock
shoul d be used to determ ne the opti mum nunber of passes with the
vibratory roller to reach maxi num density. The density shoul d be
measured by inserting the nucl ear gage probe into the sane hole
after each pass of the vibratory roller. The hole should be nmade
with an instrunment specifically designed for the purpose, and
shoul d be formed using the sanme nethod throughout the test
section and main construction. This rolling and measuring
procedure should be continued until there is less than a
1 percent change in successive readings. These data may be used
in conjunction with correl ati on between the nucl ear gage and the
| aboratory density to determ ne the m ni num nunber of passes
needed to achieve or slightly exceed the specified density during
t he pavenent construction. However, a m ninmum of four vibratory
passes should be used, and this mninumw || probably prevail in
nost cases.

c. Calibration Block for the Nuclear Density Gauge. A
calibration bl ock should be used each day before paving begins to
calibrate the full-depth readings of the nuclear density gages.
The bl ock should be fabricated, fromthe RCC m xture to be used
in the project, before the test section construction begins. The
bl ock size should be 18 in. by 18 in. (450 mm by 450 nm by the
maxi mum t hi ckness of one lift, plus 1 in. (25 mm. The bl ock
shoul d be conpacted to between 98 and 100 percent of the maximm
wet density determned in accordance with ASTM D 1557. The bl ock
shoul d be neasured and wei ghed to determ ne the actual density
(unit weight) and shall be used to check the calibration of the
nucl ear density gauge. After drilling a hole in the block to
accommodat e the nucl ear density gage probe, three full-depth
nucl ear density gauge tests should be perfornmed in the direct
transm ssion node and the results averaged. This average nucl ear
density gauge readi ng should then be conpared with the neasured
unit weight of the block and the difference used as a correction
factor for all readings taken that day. |If the adjusted nuclear
gauge density is less than the specified density, additional
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passes with the vibratory roller should be nade on the fresh RCC
until the specified density is reached. Two nucl ear density
gauges shoul d be calibrated (using the sane holes) during the
test section construction, so that an extra one is avail able
during construction.

d. Strength Tests. CEGS 02520 does not require strength
testing for quality control or quality assurance of the in-situ
RCC pavenent. However, the pavenent strength shoul d be

determ ned from sanpl es obtained fromthe test section. The
testing should determne the flexural and splitting tensile
strength of the RCC pavenent. |If the design strength

requi renents are not nmet, the m x proportions should be adjusted
(or the conpaction procedure or curing altered, and another test
section built), until the strength results are satisfactory.

10. Batching. Mxing. and Transporting. RCC requires a vigorous
m xi ng action to disperse the relatively small anount of water
evenly throughout the matrix. This action has been best achieved
by using a twin-shaft pugm Il mxer as is comonly used in
asphalt concrete m xing. RCC may be produced successfully in
either a continuous-m xing or a batch-type plant. The

conti nuous-m xing plant is recommended for m xi ng RCC because it
is easier to transport to the site, takes less tine to set up,
and has a greater output (or production) capacity than the
batch-type plant. The batch-type plant allows nore accurate
control over the proportions of material in each batch, but
general |y does not have enough out put capacity for |arger paving
jobs. The nost wi dely used and recommended equi pnent is a
continuous plant with weigh controls (belt scales) for the
materials. The output of the plant should be such that the
snoot h, conti nuous operation of the paver(s) is not interrupted.
Cenerally, for all but the smaller jobs (1,000 square yards or
meters or smaller), the capacity of the plant should be no |ess
t han 250 tons per hour (230,000 kil ogranms per hour). The output
of the plant should match the | aydown capacity of the paver(s)
and the rollers. The plant should be | ocated as cl ose as
possible to the paving site, but in no case should the haul tinme
bet ween the batch plant and the paver(s) exceed 15 mnutes. The
RCC shoul d be hauled fromthe m xer to the paver(s) in dunp
trucks. These trucks should be equi pped with protective covers
to guard agai nst adverse environnental effects on the RCC, such
as rain, or extrene cold or heat. The truck should dunp the
concrete directly into the paver hopper.

11. Placing. For nost pavenent applications, RCC should be
pl aced with a paving machi ne. The paver shoul d be equi pped
w th automatic grade-control devices such as a traveling ski or
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el ectronic stringline grade-control device. Satisfactory

per f ormance has been obtained using nodified asphalt type pavers
having a vibratory screed and at | east one tanping bar. These
machi nes have provided a satisfactory surface texture and sone
initial conpaction when the RCC is placed. Necessary adjustnents
on the paver to handle the RCC include enlarging the feeding
gates between the feed hopper and the screed to acconmopdate the

| arge volunme of stiff material noving through the paver, and

adj usting the spreading screws in front of the screed to insure
that the RCCis spread uniformy across the wdth of the paving

| ane. Care should be taken to keep the paver hopper from
becom ng enpty to prevent any gaps or other discontinuities from
formng in the pavenent. The concrete should be placed and
conpacted within 45 mnutes after water has been added to the
bat ch. When pavi ng adj acent | anes, the new concrete should be

pl aced within 60 m nutes of placing the first lane to forma
fresh joint. This time may have to be reduced dependi ng on

anbi ent conditions. |If these tine restraints can not be net then
a cold joint is fornmed. The height of the screed should be set
even with the unconpacted height of the adjacent |ane, thus

al l ow ng si nul taneous conpaction of the edges of the adjacent
lanes into a fresh joint. Two or nore pavers operating in
echel on may reduce the nunber of cold joints by one half or
greater, and are especially recomended in road construction
where the entire wwdth of the road can be placed at the sane
tinme.

12. Conpacti on.

a. GCeneral. RCC pavenent has generally been conpacted with
a dual -drum (10 ton static weight) vibratory roller making four
or nore passes over the surface to achieve the design density
(one back-and-forth notion is two passes). The primary
conpaction should be followed with two or nore passes of a 20 to
30 ton rubber-tired roller. This serves to tighten the surface
texture by closing the small voids and fissures left by the
vibratory rolling process. The use of a static (nonvibratory)
dual drumroller may be required to renove any roller marks |eft
by the vibratory or rubber-tired roller. A single-drum (10 ton)
vibratory roller has been used successfully to conpact RCC
pavenent, but may require the use of a rubber-tired or dual -drum
static roller to renove tire marks

b. Proper Tine for Rolling. The consistency of the RCC when
pl aced should be such that it may be conpacted i medi ately behi nd
t he paver w thout undue displacenent of the RCC pavenent surface.
If rolling has to be del ayed, the cause should be investigated
and the problemcorrected. |In no case should nore
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than 10 m nutes pass between placenent and the begi nning of the
rolling procedure. The rolling should be conpleted wthin 45
mnutes of the tinme the water was added at the mxing plant. A
good indication that the RCC is ready for conpaction is obtained
by observing the displacenent of the surface after tw static
passes with the 10 ton vibratory roller. A mxture that is too
wet may appear "rubbery" under the roller, or even spread to form
a deep rut after two passes. A mxture that is too dry wll
hardly consolidate at all under the first passes. |In either
case, only mnor changes in the design water content should be
made at the plant to correct the problem otherw se, a new m X
design may be needed. Wth practice, the roller operator should
be able to tell whether the consistency of the RCCis
satisfactory for conpaction.

c. Rolling Pattern. After making two static passes over the
entire surface (except the joint), the vibratory roller should
make four passes on the RCC pavenent using the foll ow ng pattern:
two passes on the exterior edge of the first paving | ane (the
perineter of the parking area or the edge of a road) so that the
rolling wheel extends over the edge of the pavenent 1 to 2 in.
(25 to 50 mm (done to confine the RCC to hel p prevent excessive
| at eral displacenent of the |ane upon further rolling), followed
by two passes within 12 to 18 in. (300 to 500 mm of the interior
edge (Figure 4). The unconpacted edge may then be used to set
the height of the paver screed when placing the adjacent |ane,
and allows both |anes of the fresh joint to be conpacted
si mul taneously. Any renmai ni ng unconpacted material in the center
of the lane should be conpacted with two passes of the roller.
This pattern should be repeated once to nmake a total of four
passes on the lane (or nore if the specified density is not
achieved). |If the interior edge wll be used to forma cold
joint, it should be rolled exactly as the exterior edge was
rolled, taking care to maintain a |l evel surface at the joint and
not round the edge (see Figure 5(1)). Wen the adjacent lane is
pl aced, two passes should be made about 12 to 18 in. (300 to 500
mm fromthe outer edge of the lane (again, to confine the
concrete), followed by two passes on the fresh joint (Figure 4).
The first two passes should extend 1 to 2 in. (25 to 50 nm over
the outer edge of this lane if the lane wll forman outer edge
of the conpl eted pavenent. Any renai ning unconpacted material in
the | ane shoul d be conpacted wth two passes of the roller. This
pattern should be repeated to make a total of four passes over
the RCC pavenent. Additional passes may be necessary al ong the
fresh joint to insure snoothness and density across the joint
(see Figure 4).

d. Conpacting the End of a Lane. Wen the end of a lane is
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reached, the roller should roll of f the end of the |lane creating
a rounded ranp. The recommended procedure is to cut the ranp
with a power saw full-depth to forma vertical face. This wll

el imnate hand work and | essen the possibility of danage to the

i n-place RCC pavenent. Another nethod is to saw the concrete to
at | east one-half the depth of the pavenent. Then the | ower
portion of the joint should be trimred by hand to forma nearly
vertical face, clean fromdebris and | oose particles.

e. Proper Roller Operation. During the course of the
vi bratory conpaction, the roller should never stop on the
pavenent with the vibrator on. Instead, the vibrator should be
turned on only after the roller is in notion and should be turned
of f several feet before the roller stops noving. The stopping
poi nts of successive rolling passes should be staggered to avoid
form ng depressions in the fresh pavenent surface. The roller
shoul d be operated at the proper speed, anplitude, and frequency
to achi eve opti mum conpacti on. Experience has shown that the
best conpaction will probably occur at a high anplitude and | ow
frequency (because of the thick lifts) and a speed not exceedi ng
1.5 mles per hour. A low anplitude/high frequency conbi nation
may be necessary if the surface is disturbed during the high
anplitude rolling.

f. Finish Rolling. The vibratory conpaction should be
followed inmmediately with two or nore passes of the rubber-tired
roller so that the surface voids and fissures close to forma
tight surface texture. This rolling may be followed by a Iight
dual -drumroller to renove any roller marks on the surface, but
this will probably not be necessary. It is very inportant that
all exposed surfaces of the RCC pavenent be kept npbist with a
light water spray after the rolling process until curing is
started.

13. Cold Joints.

a. GCeneral. A cold joint in RCC pavenent is sonewhat
anal ogous to a construction joint in conventional concrete
pavenent. It is forned between two adjacent |anes of RCC when

the first | ane has hardened to such an extent that the
unconpact ed edge cannot be consolidated with the fresher second

| ane. This happens when there is sone tinme del ay between

pl acenment of adjacent | anes such as at the end of the days
construction. This hardening normally takes approximtely 1 hour
dependi ng on properties of the concrete and environnental
conditions. The adjacent |ane should be placed against the first
| ane and be conpacted within this tinme frame. Oherw se, the
joint between the two | anes shoul d be considered a cold joint.
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b. Cold Joint Construction. Before placing fresh concrete
agai nst hardened in-place pavenent to forma | ongitudinal cold
joint, the edge of the in-place pavenent should be cut with a
power concrete saw. As discussed in paragraph 12.d., the
recommended procedure is to saw full-depth with a power concrete
saw to forma vertical face. This will elimnate hand work and
| essen the possibility of damage to the in-place pavenent.

Anot her nmethod is to saw to at |east one-half the depth of the
pavenent. Then the | ower unsawed portion of the joint should be
trimmed by hand to forma nearly vertical face, clean of debris
and | oose particles. Care should be taken to avoid undercutting
of the pavenent edge. This vertical face should be danpened
before the placenent of the fresh |ane begins. The height of the
screed should be set to a sufficient elevation to conpensate for
the reduction in thickness due to conpaction. The screed shoul d
overlap the edge of the hardened concrete surface 1 to 3 in. (25
to 75 mm). The excess fresh concrete should be pushed back to
the edge of the fresh concrete with rakes or lutes and rounded
off so that no fresh material is left on the surface of the
hardened concrete before conpacting the joint. The | oose

mat eri al shoul d not be broadcast over the area to be conpacted,;
this may | eave a rough surface texture after rolling. The edge
of the fresh |l ane adjacent to the hardened concrete shoul d be
rolled first in the static node, with about 1 ft (300 mm) of the
roller on the fresh concrete, to forma snooth |ongitudinal joint
(see Figure 5). Transverse cold joints are constructed in a
simlar manner. After cutting back the rounded-off edge and
wetting the vertical face, the paver is backed into place and the
screed set to the proper elevation using shinms sitting on top of
t he hardened concrete. The excess material should be pushed back
as nentioned before, and a static pass nmade in the transverse
direction across the first 1 ft (300 nmm) of the freshly placed

| ane. The joint should be carefully rolled to insure a snooth
surface transition across the joint.

c. Sawing of Contraction Joints. RCC pavenent has been
allowed to crack naturally in many previous projects to save the
cost of sawing joints. However, this has probably resulted in
| arger crack openings, increased raveling, and higher maintenance
costs than if cracking was controlled. Contraction joints may be
sawn in RCC pavenent to induce controlled crack formation. The
weakened pl ane should be sawn at | east one-fourth the slab depth
using a 1/8 in. (3 nmm blade. Sawi ng of joints can commence when
the concrete strength is sufficient to enable the saw to cut
t hrough the concrete with a m ninum of spalling, tearing, or
aggregate pullouts. The use of special green-cut saws which
penetrate the pavenent surface to only a depth of about 1 in.

(25 mm) have been shown to be effective on at |east one RCC
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paving project. The tinme of sawing is very inportant and usually
ranges from4 to 20 hrs after conpaction, dependi ng on weat her
conditions and other factors. To date, sawn transverse
contraction joints in RCC pavenent have typically been spaced
from30 to 60 ft (9 to 18 neters). These spacings nmay vary with
different materials and thicker pavenents, so optinmum contraction
joint spacing should be determ ned during test section
construction. Local service records may al so be hel pful in
establishing a joint spacing that will effectively control
transverse cracking. Joint spacing greater than 40 ft (12
nmeters) should never be used w thout backup data.

d. Sealing Joints and Cracks. Rigid pavenents that do not
recei ve adequate joint and crack seal maintenance will rapidly
deteriorate due to the intrusion of water and inconpressible
materials that mgrate through and into the pavenent joints and
cracks. Inconpressible materials | odge between the individual
pavenent sl abs and parts of slabs restricting novenent that
all ows for expansion and contraction. This restriction of
novenent causes spalling and cracking al ong the edges of the
joints and cracks and can result in breakage and bl omup of entire
sl abs. Water in the subgrade material causes a mgration of
fines that eventually results in |loss of support under the edge
of the pavenent slab. Preparation and sealing of joints and
cracks in RCC pavenent should be done in accordance with
CEGS- 02580.

e. Load-Transfer Devices. The stiff consistency of RCC does
not lend itself to application of |oad-transfer devices such as
dowel s or keyed joints. Until an efficient nmethod is devel oped
to insert and align dowels properly in RCC, the use of dowels
shoul d be limted.

f. Mertical Joints in Two Lift Construction. In two lift
construction, care should be taken to align the transverse and
longitudinal joints in the upper and lower lifts to forma
uni form vertical face through the depth of the pavenent al ong
the joint. |If the edge of the upper lift is not even with the
edge of the lower lift, the lower |ift should be cut back even
with the edge of the upper lift (Figure 6).

14. Curing.

a. GCeneral. The relatively rough or open surface texture of
t he conpacted RCC pavenent will tend to dry very quickly. To
prevent this noist curing has been commonly recommended to
prevent drying and scaling of the RCC pavenent surface. For
noi st curing, the pavenent surface should be kept continuously
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nmoi st after final rolling for at | east 7 days by neans of a water
spray truck, sprinkler (fog spray) system wet burlap, or cotton
mat covering. |If burlap mats are used, they should be thoroughly
wetted, placed on the RCC pavenent so that the entire surface and
exposed edges are covered, and kept continuously wet. An
irrigation sprinkler systemhas been used to cure RCC pavenent on
sone projects, but caution should be exercised so that the fines
in the surface of the RCC pavenent are not washed away by
excessive pressure, particularly in the first few hours. Curing
RCC pavenent with water can generate considerable runoff and if
not properly handl ed, can cause erosion or saturation of exposed
subgrade. Curing with nenbrane-form ng curing conpound and
asphalt enul sion applied at double the rates used on conventi onal
concrete have been used successfully.

b. Effect of Mdist Curing on Frost Resistance. Prelimnary
results of |aboratory freezing and thawi ng tests indicate that
RCC which has a sufficiently | ow water-cenment rati o and has been
nmoi st cured for an extended period tends to be nore frost-
resistant. The inproved frost resistance may be due to nore
conplete hydration resulting in a reduction in fractional volunme
of freezable water at saturation, and/or by reducing the
perneability of the RCC, making it nore difficult to saturate
under wet conditions.

c. Early Loading. All vehicular traffic should be kept off
the RCC until the end of the curing period. If it is absolutely
necessary, a water-spraying truck nay be driven onto the pavenent
before that age, but any turns nust be kept to a mnimm \Water-
spraying trucks or any other traffic should be kept to a m ni num

15. CQuality Control and Assurance.

a. Ceneral. Quality control and quality assurance
operations for RCC pavenent are outlined in CEGS 02520. The
phi | osophy behind the guide specification is a mxture of the
"howto-build" and "final product” philosophies. This type of
specification provides sone guidance to the contractor on the
construction nmethod, while outlining what is expected in terns of
density, snoothness, thickness, and surface texture. No strength
is specified because the Governnent is responsible for providing
m xture proportions that, if mxed to the proper tol erances,
conpacted to the proper density and cured properly, wll yield
the desired strength. However, strength sanples should be
obt ai ned and tested by the Governnment to insure that the desired
strength was obt ai ned.

b. Quality Control Operations. According to CEGS 02520,
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quality control operations for mlitary RCC pavenent projects are
the responsibility of the contractor. Quality control consists
of sanpling, gradation, quality, and noisture testing of
aggregates going into the concrete; checking the plant
calibration regularly; conducting noisture-density relationship
tests (ASTM D 1557) on the fresh RCC, neasuring the in-place
density and noi sture content of the RCC by using a nucl ear gage;
checki ng the snoot hness of the finished RCC with a straightedge;
taking core sanples fromthe RCC for neasurenent of density,
strength, and thickness; and, if desired, fabricating RCC
cylinders and beans.

c. Quality Assurance Qperations. Quality assurance consists
of providing the RCC m xture proportions, testing of cenentitious
materi als and aggregates for quality, and testing in-place
density, snoothness, surface texture, and thickness for
acceptance. (Quality assurance testing by the Governnent may al so
consi st of randomy duplicating any quality control test to
determne if consistent results are being obtained. Paynent is
based on the results of the quality assurance tests (density,
snoot hness, surface texture, and thickness) for each |ot, which
represents a days placenent of pavenent. |If the quality
assurance test results show deficiencies in any of these four
areas, the paynent for the lot is reduced, and the lot is
rejected if the deficiency is too great.

d. Tests at Plant. Misture content of the fine and coarse
aggregates should be determ ned daily as necessary and
appropriate changes nade in the anmount of m xing water. Washed
sieve analysis tests should nornmally be perfornmed on the conbi ned
aggregates each day at the beginning of the shift. The sanples
shoul d be taken fromthe conveyor belt before the cenent and fly
ash is added to the conbi ned aggregates. The anount of materials
passi ng the No. 100 sieve should be determ ned during this
anal ysis. \Wenever the characteristics of the m xture change or
a check on the ingredients is required, a proportioning check can
be perforned using, a washout test according to procedures in
ASTM C 685 (Para. 6.5). This test may be perforned on the
conbi ned dry ingredients on sanples taken fromthe conveyor belt
bet ween the cenent and fly ash hoppers and pugmIl. By washing
the dry ingredients over the No. 4 and No. 100 sieves and
wei ghing the material in each size category, the approximte
proportions of course aggregate, fine aggregate, cenent and fly
ash conbi ned may be determ ned and checked agai nst predeterm ned
l[imts.

e. Field Density Tests. Field density tests should be
performed on the RCC pavenent using a nuclear density gage
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operated in the direct transm ssion node according to ASTM D
2922, with the full-depth reading being used for control and
acceptance. At |least one field reading should be taken for every
100 ft (30 neters) of each paving |lane. The readings should be
taken as closely behind the rolling operation as possible. The
readi ng shoul d be adjusted using the correlation determned in
the test section construction and checked agai nst a specified
density. Areas that indicate a deficient density should be
rolled again with the vibratory roller until the specified
density is achieved.

f. CObtaining Core Sanples. The acceptance criteria for the
t hi ckness of the RCC pavenent shall be based on appropriate tests
conducted on cores taken fromthe pavenent. Cores should be
taken fromthe pavenent when it is no less than 7 days old. One
core should be taken at a random | ocation selected within each
subl ot, which is one-fourth the size of a lot, and the thickness
measured. The density and splitting tensile strength of the
cores should be determ ned by the Government according to
ASTM C 496 when the cores are 28 days ol d.

g. Snoothness. The finished surface of the RCC pavenent
shoul d conformto the tol erances outlined in Table IV of CEGS
02520 when tested with a 12 ft straight edge. Snoothness shoul d
be checked as closely behind the finish roller as possible, and
any excessive variations in the surface shall be corrected with
the finish roller. particular attention should be paid to the
snoot hness across fresh and cold joints because this is usually a
critical area for surface variations. A skilled vibratory roller
operator is essential in mnimzing snmoothness probl ens.

h. Surface Texture. The final surface texture of an RCC
pavenent typically resenbles that of an asphalt concrete pavenent
surface: a coarse surface texture with regularly spaced voids
and inter-connected fissures. The final surface texture should
be devoid of surface tears, check cracking, segregation, or rock
pockets, surface patches, punped areas, aggregate drag marks,
| oose aggregate, or exposed aggregate from washed fi nes.

|. Cylinder and Beam Fabrication. The fabrication of
cylinders and beans during RCC pavenent construction would be
highly desirable as (1) an aid to the coring operation in
checking the RCC strength and density, and (2) a neans of
establ i shing a database for developing future quality
control criteria. |If fabricated cylinders and beans are to be
used as a quality control aid during construction, a correlation
between their strength and density and that obtained from cores
and sawed beans shoul d be made during the test section
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construction. Results of this correlation should be sent to
CEVES- GP- GI, 3909 Halls Ferry Road, Vicksburg, Ms, 39180-6199,
for addition to the above menti oned dat abase.

J]. Method of Cylinder and Beam Fabrication. Cylinders
shoul d be fabricated in the field by filling cylinder nolds in
three equal layers. Each |layer is consolidated by vibrating each
| ayer on a vibrating table having a frequency of 3,600 vibrations
per m nute, under a surcharge of 20 I bs (9 kg). Each |ayer
shoul d be vibrated until a nortar ring is visible around the
entire periphery of the surcharge. Eight cylinders should
be fabricated for every 300 cu yds (225 cu nm) of RCC pl aced.

Two cylinders should be tested each at 7, 14, 28, and 90 days.
The cylinders should be tested for splitting tensile strength
according to ASTM C 496. No procedure has been standardi zed for
fabricating RCC beam speci nens such as those used to determ ne
concrete flexural strength. However, CRD- C 161 details a
procedure that fills beamnolds in tw |layers. Each layer is
consol idated by vibrating each ayer on a vibrating table having
a frequency of 3,600 vibrations per mnute, under a surcharge of
125 I bs (57 kg). The surcharge is uniformy distributed over
the entire specimen area during nolding and vibration continued
until a ring of nortar fornms around the conpl ete periphery of the
nmol d. Four beans shoul d be fabricated during each shift of
construction, two to be tested at 14 days and two at 28 days.
The beans should be tested for flexural strength according to
ASTM C 78.

k. Inspectors. Inspectors are vital in the quality control
operations. At |east one inspector should be stationed at the
m xi ng plant and one at the job site to insure that a quality
pavenent is being built. At the mxing plant, the inspector
shoul d check m xing times occasionally and spot-check the
consi stency and appearance of the m x com ng out of the plant.
He/ she shoul d al so coordi nate the aggregate noi sture content
tests, the gradation tests, calibration of the plant, and washout
tests to see that they are perfornmed properly and at the correct
frequency. At the job site, the inspector should nake sure that
t he base course and cold joints are noi stened before the RCC is
pl aced agai nst them and that the RCC is placed and conpacted
within the proper tine limtations. He/she should check the
paver operation to insure that proper grade control is
conti nuously naintained, and to nake sure no gaps or
discontinuities are left in the pavenent before rolling.
The i nspector should make sure the roll er begins conpaction at
the proper tinme and that the proper rolling pattern and nunber of
passes is used. He/she should nake sure adequate snpbot hness
across joints is achieved and that the surface texture is tight
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after final rolling. The final conpacted pavenent thickness
shoul d be spot-checked by the inspector and corrected
accordingly, if appropriate. He/she should make sure that the
curing procedures are inplenented as specified. He should also
insure that all exposed surfaces of the RCC pavenent are kept
noi st at all times. He/she should al so coordinate the nucl ear
gage density test, the coring procedures, cylinder and beam
fabrication, and the surface snoothness tests to see that they
are perfornmed properly and at the required frequency.
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Figure 2. Recommended Gradation Band for RCC Pavements
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Figure 3. Recommended Layout of Test Section
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(1) Roll 12 to 18 in. from edge.

*Note: 2 passes are one
back-and-forth motion.

uncompacted

M RCC

(3) Roll remaining uncompacted RCC.
Repeat sequence,

Figure 4. Compaction Process for Fresh Joints
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{1) Roll outer lane of last lane.

Concre
Saw

Hardened RCC | ¢

{2) Trim edge with concrete saw, either partial or full depth cut.

I to 3 in. overlap.
H

Hardsned RCC ¢ ’ Fresh RCC

(3) Wet hardened RCC edge, then place adjacent lane.

N

® 5 Hardened RCC | ¢ ’ Fresh RCC

{4) Push back fresh RCC with rakes.

[
, FreshRCC

Hardened RCC | ©

{5) Roll cold joint with two or mare static passes.

Figure 5. Compaction Process for Cold Joints
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Figure 6. Vertical Joints for Two Lift Construction
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