EPA Accepted BMP for
Stormwater Runoff

» Meets NPDES regulations

* Provides for groundwater
recharge

« Has the same structural
integrity as conventional
concrete

Pervious Concrete Defined: Pervious
concrete provides first-flush pollution
mitigation and stormwater management
Jor parking areas as well as streets and
intersections. Because of this no tie-ins to
municipal storm water systems may be
required, and no grassy swales or other
land-wasting  pollution mitigation
measures may be required. Rainwater
flows through the pervious concrete rather
than running off. Many pollutants such as

oil drips and heavy meral powders from’

cars and other sources are carried inio
and through the pavement, where they
are stored and treated by existing soil
microbes.

The nation’s first designed “cooi"
parking lot, and California’s first pervious
concrete parking lot, has been completed
in the Sacramento, California suburban
village of Fair QOaks. Pervious concrete
was placed late December and early
January, and striping was complete in late
Tanuary. Tree planting and other finishing
touches have also been completed.

The proiect provides a demonstration
of the effectiveness of pervious concrete
in parking lots for both stormwater
management and urban heat isiand
effect mitigation. The Sacramente Cool
Communities Program was a partner in

it was ramg wen this picture was takn.
Stormwater percolates through the concrete,

this project, which can serve as a model for
future parking lots across the United States.
The Cool Communities Program
grew out of a Department of Energy
program aimed at reducing energy usage
in hot climate-zone cities by encouraging
the use of light colored paving and roofing
materials as well as extensive planting of
shading vegetation. Cities, such as
Atlanta or Sacramento, experience from
3-10 degrees hotter temperatures at their
urban core on summer days due to the
energy absorption of black asphalt
paving and roofs. By reducing the amount
of dark roofs and paving and planting
shade vegetation, summer peak energy-
cooling loads can be reduced over 20% in
urban areas. This is especially critical in
California’s current energy crisis.
Pervious concrete 1s a high cement-
content mix made with no fine aggregate
and a low water-cement ratio. On this its
first job of this type, Gold WValley
Construction felt that piacement Jabor
of the Bannister Park parking lot was

only slightly greater for pervious than
conventional concrete, Orverall, costs of
pervious concrete parking lots should
be within about 10% of the cost of a
conventional concrete parking lot.

When compared to a conventional
asphalt parking iot requidng stormwater
system tie-in and first flush pollution
measures such as drain invert filters,
pervieus concrete parking lots are by
far the lower initial cost solution. In
addition they are the lower life cycle cost
solution concrete has always been for
paving of nearly any kind.

Pervious concrete is delivered in
conventional ready-mix trucks and
piaced between conventional forms. The
forms usually have a '4"-%" strip tacked
to the top of the form. Following the use of
a vibratory screed to strike off the concrete,
the strips are removed, and a rolier is
manually rolled across the material fo
densify it another 4"-~-%". The material is
then misted and covered with plastic
sheeting to cure. There is no finishing in
the conventional sense.

Pervious concrete provides
fandowners with a cost-effective way of
providing roads, streets and parking areas
without the need for stormwater system
connections or first-flush pollution
prevention measures. EPA and [ocal
regulations are beginning to require
mOore rigorous stormwater management
practice and the concrete industry
expects pervious concrete to be one of the
leading solutions in California and
Nevada.

For more information contact:
David Akers, R.C E., (858) 541-0180
Andy Youngs, (916} 332-484]

Larry Maes, (626} 441-3107
Sam Gallego, (559) 288-1234

SOUTHERN CALIFORNIA READY MixED CONCRETE ASSOCIATION

www.readymix.org

The Southern Catifornia Ready Mixed Concree Agsociation, its saff ang s memdberst disclaims any and aif resgonsibility and hahul.ty for the accuracy and the appiication af the
information contained in this message to the full extent permitted Dy law.
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INTRODUCTION



ABSTRACT

As an answer to the stormwater run-off problem associated with urban
development in growth areas such as the state of Florida, portland cement pervious
pavements provide a desirable combination of stormwater retention properties and
essential features of conventional paving concrete. Given suitabie site conditions,
portland cement pervious pavements obviate or reduce the need for stormwater drainage
systems and retention ponds required for impermeable pavements by Florida statues.
Advantages of pervious pavements thus include generally lower installation costs and
increased utilization of commercial properties, apart from its environmental function of

direct replenishment of the local aquifer.

The Portland Cement Pervious Pavement Manual attempts to make the benefits of
pervious pavement available for wider use through explaining what it is, how best to put
it together and how (o obtain a satisfactory end product. In addition to presenting product
information, the manual provides guidance on use of portland cement pervious
pavements. Details of subgrade preparation are discussed as well as recommended
design procedures. Suggestions on determination of infiltration rates of stormwater are
given, as are recommendations on making effective use of portland cement pervious
pavement if unfavorable site conditions are encountered. To ease the task of the
Specifier, recommended long-form and short-form specifications are included in the

manual,

Design and control of a pervious matenal must be based on test methods that
provide reproducible results. Since current standard methods are unsuitable in certain
respects, modified methods have been developed in the field and described in pertinent
sections of the manual.

Portland cement pervious pavements have been used over the last ten years in a
fairly large number of installations, primarily in parking areas and street pavemnents. This
manual represents the first comprehensive attempt to draw on the experience gained in
these applications and present recommendations on proportioning, placing, curing and
testing. Also provided is a frame of reference for the design engineer. Some of the
material in the manual is necessarily tentative in nature and requires further substantiation

by test data and performance reviews.



DESCRIPTION:

Portiand cement pervious pavement, as the term
tmplies, is a discontinuous mixtre of coarse aggregate,
hydrauiic cement and other cementitious materials, admix-
tures and water which allow for the passage of waterandair,
This type of concrete has a variety of names including
porous, gap-graded, no-fines, permeable, dram-crete, low
density, and perk-krete,

The omission of most or all of the fine aggregate
which is a standard ingredient of conventional pertland
cement copcrete provides the porosity of pervious pave-
mems. In order to provide a reiatively smooth riding
surface, and 1o enhance handling and piacing properties, a
coarse aggregate of 3/8 tn. maximum size is nomnally used.
Typically, portland cement pervious pavements using this
aggregate has 4 void content in the 15 to 23 percent range
whichimparts satisfactory percolation characteristics to the
product. '

In poriland cement pervious pavement applica-
tions for {raffic loadings, the cement content is generally
higher than that of normal paving concrete. The additional
cementitious material provides a high suength momar ma-
rix capable of bonding the coarse aggregate particles and
bridging the voids in the pavement structure.

The watercontent is held low to produce a mixture
with a relative slump between zero and ope-inch rnge.
Crushed aggregate will have alow slump appearance while
gravel aggregate will seem to have a higher slump range.
The amouat of mix water must be sufficient to promote hy-
dration and strength gain. If less than the required water is
available in the mix, hydration will not proceed adequately
and the mixture remains an agglomeration of loose par-
ticles. Too much water will cause the resultant fluid
cement-water slurry to drain into the lower layers of the
pavement where it impairs or blocks stormwater percola-
tion after hardening,

Although stump is sometimes referenced as a vis-
ual concept, the slump test is not suitable for determining
the consistency of portland cement pervicus pavements. As
explained under this Manual’s Mixing and Transportation
sectior, consisteacy of the product is controlled by visual
inspection.

When properly proportioned and placed, the hard-
ened pervious pavement provides a smooth riding surface

while retaining an open surface texture. s fiction value
appears to be higher than that of conventional pavements.

BACKGR D,

Portland cement pervious pavement is geoerally

regarded as a new construction materizl. Although its use
inapavement applicationisrelatively recent, pervious con-
crete has been used in structural applications in Eurone and
Great Britain for over fifty years. (1, Mallhotra, 1976,
p.628). The earliest application was in 1857 in the United
Kingdom. Two houses were built in East Cowes, Isle of
Wright, with 12-14 inch thick walls consisting of pervious
concrete. At the same time, a seagroyne of 200 fr.long and
7 Rt high was built at a right angle 10 the shore to form a
breakwater protection barrier. Holland reintroduced pervi-
ous concrete to the United Kingdom in 1923 resuiting in the
building of over 30 two-story houses. By the 1940's over
nine hundred housesmade of this material had been con-
structed.

After World War II, pervious conerete for building
construction became wide spread im Germany, Holland,
France, Belgium, Russia, and the United Kingdom, During
this time, one British firm constructed 250,000 dwellings.
Pervious concrete was not only used as infill panels for high
tise buildings but also for foad bearing walls up totenstories
high. In Stuttgari, Germany, one project consists of six
lower stories of conventional concrzte and the thirteen
upper ioad bearing stories of no-fines concrete,

The only known pavement application of a port-
land cement pervious pavement was copstructed in Eng-
land. The following is the report of this project; however,
due to the limited application, the conclusions may be
considered preliminary in relating to methods of place-

. ment,

In the mid-1960's an experimental road was con-
structed in England (7. Maynard, 1970, p.245). The pave-
ment structure inciuded an eight (3") inch conventional
dense wire reinforced concrete pavement and a two (2")
inchmonolithic pervious concrete surface. The surface was
placed using a twelve (12") inch diameter steel pipe weigh-
ing thirty (30) pounds per foot. The portland cement
pervious mixture used a 3/8" inch coarse aggregate and
required six (6) passes to obtain density and an acceptable
riding surface. The pipe was kept moist to reduce adhesion
of the aggregate and paste 1o the surface of the roller. (The
use of form release compound will also provide reduced
adhesion to roller surfaces.) The report did not recommend
a vibrating beam as it tended to drag and displace some
surface aggregate across the surface. Curing was provided
by coveringthe surface withapolyethylene sheeting. Other
details included the vse of battens on the forms that were
one-half (1/2") inch higher than the desired surface eleva-
tions to obtain inidal leveling. Upon obtaining initial
profile rolling, the battens were removed and the desired
elevation was then produced by additional roliing. This
whole operation took place within thirty (30) minutes after
introducion of the mix water to the concrete mixture.
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GENERAL INFO. & RECOMMENDATIONS



S

Florida Concrete

and Products Association

CONSTRUCTION OF
PORTLAND CEMENT PERVIOUS PAVEMENT -

Stormwater management. ..
A challenge for design professionals, engineers, developers and
contractors throughout Florida.

Sites must be planned to provide adequate run-off systems.
Government regulations require that these systems also improve
the quality of run-off discharge into surface waters and maintain
the recharge level of the aquifer. Meeting these regulations, and
still using maximum available land for development, requires
creative use of proven technologies and materials.

Portland cement pervicus pavement provides an environmen-
tally sound alternative that meets the challenges of government reg-
uiations, as weli as the needs of design professionals and owners.

Pervious pavement retains stormwater, and improves water guality
Jor aquifer recharge through filtration.

Pervious pavement is a discontinuous mixture of coarse ag-
gregate, hydraulic cement and other cementitious materials, ad-
mixtures and water, which aliows water and air to pass through
the pavement. Unlike traditional concrete or asphalt pavements,
pervious pavement provides a veid content of 15-25 percent,

which offers improved filtration for better groundwater quality. It
also rewains stormwater and atlows for percolation of water back
into the aquifer.

Field performance tests of pervious pavement instailations
across Florida have demonstrated the product’s ability to help meet
stormwater control requirements while providing a structural pave-
ment for traffic. Investigations show that pervious pavements con-
tinue to function without signs of structural distress or clogging.

The drying shrinkage of a pervious cementitious mixture is
substantially less than that of conventional concrete. This ex-
tremety low shrinkage rate is attributed to the interlock of the ag-
gregate particles which restrains the cement paste shrinkage.

The success of pervious pavement is directly linked to subgrade
quality, cosrect mixing and proportions, and proper placement,
curing and finishing by the coniractor.

e

Subgrades must be permeable, uniform and properly prepared and
compacted,




This publication is intended as a general guide, based on the
latest technology. However, mixture refinements and placing
techniques are updated reguiarty, and contractors are encouraged
to constlt manuals and material specifications for the latest
technical details before placing pervious pavement.

The natural soil inany project should be sampled and tested for
permeability as well as load carrying capacity. Uniformity of sub-
grade support, rather than strength, is the major criteria of a
suitable subgrade. Testing should be conducted to assure the qual-
ity of the subgrade,

Clay soils and other impervious fayers impact the performance
of pervious pavements, and must be modified to allow proper re-
tention and percolation of stormwater. In these conditions, addi-
tional pervious material can be placed at least six inches above
unsujtable soils. Depth of this additionai subgrade material must
provide the additional retention volume required for each individ-
ual project site. Filter reservoirs of an open graded stone, gravel,
open graded portland cement subbase, or sand layer provide proper
subgrades to retain and store surface water run-off, reduce the af-
fect of rapid storm run-offs, and reduce compressibility.

When the existing soiis are predominantly sandy and permeabe,
an open graded granular subbase is not generally required, unless
it facilitates placing equipment. A sand and limestone subgrade of-
fers the best conditions for pervious pavement.

In addition to the uniformity of the subgrade, the compaction and
density of the soils is important. Depending on the soil type, the
subgrade should be compacted to a minimum density range of 92
t0 96 percent of maximum density, per AASHTO T-180 standards.
The subgrade reaction determines how thick the layer of pervious
pavement should be. Similar to the requirements of regular con-

The subgrade is compacted 1o 92 10 96% ¢
AASHTO T-180, must be moist and free of truck
ruts and other irregularities.

crete placement, any truck ruts and other irregularities in the
subgrade must be smoothed and compacted prior © placing the
PErVIOUs pavement.

The portland cement pervious pavement has minimal free
moisture, If the subgrade or subbase soils are dry during place-
ment, it may accelerate the set uime and impact the performance
of the pavement. At the time of placement. the subgrade Is kept
moist, without any freestanding water, 4s In conventional concrete
pavement methods.

Permesble subgrade materials, proper density through compact-
ing, and uniformity contribute to the best subgrade for placement
of pervious pavements.

E 3L
Discharge must be complered within 60 minutes after initial batch-
ing or 90 minutes with special admixiures.

A portland cement pervious pavement consists of unique prop-
erties that require special attention during mixing and transporting.
The pervicus pavemnent mixiure should be completely discharged
within one hour after the mix-water has been added. With the use
of new and innovative admixtures, this time can be extended to one
and a half hours. High ambient temperatures and windy conditions
will directly affect the initial set tme and should be taken nto
consideration.

The total water content of portland cement pervious pavement is
confined to a narrow range. Close contrelof the mix water demanc
is critical to obtain permesbility and adequate strength of cement-
aggregate bond. Contractors must work closely with producers to
ensure & proper mix. prior to detivery at the job site. A slight ad-
justment of water content may be required at the site 1o achieve
Proper consistency.



mix from the truck, inspecteach load to make sure it has the right
consistency and adequate aggregate surface coating.

A stiff mix s required with close control of mix water to obtain both
permeability and adequate cemens-aggregate bond.

L.

Vibrating mechanical screeds offer the best results.

A correct water content gives the mixture a wet-metallic ap-
pearance, or sheen. This is only a rough guideline to test consisten-
¢y, and nothing can replace the accuracy of objective testing, In-
SISt On a unit weight test to ensure a good mix.

Mixture discharge should be as rapid and continuous as pos-
sible. Placement width should not exceed 15 feet unless a con-
tractor has experience and sufficient mechanical consolidating

. o . equipment.
Placing and consolidating is the next phase that requires the con-
tractor’s keen eye for detail. Ifa contractor has not worked with Spreading, strike off and compacting must also be completed as
pervious pavement before, it's advisable tc‘pllaceAsampIe SIrips quickly as possible. Both vibrating and manual screeds will ac-
before beginning alarger area to become familiar with the proper- complish the job, but vibrating mechanical screeds offer the best
UC’S Oftbt;‘ material, results.

Strike off should leave some material above the form to allow for
proper compacting. Compaction will vary with job site conditions,
but experience shows that striking off a minimum of a half-inch
above the form, and then compacting down to the form, will aveid
surface raveling.

Spreading, strike off and compacting must be completed as quickly
as possible due 1o the rapid senting characteristics of the mix.

Before placing pervious pavement, ali forms and grade should : e = e
be re-checked for alignment and plan profile. Any rutting of the Experience has shown that striking off a minimum af./zwzngizl
subgrade by equipment or trucks should be releveled and recom- above the form and then compacting down 10 the form will avoid

pacted, so that the overall subgrade is uniform. Before placing the surface raveling.



Compaction must be completed immediately after strike off.
Delays will harm the finished pavemen; surface because of the mix-
twre’s rapid moistyre foss and set fime. A heavy roljer Spanning the
full distance between forms has been found 1o be effective in com-
pacting materia} to form heightin g timely manner that s 1rue o
line and grade.

Compaction mys; he completed immediately afier strike off to

prevent raveling,

Edging and joints need special attention and tools. Conventional
tools and finishing methods are ROt appropriate for pervioys pave-
ment. After placement, compacting and edging, no additiona]
finishing operations should he reguired.

Because of itg susceptibility to rapid evaporation of mix-water
and hydration. Proper curing is essential to a successtully finished
Project using PETVIOUS pavement. A frer compaction is complete
andno longer than 20 minutes afier piacement. the entire surface
and edges of the newly placed pavement must be immediate]y
covered with poltvethvlene sheeting, Cure time for pervious pave-
ment s generally seven days,

Cover completeqd

pavement with polyetiylone within 20 minytes
after placemen. :

Sheeting must be secirad during the cyre time, and no trafficcan
be zllowed on the surface, Sand ordirt should not he used to hold
down sheeting,

As with any engineered project, Proper testing of pervious pave-
ment s critical, Testing of the subgrade will assure adequate clen..
$1tY, support value and permeability. Testing the pervious mixture
in both the plastic and hardened State will assure quality of unit
weight, durability and thickness.

Sheeting must be secured. Cure for seven days.

There are two different aspects of acceptance criteria for
Pervious pavement. The first criterfa is based on the defivered
mixture. At least opa test for each day’s placement should be con-
ducted to verify the unjt weight of the material, and should be
within plus or minys five pounds per cubic foot of the design unit
welght utihizing 2 .25 cubje foot sample,

The second criteria should be based on the hardened pavemen;.
Three samples shouid be core drilled to measure thickness and unit
welght. In-place unit weight should be withip plus or minus five
pounds per cubic foor of design unit weight, for the average of the
three samples.



Summary

Portland cement pervious pavement is a unique product with
characteristics untike any other pavement material. Successful
placement and finishing can be achieved quickly and efficiently
wher the contractor understands the best ways to prepare for, piace,
install and cure pervious pavement:

* Proper subgrades and subbases are critical to product perform-
ance. Subgrades must be permeable, uniform and properly
prepared and compacted.

e The consistency must be carefully checked before placement.
Proper consistency is very important.

¢ Pervious pavement mixes should be placed 60 minutes after ini-
tial batching, or 90 minutes with the use of proper admixwures.

e Spreading and strike off must be completed as quickly as possi-
ble. Compacting should be finished immediately after strike off
due to rapid hydration of the product.

¢ Edging and joints need special attention and tools.

¢ Completed pavement must be covered quickly with polyethylene
sheeting within 20 minutes, and cured for seven days.

¢ Quality of the portland cement pervious pavement can only be
assured by regular testing of the mix and performed by qualified,
certified personnel.

' N ; s ! L | ¥ iE Rt LT
Successful placement and finishing can be achieved guickly and
efficiently with long lasting results when the contractor under-
stands the best ways to prepare for, place, install and cure pervious

pavement.

Portland cement pervious pavement is a proven technique that
innovatively uses traditional materials for stormwater management
meeting the challenges of today’s developers, design engineers and
contracting professionals. A manual relating to mixing, hauling,
placing, testing and suggested design procedures, and a construc-
ton training videotape are available through the Florida Concrete
and Products Association at a nominal fee. These comprehensive
wols will assist material suppliers, contractors, specifying agen-
cies and design professionals in the proper procedures used to place
portland cement pervious pavements.



ENER R DR {DA-
TIONS FOR PAYEMENT APPLICATIONS:

The following information is presented for the
purpose of guidance to the design professional, matenal
supplier, and contractor. Due to the vartation of materials,
projectsoll conditfons, profiles and methods of placement,
this informaton may not be suitabie in all cases and appli-
cations. Furtherinformation and test data will be presented
as 1t is developed

The two primary purposes of a portland cement
pervious pavement are to provide a durable all-weather
surface capable of withstanding anticipated traffic loadings
and provide an effective storm water management system
that will enhance the hiydrological environment. This
spectal material is capable of providing a pavement with the
durability and longevity of concrete and the capability of an
on-site retention area. .

SUBGRADE PREPARATION:

The natural soil encountered in any project should
be sampled and tested for permeability as well as the load
carrying capacity. When the condition of the existing sotls
is predominantly sandy, poorly graded, and permeable, an
open graded granular subbase is not geperally required
untess it would facilitate placing equipment.

Uniformity of subgrade support, rather than
strength, is the major criteria of a suitable subgrade. Pornt-
land cement pervious pavements have a slab action which
distributes the loads over a large area similar to conven-
tional concrete pavements. This load distribution dimin-
ishes the pressure on the subgrade and eliminates the need
of thick subbase courses,

Since unifermity of subgrade support is esseptial
to pavement performance, it must be assuredinbothdry and
moist subgrade conditions. A properly constructed pervi-
ous pavement facilitates this requirement, specifically
when exposed to rainfalls. Due to the uniform distribution
and infiltration of rain water over the pavement area, a
uniform moisture condition is obtained in the subgrade.
This may explain tbe absence of pumping failures ino
pervigus pavements which could be expected to occur due
to loss of subgrade support in sandy soils. However,
problems related to variable subgrade support may result
from the presence of silts and clays that are either highly
compressible, lack cohesion, or expand when in a wet
condition, These soil conditions must be anabyzed indi-
vidually for their support values and be modified, replaced
or additional pervious material placed at leéast & inches
above the unsuitable soils. Depth of additional pervious
subgrade material is directly related 1o the volume of
retention required for a project’s site conditions,

The use of a narrow strip of pervious pavement
betrween or adjacent to a standard impervious pavement is
not generally recommended. Experience has demonstrated
that projects designed with a four {4) to six (6) foot wide
collection area adjacent to standard pavements perform
poorly. Not only do the parrow pervious section show
excessive clogging but the edges of the impervious pave-
ment exhibited distress due to differential subgrade support
because of the additional moisture conditions. Accumula-
tion of moisture in the subgrade at the juncruz of the two
pavement types bave caused excessive deflection and edge
cracking in the conventional impervious pavemedts. Im-
pervious pavements should be increased in thickness and
reinforced as required along the edge interface of each
pavement type.

Where clay sois or impervious layers are encoun-
tered, there are opticns availabie for the designer that will
allow the use of a portland cement pervious pavement.
Filter reserveirs of an open graded stone, gravel, open
graded (no. 57) pordand cement subbase, or sand layer can
provide retention to store surface water run-off, reduce the
effect of rapid storm rup-offs and alsoreduce compressibil-
ity. The use of a sand subbase and a pavement fabric
underlayment is also an option that should be reviewed on
the basis of economics. Since pervious pavement retains
water within itself, an increase in thickness of the pavement
placed on 2 geotechnical fabric would be another viable
solution. The use of a two layer bonded pervious pavement,
with a lower layer of larger graded top size aggregate (1 1/
2", should also be considered. The lower layer may be
designed at a Jower cementitious content than the surface
tayer. Cement contents of 375 to 500 pounds per cubic yard
may be considered as a subbase retention. This two laver
system, over a silty clay soil, will increase the composite
slab action of the pavement, provide increased load carry-
ing capacity apd serve as an increased retention reservoir.

Depending on the soil type, the subgrade shouldbe
compacted to a minimmum density range of 30% to 95% of
maximum density as determined by AASHTO T-99 or
AASHTO T-130. The modulus of subgrade reaction (k) 1b
per cubic in. should be determined of the existing soil
conditions to establish the design requirements. Appendix
(A) shows the relationship of the California Bearing Ratio,
Limerock Bearing Ratio, and K-Values.

Before pavement is placed, the subgrade or sub-
base should be consolidated in accordance to specifications
and in a moist condition. The portland cement pervious
pavement has minimal free moisture and if the subgrade or
subbase is in a dry condition at the time of placement,
accelerated set ime and a reducton in performance of the
pavement may result. At the time of placement, it is
important to keep the subgrade meist without the presence
of free standing water as in conventional concrete pavement
metbods.



MATERIALS AND PROPORTIONS:

A portiand cement pervious pavement consists of
the same materials as re guiar concrete except for the omis-
sion of most or all of the fine aggregate normally used in
concrete. The materials should comply with applicable
ASTM standards or the Florida Department of Transporta-
tion requirements. As a rule, a pervious pavement is
specifically proportioned for use in applications subjectec
to vehicular traffic. Different proportions may be required
for other applications, such as walls, pool decks, tennis
courts, or drainage areas.

The same cementiious materials are used in a
portiand cement pervious pavement as in normal portland
cement concrete, including portland Type 1 or IT cement
(ASTM C150) or blended cement Type IP or IS (ASTM
C595). The cementitious content generally used to date for
a typical pervious pavement mixture range from 520 t0 630
lbs per cubic yard with a 600 lbs. cootent prevailing in
pavement applications. Ground gracuiated blastfurnace
slag {ASTM C989) may be substituted for portiand cement
in an amount of fifty (50%) percent of the total cementitious
material, When fly ash (ASTM C618) is to be used, the
quantity should not exceed arange of 15 to 20 percent of the
total cementitious material.

The use of Floridalimerock aggregate forpervious
pavement has performed well in projects subjected to ve-
hicolar traffic throughout Florida. It is not necessary Lo
substitute other aggregate sources that are not normaily
used in a standard .concrete mixture, Aggregates incorpo-
rated in the mix degign are generally of a No.89 size (3/8
inch to No.50) complying with ASTM D448 (Appendix B).
Another frequently used size is No. 8 coarse aggregate (3/
8 inchto No.16)Ycomplying with ASTM C33. Inpropordon-

ing a portland cement pervious mixture, the basic relation- |

ships are expressed in terms of the aggregate/cement ratio
{A/C) and the water/cement ratio (W/C). In pavement ap-
plications, an A/C range of 4:1 to 4.5:1 and 2 W/C ratio
range of 0.34 to 0.40 were found to produce pervious pave-
ments of satisfactory properties in regard to permeability,
load carrying capacity, and durability characteristics. The
unit weight {density) of a pervious pavement will geperally
-ange from 105 Ibs/cu.ft. to 125 Ibs/cu.ft. and will have a
void structure of 5% to 25%. A higher permeability rate
~=would result fora pavement core with aunit weight less than
the theoretical unit weight of the mixture design. The
specific gravity of pervious concrete produced with crushed
limestone is approximately 1.68 to 1.90, depending on the
sggregate source, For given proportons utlizing hydraulic
cements, the performance of pervious pavements is in-
versely related to its void space. A greater degree of
compaction will increase bonding of aggregates with a
resulling decrease in the void content. Unless a similar

degree of compacton is obtained in both the in-place
pavement and in a corresponding strength test specimens,
no valid inference can be made from the strength indico-
tons of test specimens on the strength of a pervious
pavement at this Hme. Some reiationships have been
established empirically between specific methods of place-
ment and various levels of compaction of test specimens.
These are explained fater in the chapter on Methods of Test.
The validity of the relationships can be verified by unit
weight determinations on the pervious mixture under con-
sideration. The unit weight of a pervious mixture is ap-
proximately 70 percent of normaj concrete. A minimum
frequency of one (1) test for each day of placement should
be conducted to verify the rodded weight of material as de-
livered, The test shall be conducted in accordance with
ASTM C172 and C-29.

Mix shall be within (+5} five pcf of design unit
weight. If outside this range, mix proportions should be
modified to comply. Atseven {7) days from placement, a
minimum of three (3) cores foreachplacement will be taken
in accordarnce with ASTM C-42, The cores may be used for
verification of pavemnent thickness. Subsequent to thick-
ness verification, core ends may be trimmed to facilitate
volume determination, Core unit weight should be caicu-
lated based on weight results when tested in accordance
with ASTM C-140 paragraph 14.1 (disregard suspended
weight),

Pavement acceptances shall be based on the aver-
age unit weight of cores being within + 5 pcf of design
weight. The thickness of the pavement for light traffic
Ioadings should be five (5"} inches. Additional thickness
would berequired forpavement subjected to frequent heavy
axle loadings.

The total water content of portland cement pervi-
ous pavement must be heid in a narrow range. A correct
water content is characterized by its imparting to the
mixture a wet-metallic appearance or “sheen”. At this
consistency level, the pervious mixture approximates the
placing and handling characteristics of asphaltic paving or
patching mixtures. If the mixture contains anexcess of mix
water, its cementitious paste will flow into the lower fayers
of the pavement resulting in a weak surface stratum and
closure of voids in the bottom layers. A mixture with less
than the required water content, on the other hand, will
hydrate very rapidly and will result in a lack of adequate
aggregate bond strengths. In extreme instances this wili
lead to the pervious pavement remaining with an aggiom-
eration of loose particles of little or no bonding strength that
must be removed from the work. Atits correct consistency,
squeezing of & handful of the mixture and then releasing



pressure should result in a mix that peither crumbles nor
turns into 2 highly plastic mass without air voids. Inclusion
of a chemical admixture in a pervious pavement mix will
improve its handling and in-place performance chamacter-
istics. Admixtures of the water reducing Type A (ASTM
C494) and the water-reducing and retarding Type D con-
forming 10 ASTM C494 have shown good performance,
particulasly in hot weather applications. High range water
reducing admixtures have not, to date, proved effective in
improving the placing of pervious concrete, Future re-
search is needed to make more definitive recommendations
regarding theiruse. Admixture manufacturer’s recommen-
daucnos as to dosage rate and batching sequence shouid be
followed.

Inclusion of air entrainment admixture (ASTM
260) was found to create void structures in the cement paste
which improved the paverent’s resistance to damage from
freeze/thaw ¢ycles. The large void structure in the pave-
ment and the elasticity of the air entrained cement paste
produced by the absence of the fine aggregate aiso provides
for expansion of ice lenses within the pavement structure.
Mix proportions for job use are established to produce a
cubic yard of a pervious mixture in conformance with
ASTM C94 “Specifications for Ready-Mixed Concrete.”
The void centent of the proposed mixture should closely ap-
proximate that anticipated with the method of placement in
the work. In a limited study, the addition of double the
normal amount of air entrainment admixture increased the
cohesive characteristces of the cement past and aggregate,

PROP F YV TE:;
inti

Portland cement pervious pavement is a unique
construction material and develops some behavior charac-
teristics unlike standard portiand cement concrete. The
drying shrinkage of a pervious cementious mixture is sub-
stantially less than that of conventional concrete. Conven-
tional concrete shrinkage is approximately .005 inches per
inch of length, whereas, the pervious concrete range is
0.00015 to .00020 inches per inch of length (1, Malhotra,
1976, p.638). This explains why a project incorporating
portland cement pervious pavements measuring 180 lineal
feet and six 1o eight inches in depth using no control joints
showed no visible shrinkage cracking after two to three
vears.of service, The low shrinkage rate is attributed to the
iteriock of the aggregate particles which restrains the
cement paste shrinkage. A conservative design should
include transverse contraction {control) joints at a spacing
of sixty (60"} feet installed to adepth of one-fourth (1/4) the
thickpess of the pavement. This is particularly true whena
high density of the pavement is achieved. Again, it should
be noted that many projects have not included contraction
{control) joints andthere are nosigns of cracking following

two (2) to three (3) years of service. Shrinkage cracking is
evident in pavements placed with higher than required
siumps and that have been extensively vibrated. Thase
pavements have shown sigmficant cracking and very low
permeability characteristics. More observations and testing
are neededto determine: 1) permeability charactenstics; 2)
contraction joint performance; 3) joini spacing in pervious
pavements.

Close control of the water demand of the mix is
very important to avoid shrinkage cracking, provide ade-
quate strengih and required permeability. Although the
amount of drying shrinkage is less than that of conventional
concrete, it develops at a more rapid rate due to the large
surface area exposed to atr and the low amount of water
included in the mixture. Between fifty (50%) to eighty
{80%) percent of total drving  shrinkage can be expected
to occur withia ten (10) days of placement, —

Curing;
Due to the rapid rate of bydration, curing is very

importantto the quality ofthe in-place product. The method
of curing normally used is to cover the exposed surfaces

. with apolyethylene sheetmaterial (6 mil minimum) as soon

as practical, but not later than 29 minutes after completion
of placement. When ambient temperatures are high and
conditions are windy at the time of placement, a light fog
mist should be applied just prior to covering the surface to
assure the nomnal strength gain of the pavement surface.
Care should be exercised in covering the exposed
pavement’s surface and edges. The polyethylene sheeting
should be carefully lapped and held securely in piace forthe
entire cunng peried. The period of curing should generally
be from three (3) to seven (7) days, depending on the
cementifiors material used and swength gain rate. Without
proper curing, a pervious pavement may reach only forty
(40%) percent of its potential strength gain and will be
susceptibie to increased surface deterioration.

A portland cement pervious pavement placed
without accelerators and using Type I cemnent should be
continuousty covered for a period of five (5) to seven (7)
days. Whenrapid hardening portland cement Type IH or ac-
celerating admixtures are used for early opening to traffic,
curing shouid be contitnous for three (3) days, A periodof
seven (7) to ten (10} days maybe pecessary when using
portland blast fumace cement, fly ash or portland cement
Type II cements. To date, membrane curing compounds
have been applied to a limited number of studied projects.
Furtherinvestigationis needed for evaluaung the effective-
ness of amembrane curing compoundand of ethermaterials
and methods of curing that will improve the quality and
economics of the pavement.



Strength Development:

As stated previousiy, the strength development of
pervious concrete relates to the A/C and the W/Cratioof the
mix. Both ready mix and private accredited laboratories
have conducted aumerous tests on the varous mix desigos.
The resuits of some of these tests are included in Appendix
C. The flexursl and compressive strength gains inseven (7)
days appears to be eighty {§0%) to ninety {90%) percent of
its potential strength at twenty-eight (28) days using a Type
I portiand cement. The relationstip between splitting
tensile strength to flexural strength is between sixty (60%)
to seventy (70%) percent, Data supports a sixty-five (65%)
percent value to be used in pavement design calculatons.
Previous test reports show that compressive strength gain
pecurs at a slower rate than that of the modulus of ripture
(flexural strength). Compressive strengths continue to
improve for sixty (60) months with no substantial strength
increase after this period. Flexural strength gains more
rapidiy than compressive strengths; bowever, virtually no
additional increase is experienced after thirty (30) months.
(Appendix D} (1. Malhotra, 1976, p.636).

The unit weight or density of pervious concrete is
in a range of seventy (70%j 1o eighty (§0%) percent of that
of conventional concrete. The degree of compaction of the
materials in test cylinders or umit weight measurements
largely determines unit weight and percentage of voids.
The unit weight {density) also has a direct relationship with
the compressive, flexural and tensile splitting strengths of
the product. The results of strepgth tests by different
sampling and testing methods are interrelated; however,
before strength specifications can be used repeatable test

methods will have to be developed. Available data indi- |

cates a direct relationship of the splitting tensile strength of
test cylinders of a given unit-weight to the flexural strength
of the in-place pavement of the same in-situ unit weight. A
major consideration in a rigid pavement design analysis is
the modulus of rupture (Jexural stength} of the concrete.
If the splitting tensile strength of a cylinder and its weight
is determined, the flexuoral strength of the in-situ pavement
may be estimated from the unit weight of the pavement
section. The suggested formula for this determination is
provided in equation (4) of the Interim Guide for Design of
Portland Cement Pervious Concrete Pavemers,

Perm ility:

Varous tests for permeability have been con-
ductedd The results of some of these tests are included in
Appendix E. A pavemnent with fifteen (13%) percent voids
or higher will provide adequate flow rates to meet the
minimum acceptable stotm water criteria. A widerange of
test procedures have been used to determine the porosity of
the pavement (Appendix E). Some tests show that six (§")
inches of a pervious concrete with 4:1 A/C ratio placed on
2 sand base thiny six (36"} inches deephad a 54.7 inches per

hour flow ata depth of four (4') feet below top of pavement.
Other permeability tests show the porosity of a 3/4" to No,
4 crushed aggregate having a vertical permeability of 6.8
gals. permin. throughtwelve (12")inches of a 6:1 A/C ratio
product. Additional datashows aportiand cement pervious
mixture sample infiltrated with sand with an FM=2.43, The
flow rate of the infilirated sampie of six (6") inches was
calculated to be 3.92 gpm per sq. ft. A standardized
permeability test is needed to obtain usable data for
caicularing percolation rates and retention vofumes, This
test should provide flow rate data in gpm per sq. ft. and
vertical velocity in inches per minute. In liew of specific
data, a rating scale of 1 to 10 could be adopted to indicate
the pavement performance for permeability.

Reinforcement:

In a pavement application, no reinforcing steel is
required. This is due to minimumn, if any, cracking of the
pavement. Reinforcement, however, isrequiredin building
construction uging a pervious mixture. Due tothe low bond
stwength, reinforcement should be coated with a cememnt
paste prior to concrete placement. This will improve bond
suength and provide corrosion resistance.

illari

The capillary action of apervious pavement, as ex-
pected, is extremely low. Formixes using a 3/8 inchcoarse
size aggregate, water capillary acticn would be less than
one (1"} inch. A significant aspect of this property is that
a portland cement pervious pavement is not prone to the
pumping actionnormally related toa conventional concrete
pavement designed without adequate drainage provisions.
Due {0 a relative low hydraulic head pressure, dynamic
loading will not cause water and fine grain soils to be
pumped up through the pavement unless the water level is
above pavement surface elevation and in a flooded condi-
tien.

M G A RA

The unique properties of a pervious mixture re-
quires special attention in the mixing and transportation. To
produce a mix of the proper consistency and assure an even
coating of aggregate particles with portiand cement paste,
proportions must be correctly adjusted for aggregate mois-
ture. Initial charging of the materials into the mixer must
be in a sequence which minimizes undesirable balling of
materizls. Ready mix trucks with wide discharge openings
aid in discharging a pervious mixture with a relative zero
slomp. Ou rear discharging units, the front of the mixer-
truck should be elevated, if possible, to aid discharging. it
isrecommended that the trucks be inspected formixerblade
wear prior to use and that each ready mix wuck shouid not
haul more than two (2) loads before being cycled to another



tYPe concrete, A pervious mixture exhibits a strong bond-
ing effect and will cause rapid build-up on the mixer blades
ifnot cleaned properiy and closely inspected, The use of a

Itisrecommended that aﬂerbatching, avisualinspection be
made to assyre Proper water-cement (W/C) consistency,
During transportation, the mixer drum should be rotated at
the lowest agitating speed. Discharge of a pervious mixuyre
from the haul vnit should be compiete within one hour after
the mix-water has beep troduced. Hj ghambient lempera-
tures will directly effect the initial set time apd should be
monitored carefully,

PLACING AND CONSOLIDATIN;G_;_

Proper placing procedures represent one of the
Most critical aspects of good performance in 5 portiand
tement pervious pavement,

It is recommended that only contractors exper.
enced in the placement of pervious pavements be used
Others should retaig the services of an experienced consuir.

place sample test strips.  This wij) provide a working
knowledge of all aspects of the mixing, hauling, placing
and curing procedures for those concerned with the project
acceptance,

pavement,

Prior to placement of the pervious mixture, the
forms and grade shoutd be checked for alignmen; and plan

moisture control and mix-blades shoujd be carefuiiv

The materia discharge should be ag rapidand coy
tinuous as possible. If material flow IS interrupted, 1=
mixryre Temaining on the discharge chute should *-

foreign materia into the mixrure,

Another problem that may oceyr by using the
method Previously described i the dislodging of syrface



aggregate (raveling) evident on the in-piace projects. This
raveling appears three (3 to six (6) months after placement
apd onsurfaces subjectedto vehiculartraffic. Inmost cases,
the raveling is generally confined to the top 3/8 to 1/2 inch
of the surface particles and little sign of continued deterio-
ration of the surface is evident beyond these limits, Inorder
te avoid deterzoration of the pavement surface, pavement
rolling procedures should be executed within 20 minutes
afier the swrike-off procedures. Any delays in rolling, at this
time, are harmful since the pavement surface has already
taken initial set due to the rapid meisture loss. Delayed
rolling procedures also attribute to the fracturing of the
mortar matrix bonding the surface particles and increase the
potential for future raveling.

After reviewing a wide variety of placing methods
and the performance of existing projects, the following rec-
ommendations are presented. The width of placement
should not pormally exceed fifteen (15" feet. It is recom-
mended that previous experience in placing pervious con-
crete can be demonsirated and adequate mechanical equip-
ment is available for placing sections greater than fifteen
{15} feet,

To the degree possible, spreading, strike-off and
compaction should be performed as quickiy as possible and
the mixture should be placed on a moist subgrade. The
compactive effort should apply a minimum of ten {10) to
twenty (20) psi vertical pressurs (compactive effort) to the
surface of the pavement. After mechanical placement, no
additional finishing operations should be required. Any
additional finishing such as floaung, edging, etc. will be
harmful 1o the integrity of the surface and surface qualites
of apervious concrete pavement. Applicationofalightfog
mist to the surface on hot, windy days prior to covering with
polyethylene sheeting will improve the bonding of surface
particles. Care should be observedinthe fogging procedure

sinice over fogging will cause the paste ¢ be removed from

the surface aggregate and reduce durability. A method that
has recently been used, with good results, includes the use
a vibrating screed (low vibration) to strike-off the pervious
mixture 3/4" higher than the form elevation. This is then
followed by compacting the pavement surface to the form
height using asmall plate vibrating or roller compactor on
top of 3/4" plywooed sheets, The surface is ightly bonded
together while still providing permeability.

The cure time for a pervious concrete pavement is
generally considered to be seven (7) days. During this cure
time the polyethylene sheeting should be held down se-
curely and no traffic should be allowed on the pavement.

TESTING AND EVALUATION:

Aswith any engineered material, it isimportant to
properiy test a pervious pavement project. Tests performed
of the subgrade condition are o assure adequate density,

support value and permeability. Testing the mixture in the
plastic and bardened state for quality assurance of unit
weight, durability, and thickness shouid be cenducted.
Many of the present ASTM and AASHTO testing methods
are applicable to a pervious concrete pavement installation:
however, due o the physical characterisiics of the material,
modified apparatus and procedures are recommended.
Appendix J

Determining the permeability of the subgrade and
soil analysis are particuiarly important in the design and
construction of a project. Present methods of determining
permeability by perk testing in accordance 1o septic drain
field evaluation at forty eight (48"} inches below surface
elevation is not totally applicabie for singularly determin-
ing subgrade permeability. After the subgrade has been
compacted to the specified density, a surface permeability
test is recommended. Double ring infilirometer, or other
suitable tests, should be performed to adequately test the

' permeability of the subgrade.

Another method of testing the permeability of the
subgrade requires the use of & 12" (twelve inch) diameter
tube containing a column of water with a head elevation
equal to the pavement thickness. This colump of water, kept
at constant head, is allowed to penetrate the in-situ sub-
grade material and the amount of flow in gallons per minute
{gal/min)isthen determined. Care should be taken to avoid
leakage at the connection of the apparatus and the surface
of the subgrade. Soils that are moist exhibit a higher
permeability rate than dry soils. The soil should be pre-
wetted before performing the permeability test. A con-
trolled amount of water should be used to impart an
approximate moisture content of 4 to 5 percent. This test
will indicate the rate and capacity of the subgrade material
to accept storm water run off and the volume of retainage.

Normal testing procedures for density (compac-
tion) of the subgrade could be performed without modifi-
cation. These tests should be conducted prior to subgrade
permeability testing,

Due to the physical characteristics of the concrete
mixture, standard testing methods forunit weight (density),
void ratio, yield, percolation, and other properties of
portland cement pervious pavement will require modified
procedures. Considerable evaluations are being performed
on methods of testing strengths and permeability of the
strengths and permeability of the mixture and the pervious
pavement. Untl such time that the varicus methods of
making and testing of the portiand cement mixture (ASTM
C31-84) and compressive strengths of cylindrical concrete
specimens (ASTM C42-84a) have been defined and these
results are reproduacabie at a reasonable standard deviation,
it is recommended that the specification be based on a
proportional mix design. This method of design specifies
minimum cementiticus contents, volume of aggregate and



gradation, admixtures and water.

A discussion of the strength evaluations are pre-
sented in the Pavement Design Section of this manual.
Portland cement pervious pavement acceptance and design
criteria will have to be modified due to the unigue properties
of the material.

Acceptance criteria should be considered as two
distinct aspects. The first acceptance critenais based on the
portland cement mixture as delivered and is recommended
to be based on the unit weight. Atleast{1) one test foreach
day’s placement shouid be conducted to verify the rodded
weight of the material, This test of the mixture should be
conducted in accordance with ASTM C-172 and C-29.
Acceptance should be on a value of (+5) pcf. of the design
unit weight.(.25 cu.ft. sample)

The second acceptance should be based on the
pavement. There are many various methods of placement
that will resuit in considerabie differences in degrees of
compaction of the same delivered mixture. Coring of three
(3) samples of pavement will result in acceptance samples
for thickness and unit weight. The unit weight determina-
tion, aftar trimming, may be calculated based on weight
results when tested in accordance with ASTM C-140 para-
graph 14.1 (disregard suspended weight). Again, pavement
acceptance should be based on average utit weight of cores
to be within + 5 pcf. of design weight. ‘

There is presently equipment that can provide a
high degree of consolidation during the placing procedures.
The mix design may have to be modified to facilitate this
type placing equipment. When 600 1bs. is the specified ce-
mentitious content, this content should be reduced when
equipment capable of providing 95% compaction is util-
jized. This reduction will not be detrimental to the
pavement’s ability to perform under traffic conditions.

Other standard tests utilized in controiling con-
ventional portiand cement concrete for aggregate grada-
tion, cement analysis, etc., are generally appropriate for a
pervious portiand cement concrete mixture. Where suit-
abie, these tests should be perfonmed on this product.

ECONOMICS:

An important aspect in the development of any
construction project is the economic relationship to the
intended use. If a particular solution to a given problem
requires costs in excess of what is economically feasible,
then anotber solution must be sought. Portland cement
pervious pavements may be the most economical solution
to optimum land utilization aod a reduced development
cost.

The cost of usable land has dramatically increased

during the recent number of years. Water-front, commes-
cial, industrial and residential developments in metro areas
are costing anvywhere from $2.00 to $5.00 per square foot.
For example, 2 one (1) acre project with a cost of two
hundred thousand ($200,000) dollars utilizing only sixty
(60%) percent of the land for impervious building and
paving areas due (o retention restrictions would realize a
savings in their land costs of $4.60 per square foot. Ifa
reduction of retention areais achieved by utilizing portland
cement pervious pavement, this would increase land use by
approximately twenty (20%) percent and the cost savings to
the owner would be over $40,000.00. Add to this the
reduction or elimination of storm pipe, at $13.00 to $18.00
per lineal foot, inlets at $800 to $1200 each, unnecessary
curbs at $4.75 to $6.50 per lineal foot, sod for retention
areas, special overflow structures and flumes and continued
mainterance of retention areas and an additional savings of
$15,000 to $25,000 can be realized. Due t0the reflective
quatity of concrete, a 40% reduction in the number of
lighting standards, at $1500.00 each, will generate even
more savings. Consideration shouid also be given to the
requirements, in some areas, for the testing of rztained
stormn water and the expensive cleag-up procedures which
are required.

Inan economic analysis, the total project retention
area land loss, earthwork, drainage and paving costs should
be evaluated. When the project costs of storm pipe, inlets,
unnecessary curbs, unusable retention areas, etc, are ap-
plied to a 4000 square yard parking area, the cost for a
gormal impervious instailatien wouid be approximateiy
$23_50/square yard. Itisreasonable thata petsavings to the
owner could exceed $30,000.00 when portand cement
pervious pavement parking areas are required. Present
water run-off restrictions for first-flush and retention vol-
umes would also allow for very little foture expansion
potential of the facility. A portland cement pervious pave-
ment allows for more manageable use of construction sites
and allows for phased growth with a minimal effect on the

“enviromment. -

Unlegs there is an abnomal rain, parking areas
would not have standing water for patrons to aveid. The
establishment of grade profiles would be simplified when
using a portland cement pervious pavement and future
comrective drainage and structural overtays orrepairs would
be minitized. A ponland cement pervious pavement
performs best on refatively flat grades.

A new multi-family apartment compiex, using
pervious pavement, was recently constructed in Jackson-
ville, Florida, Use of this material enabled anincrease inthe
number of rental buildings by two {2), which amounted to
atotal of thirty-four (34) more income properties. This was
asignificant increase ininvestmentincome comparedtcthe
original plans which incorporated conventional pavement,
retention areas and storm drainage systems.



. If all these savings are recognized by owners and
developers, there is little doubt that a portland cement
pervicus pavement will be selected,
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FIELD PERFORMANCE INVESTIGATION
PORTLAND CEMENT PERVIOUS PAVEMENT

INTRODUCTION:

The stormwater management concept of
utilizing a portland cement pervious pavement is
gaming considerable interest by design profes-
sionals and owners that are seeking alternate
land pianning techniques. Recognizing the po-
tential for reduction in retention requirements,
many developers are investigating and imple-
menting plans with p.c. pervious pavement as
the storage area to meet the required volume.
The acceptance of p.c. pervious pavement as a
viable alternative to the present stormwater devices
such as retention or detention areas or exfiltra-
tion systems depends on the performance of the
pavement under acrual field conditions.

To date, limited information has been
available regarding the continued permeability
features of the pavement and subgrade after
years of service. The first report of p.c. pervious
pavement installation was located in England
and placed in the mid-1960"s (7. Maynard, 1970,
p.245). During the early 1970’s, p.c. pervious
pavements were placed in the United States. To
the best of our knowledge the first placements
were located in Clearwater, Ft. Myers, Naples
and Sarasota, Florida. The sandy soil conditions
- under the pervious pavement made these loca-
tions ideally suited for its application.

PURPOSE:

Laboratory studies of the material char-
acteristics and behavior under controlled and
measurable conditions are important in deter-
mining the feasibility of the use of any product,
Many laboratory studies have been conducted on
p.c. pervious concrete; however, actual field
studies on pavement applications are limited.

Since permeability and durability are the prime
factors in the evaluation ofthis type of pavement,
field investigations were conducted, of pave-
ments installed with many vears of service. The
investigations and studies included in this report
encompassed the following areas:

1.} Development of field test procedures.

2.) Pavement's long-term durability, si gnificant
signs of distress, and effect of materials or plac-
ing methods on performance.

3.) Subgrade conditions relative to permeability
and density after years of water intrusion.

4.) Degree of infiltration (clogging) of the pave-
ment.

5.) Field permeability relationships of pave-
ment, subgrade or subbase, and grass sod.

6.5 Unit weight determinations of pavement
sarnples.

7. Cylinder molding and testing relationships.

PROCEDURES:

Standard test methods suitable to con-
duct this particular investigation were limited or
not available that would result in the data neces-
sary to evaluate the servicability of the P-<.
pervious pavement. The adoption of uniform
procedures were developed and implemented 1o

‘conduct the field measurements that would pro-

vide permeability and unit weight measurements.
It was also deterrnined that it was impracticable
to conduct a composite pavement and subgrade
analysis within the scope of this study. Each



layer of the pavement’s structural section was
sampled and tested separately.

Determination of acceptable and reliable
procedures adopted for the field study were de-
veloped from a test pavement placed at the
Wingerter Laboratories' facility in North Miami
Beach. The mix design and the ‘‘no-fines”
concrete were furnished by the Rinker Materials
Corporation, West Palm Beach, Florida and the
p.C. pervious pavement was placed by Paving

Systems, Inc. of Longwood, Florida.

The scope of the analysis of the test pro-
cedures to be used in the field was expanded to
also include the effect of varying the construc-
tion placement method. Unit weight and per-
meability tests were conducted by sampling each
placemen: method. The long term durability wiil
be monitored by Wingerter Laboratories and
reported at a later date,

The placement procedures used in this
test study were as follows:

1.} Prior to placement, the subgrade (sandy soil
density) was tested by Wingerter Laboratories
in various locations for future reference. At a
later date, the subgrade permeability and density
will'again be tested to determine if any signifi-
cant changes occur after being exposed to water
infiltration.

2.) Pavement Section#1 was placed in forms and
struck-off by the use of a mechanical vibrating
screed at alow vibration setting. No other finish-
ing or compactive effort was performed on this
pavement section. The pervious pavement was
then cured for seven (7) days by applying a six
(6) mil visqueen covering to the surface. (Refer-
ence Sample #1 and #2, Appendix P-1). -

3.) Pavement Section #2 was placed as in section
#1 except the pavement was struck-off three-

fourths (3/4") inch higher than the planned pave-
ment elevation. Directly following the mechani-
cal screed, a layer of 3/4 inch plywood was
applied to the surface and then compacted to
profile elevation with a vibrating roller applied
over the surface plywood. Curing procedures
were followed as in previous sections. (Refer-
ence Sample #3 and #4, Appendix P-1).

4.) Upon completion of the curing period, eight-
een (18")inch diameter cores were removed and
tested forunit weight and permeability. The sub-
grade below the pavement was again tested for
density and permeability afier the pavement cores
wereremoved. The resultsof this testing showed
very little difference in density from the tests
conducted prior to pavement placement. The
density tests conducted of the subgrade soil and
pavement unit weight are shown in Appendix P-
L.

5.} A pavement core sample of a known permea-
bility was then purposely infiltrated with one
(1") inch of a fine beach sand and one (1") inch
of a coarse silica sand applied to the pavement
sample surface (Ref. Sample #5, App. P-1). This
was an attemnpt to ‘‘clog’’ the pavement and
measure the degree of permeability loss. The
original permeability of Sample #5 was meas-
ured to be 26.4 gals./min. After pressure wash-
ing the two (2") inches of the combined graded
sand applied to the pavement surface, testing of
the “‘clogged’” sample with one (1") inch sand
remaining on the surface resulted in the permea-
bility being reduced to 4.03 gals/min. Although
there is 2 reduction in permeability of the pave-
ment, 1t should be noted that this value is higher
than grass sod’s permeability,

Afterremoval of only the excessone inch
surface sand without decreasing the original in-
filtrated sand within the pavement sainple itself,
the permeability test was again conducted resuli-
ing in arestoration of over forry (40%) percent of
its original permeability. Continued pressure



washing of the pavement sample resulted in im-
provement in the permeability, indicating pres-
sure washing and surface sweeping may be bene-
ficial in restoring p.c. pervious pavement’s Stor-
age permeability characteristics.

- The field testing procedures that were
adopted for use in the actual field investigation
are outlined in Appendix P-2. These procedures
were not modified to any degree from the proce-
dures used in the preliminary testing and evalu-
ations conducted at the Wingerter Laboratories.
Care in pavement core drilling and removal is
advisable to reduce contamination of the sub-
grade and pavement sample. Sealing the sample
in the impervious cylinder to avoid water to
bypass flowing through the pavement core is
important.

Concurrently with the pervious pave-
ment placement at the Wingerter Laboratory’s
facility, a study of the effect of compaction on
the cylinder molding specimen method was
conducted. Over sixty (60) cylinders were molded
using specified number of blows of a ASTM T-
99 drop hammer. The results of this study are
presented in the Pervious Pavement Manual,
Appendix C8, C9, and C10.

FIELD TESTING RESULTS:

Wingerter Laberatory, N. Miami

The test results of the pavement sections
placed with and without a compactive effort in-
dicate higher permeability, as expected, when
only the mechanical screed was used for strike-
off. Conversely, the load carrying capacity is
increased when a compactive effort is applied.
The graph of the permeability vs. unit weight
shows that as the unit weight increases, the per-
meability decreases. As of this writing, the pave-
ment continues to function well and there is little
sign of distress. Minor surface ravelling did
occur in the section placed with no compactive
effort subjected to traffic conditions.

Fort Myers and Cape Coral

The oldest p.c. pervious pavements in
service are generally located in these areas and
for logistical reasons were selected as the initial
field study. The specific sites were randomly
selected for pavements that had been in service
for at least four (4) years or longer. There were
no preliminary tests conducted prior to pavement
coring that would influence the test results.

The results of field tests are included in

- Appendix P-3, Field Investigation #1 and #2.

Thepermeability of the samples removed
from these pavements showed that the surface
had been sealed-off at the time of placement.
The cement paste coated the aggregate and al-
most completely filled-in the voids between the

- aggregate particles. It was observed that this im-

permeable cement paste was to a depth of 1/8 to
1/4 inch from the pavement surface. The samples
were taped on the edges and a permeability test
was conducted. As noted in the test results, low
permcabﬂiry was observed. The pavement samples
were then mverted and a volume of water cquai
to 20% of the volume of the sarmple was poured
in the sample in the inverted position. Little per-
meability was observed however, the sample
demonstrated the ability to absorb or store water
within the sample.

The laboratory analysis verified the field
results. The percentage of infiltration (clogging)
was shown to belessthan 0.3% for these samples.
This shows that minimal pumping of the sub-
grade matenals into the pavement occurs with
portland cement pervious pavement. Although
as high moisture content of the subgrade was
measured, the density remained in the 94%-
95%, of T-180. The higher moisture content
seerns to show that some surface water was pene-
trating the pavement in otherlocations but due to
the sealed surface, little evaporation was occur-
ring of the moisture in the subgrade. The higher
moisture content of the subgrade might indicate



a loss of subgrade support; however, no pave-
ment failures were observed related to loss of
subgrade support.

Wire reinforcement {6x6:10x10) was in-
cluded in the Cape Coral pavement section. The
wire was located on the bottom of the pavement
sample and had deteriorated drastically due to
the increased amount of water the steel was
subjected to. The use of reinforcement in port-
land cement pervious pavement would offerlittle
value to the pavement’s performance.

Napies

The thickness of the portland cement per-
vious pavement sampled in this area was ap-
proximately five inches thick and the pavement
was functioning well. Little ravelling was ob-
served and generally isolated to longitudinal
construction joints of filled-in pavements placed
between adjacent pavements. The density and
moisture content of the subgrade indicated little
loss of any density over the years and a moisture

content of almost 10% lower than measured for -

the previous projects sampled. The modified
split ring infiltrometer test showed a subgrade
permeability of 0.25 gals/min/sft. To give a
perspective permeability of the subgrade, the
time required for a six inch head of water to
penetrate the subgrade was approximately 30

minutes. The pavement permeability test showed

the six inch head of water passed completely
through the pavement in 30 seconds. There were
no signs of subgrade failure in the pavement sur-
face.

The pavement sample permeability test-
ing showed a permeability rate of 7.27 gals/min/
sft. after subjected to traffic and potential clog-
ging matenial infiltration for 6.5 years. Only
3.4% of the sample was infiltrated by imperme-
able material (sand) during the life of the pave-
ment. This strongly indicated that potential
clogging of the pavement is not a great consid-
eration in the long term performance of the

pavement’s permeability.

A surface permeability was conducted
with the sample cylinder apparatus used in test-
ing the pavement sample. The cylinder was
placed on the pavement’s surface and sealed.
The results of this method showed areductionin
the composite pavement permeability of 40%.
The thought was to use the surface test method to
provide only an indication of the pavement’s
permeability performance. The water intrusion
used in this method shows that as soon as a
sufficient volume to fill the pavement void struc-
ture was reached and restricted to continuous
vertical flow by the subgrade’s lower permeabil-
ity, the water flow then diffused laterally through
the pavement’s thickness.

The results of field tests are included in
Appendix P-3, Field Investigation #1 & #2.

North Ft. Myers

Projects investigated in this area were
parking areas that had a service life of four to
eight years.” The eight year old project was
sampled and found to be five inches in thickness.
The particular pavement sampled showed some
raveling in areas subjected to traffic. There was
no evidence of any pavement distress due to loss
of subgrade support.
The subgrade permeability was measured to be
only .01 gals/min/sft. The subgrade material was
sandy with ahigh percentage of shell intermixed.
The pavement permeability was tested to be 7.76
gals/min/sft. mdicating a very high storage ca-
pacity and flow rate after eight years of service,
Laboratory analysis showed that the pavement
was only .16% infiltrated (clogging) with for-
eign material,

In order to compare the pavement’s per-
formance in relationship to the permeability of
present stormwater practice, the perrneability of
bahia sod was tested . The bahia sod was located
in an area adjacent to the pavement and the sod



was tested to be 2.15 gals/min/sft. The portland
cement pervious pavement had a permeability of
73% higher than the bahia sod.

Another project was then investigated
for permeability. No pavement samples were re-
moved from this project due to owner restric-
tions. A surface permeability test was conducted
using the cylinder sealed to the surface. The
resuits of these measurements were 9.38 gals/
min/sft. This indicates that littie clogging would
be expected within the pavement. Surface ravel-
ing did occur in various arcas of the parking
facility while other areas show little sign of
ravelling. No sign of subgrade failure was ob-
served i the pavement surface.

One area was placed where the pavement
was not pervious due to over-vibration of a wet
mixture. The pavement did perform as a high
strength pavement with normal crack patterns.
Due to the lateral flow of water from adjacent
pervious pavement, a section of the impervious
pavement did show evidence of loss of subgrade
support. The pervious pavement placed directly
in front of the dumpster showed very little evi-
dence of raveling. Also, one section 20 feet wide
and 180 feet long showed no signs of any crack-
ing after four years of service.

The results of field tests are included in
Appendix P-3, Field Investigation #4 & #3.

Summary:

The performance of portland cement per-
vious pavement in actual field service conditions
demonstrates its ability to function as a stormwa-
ter system while also. providing a structural
pavement for traffic loadings. Projects investi-
gated in this study are shown to be functioning
without significant signs of structural distress or
infiitration of foreign material to reduce its per-
meability. |

The mnvestigation showed that where areas
of impermeability or surface ravelling occurred,
the placement method and uniformity of the mix
in relationship to the mix design unit weight pro-
duced a mixture that provided a strong matrix
between coarse aggregate particles and permea-
bitity of 7 to 10 gals/min/sft. An over-vibrated
surface will seal the top 1/8 0 3/8 inch of the
surface from water penetration. Mixtures placed
without adequate water content and uncompacted
will tend to cause the surface aggregate to dis-
lodge. The field investigated showed that after
initial raveling of top aggregate particles, further
dislodgement did not continue. _

The subgrade conditions after many years
of service, do not appear to change significantly.
The density of the subgrade was measured to be
in the 94% to 96% of T-180 range after many
wet/dry cycles. Permeability of the subgrade is
an irnportant factor in the stormwater manage-
ment syster and there appears that o significant

reduction in the subgrade’s permeability can be

observed after years of service.

To date, there has not been a reported
pavement failure due to the lack of subgrade sup-
port on these projects or many other pavements
placed throughout the State. When a pavement
is placed without a cross slope, there seems to be
a vertical and lateral even distribution of fine
grain particles in the presence of water entering
from the pavement's surface.

The portland cement pervious pavement
sampled from the various projects showed that -
when the pavement’s unit weight was relatively
in conformance to the design unit weight, the
permeability and storage capacity remained high.
Care should be exercised in acceptance of a port-
land cement pervious pavement on a unit weight
criteria atone. Two projects investigated showed
reasonable conformnity (plus/minus 5 pef) to the
design unit weight; however, since the surface
was sealed in the placement operation the pave-



ment had little to no permeability. Acceptance
can be based on unit weight as weil as permeabil-
ity testing.

Potential for clogging seems to be one of
the largest concerns in the use of pervious pave-
ment. The projects investigated in this study
showed very small amounts of clogging after
many years of service. It was also of interest that
very little subgrade material was purnped into
the pavement at their interface. The attempt to
clog the pavernent with sand in the testing proce-
dure showed that the removal of surface material
with brooming restored over 50% of the permea-
bility immediately. Continuous flushing of the
pavement during normal rain fali will also in-
crease the permeability of the pavement. High
pressure washing will also assist in restoring the
permeability of the pavement.

It is of interest to note that even when the
portland cement pervious pavement was clogged
by pressure washing foreign mmaterial into the

pavement, the permeability of the pavement was

still higher than sod. The ability of the pavemnent
to provide storage as well as a media for the
transference of storm water was found to be very
good. Both suspended samples and surface test-
ing showed the pavement's ability to provide
rapid absorption of significant water in a mini-
mal time.

The field testing procedures incorporated
in this field performance study showed relatively
consistent results. Since this was an initial study,
modifications of existing and development of
new test procedures were required. Further im-
provements of these procedures will be made
including the use of the nuclear density unit to
show relative density of the pavement.

The performance investigations of the
various projects demonstated the ability of a
portland cement pervious pavement’s ability to
performunder field conditions. Additional stud-

ies will be performed on pavements placed over
types of subgrades or subbases and reported at a
later date. Based on the resuits of these studies
and other field observations, portland cement
pervious pavement will provide an effective
stormwater management systern and long serv-
ice life.

**% Special Note: This informatios is to be
used by the design professional that is compe-
tent toevaluate its significance and limitation
and who will accept the responsibility for its
proper application. The Florida Concrete and
Products Asssociation, authors and contributers
disclaimm any and all responsibility for any
other use and all responsibility for any other
use of the information supplies herein.
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PORTLAND CEMENT PERVIOUS PAVEMENT

Test Pavement
Date: September, 1987

Location: Wingerter Laboratories Test Pavement
Pavement Age: September, 1987
Subgrade Condition:

Density: 94 dry
Permeability: .48 gals/min/stt.

Pavement:

Thickness: Avg. 5 inches
Material Design Unit Wt: 116 lbs/cuft.

Placement:
Sarhple #1: vibrating screed only.
Sample #2 #3: vibrating screed and plate compactor

Sample #4: vibrating screed only
Sample #5: vibrating screed and plate compactor
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Test Pavement Continued

Sample #1:
Pavement Permeability: 4 tests @ avg. 44.89 gals/min/sft.
-Unit Wt. (field): 109.7 lbs/cuft.

Sample #2:

Pavement Permeability: 14.94 gals/min/sft.
Unit Wt. (field): 112.4 Ibs/cuft.

Sample #3:

Pavement Permeability: 8.31 gals/min/sft.
Unit Wt. (field): 115.2 I.bs/cuft.r T

Sample #4: .

Pavement Permeability: 7.01 gals/min/sft.
Unit Wt. (field): 123.1 Ibs/cuft.

Sample #5:
Sand infiltrated sample:
1 inch beach sand
1 inch silica sand

Original pavement permeability: 14.94 gals/min/sft. (Ref. Sample #2)

After 1.5 hours of pressure washing sand into sample:

1. Sample with 1" of surface sand permeability:
5 tests: avg. 2.28 gals/min/sft.

2. Sampfe 1" of surface sand removed
4 tests: avg. 6.37 gals/min/sft.

Bahia Sod: avg. 2.63 gals/min/stt.
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FIELD INVESTIGATION PROCEDURES
PERVIOUS PAVEMENTS

1. Core 18" diameter sample using minimum
water.

2. Remove sample. Insert red head and bolt in
center of sample to facilitate removal.

3. Set sample on edge and bottom toward sun on
breeze.

4, Test subgrade with nuclear gauge for density
and record.

5 Brush bottom of sample of pavement to
remove any subgrade material adhered to bottom
surface and weigh.

6. Wrap sample edge with impervious material
{duct tape, etc.).

7. Insert sample in metal cylinder that extends at
least twelve inches above sample surface and
tighten. Seal interface of sample with metal
cylinder (model clay, silicone, etc¢.) to prevent
water passage aiong sampie edge.

8. Aftach vertical scale in inches to inside of
cylinder.

9. Suspend sample above impervious surface
and fill cylinder to height of atlease 8 to 9 inches
above sample surface. Allow water to drain to
height of 6 inches above sample and begin
timing. Stop timing when water reaches sample
surface and record time.

10. Repeat procedure 9 at jeast 3 times or unti
time is constant.

11, 17" B — WATER HEIGHT
O 6"

A=.7853984 2

A=T85308 (18}2 =254.657 in2

V=254.657 in® x 6" =1,527.95 cubic inches

1 gal =231 cubic inches
1527.95 cwin./231 cu.in. gal=6.61 gals./rime required

12. Allow core to surface dry and weigh.

13. Subgrade permeability is measured by modi-
fying ASTM D3385 double ring infiltrometer
test procedure. The outer ring diameter is
reduced to 17 7/8" to allow the test to be
conducted in the 18" diameter core hole.

14. A second core is removed and placed in a
moisture proof container and delivered to labo-

ratory as soon as possible. Also a sample of
subgrade materials is also delivered to- labora-

tory.

| 15. The second core sampie is prepared and

tested as follows:
a. Brush off subgrade material from bottom.
b. Oven dried and weighed.
c. Sample thoroughly flushed and ovendried.
Initial dry weight and final dry weight are
recorded. The net difference is considersd

. the percentage of infiltration (clogging).

d. The subgrade raterial is chemically
analyzed for hydrocarbon content.
e. A six (6) inch core is removed from sample
and a split tensile test is performed and
recorded.

16. Core holes are filled to original surface
elevation.
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PORTLAND CEMENT PERVIOUS PAVEMENT
Field Performance Investigation #]
Date: March 1-2, 1988
Location: 1492 Colonial, Fort Myers, Florida
Pavement age: 10 years
Subgrade Condition:

Density: 95.8 dry, 117.4 wet, 22.5% moisture
Permeability: .123 gals/min/sample = .157 gals/min/sft.

Pavement:
Field Sample:
Thickness: avg. - 3.45"
Wt. (surface dry): 63.98 Ibs.
Permeability: .01 gals/min/sft.
Note: Sample surface sealed with cement paste. Inverted sample
accepted water with no sign of clogging.

Laboratory Cylinder (from field sample):
Absorption = 9.5 pcf.
Absorption (%) = 7.7%
Density = 124.2 pef.
% Infiltrated = 3%
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PORTLAND CEMENT PERVIOUS PAVEMENT

Field Performance Investigation #2
Date: March 1-2, 1988

Location: Royal Building, Cape Coral, Florida
Pavement age: 12 years

Subgrade Condition: :
Density: 94.0 dry, 118.5 wet, 26% moisture

Permeability: .09 gals/min/sample = .12 gals/xmnjsft

Pavement:

Field Sample:
Thickness: Avg. 4.6 inches
Wt. (surface dry): 82.4 lbs

Permeability: Sample surface sealed with cement paste Inverted
sample accepted water with no sign of clogging. Other areas not
sampled show permeability, note subgrade moisture content. Wire
reinforcement on bottom of pavement.

Laboratorv Cvlinder (from field sample):

Absorption = 12.4 pcf
Absorption (%) = 10.7%
Density = 116.3 pcf.

% Infiltrated = 0.1%
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PORTLAND CEMENT PERVIOUS PAVEMENT
Field Performance Investigation #3
Date: March 1-2, 1988
Location: Witch’s Brew Restaurant, N aples, Florida
Pavement age: 6.5 years
Subgrade Condition:

Density: 97.8 dry, 117.9 wet, 14.4% moisture
Permeability: .20 gals/min/sample = .25 gals/min/sft.

Pavement:

Field Sample:
Thickness: Avg. 4.9 inches
Wt. (air dry): 77.85 1bs.
Theo. Unit Wt.: 114.4 Ibs/cuft. _
Permeability: 5 tests; 12.8 gals/min=7.24 gals/min/sft.
Surface permeability test: 4.41 gals/min.

Laboratory Cylinder (from field sgample):
Absorption = 9.5 pcf.
Absorption (%) = 7.4%
Density = 127.6 pcf.
% Infiltrated: 3.4%
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PORTLAND CEMENT PERVIOUS PAVEMENT

Field Performance Investigation #4
Date: April 6, 1988

Location: Palm Fron, North Fort Myers, Florida

Pavement Age: & years

Subgrade: ‘
Permeability = .01 gals/min = .013 gals/min/sf’_:.

Pavement:
Field Sample:
Thickness: Avg .5 inches
Permeability = 13.67 gals/min/sample = 7.74 gals/min/sft.

Laboratory cylinder (from field sample):
Absorption = 11.04 pcf.
Absorption-(%) =93 %

Density = 118.5 pcf.
% Infiltrated = .16%

Bahia Sod: | -
Permeability = 3.79 gals/min/sample = 2.14 gals/min/sft.
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PORTLAND CEMENT PERVIOUS PAVEMENT

Field Performance Investigation #5
Date: April 6, 1988

Location: Hampton Inn, North Fort Myers, Florida
Pavement Age: 4+ years

Pavement surface permeability = 16.52 gals/min = 9.35 gals/min/sft.

Note: no sign of clogging

Bahta sod: -7 -
Permeability = 2.45 gals/min = 3.12 gals/min/sft.

Appendix P-3
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RECOMMENDED SPECIFICATIONS



Florida Concrete

Recommended Specifications For Portland Cement Pervious Pavement

Foreword

Portland Cement Pervious Pavements have become increasingly popular as a method to
meet water quality and quantity standards throughout Florida. The largest demand is found
in parking area paving. This abbreviated specification is presented as a recommended
guide for light traffic pavement loading.

Traditional portland cement pavement testing procedures based on strength, air content
and slump control are not applicable to this type of pavement material. As continued
testing of this product yields test methods that are reproducible in the field, these
recommended specifications will be modified.

106. GENERAL PROVISIONS

101. Scope of Work : The Work to be completed under this contract includes the
furnishing of all labor, materials, and equipment necessary for construction of the
proposed improvements in conformance with the plans and specifications.

102. References:
Al American Society of Testing and Materials
1. ASTM C 29 “Test for Unit Weight and Voids in Aggregate.”
2. ASTM C 33 “Specification for Concrete Aggregates.”
3. ASTM C 42 “Test Method for Obtaining and Testing Drilled Cores
and Sawed Beams of Concrete.”
4. ASTM C 117 "Test Method for Material Finer than 75 pum (No. 200)
Sieve in Mineral Aggregates by Washing.”
ASTM C 138 “Test Method for Unit Weight, Yield, and Air Content
 {Gravimetric) of Concrete.” '
6. ASTM C 140 “Methods of Sampling and Testing Concrete
Masonry Units.”

h



7. ASTM C 150 “Specifications for Portland Cement” (Types I or 11
only).

8. ASTM C 172 “Practice for Sampling Fresh Concrete.”

9, ASTM C 260 “Specification for Air-Entraining Admixtures for
Concrete.”

10, ASTM C 494 “Specification for Chemical Admixtures for
Concrete.”

11 ASTM C 395 “Specifications for Blended Hydraulic Cements”
(Types [P or IS only).

12. ASTM C 618 “Specification for Coal Fly Ash and Raw or Calcined
Natural Pozzolan for Use as a Mineral Admixture in Portland
Cement Concrete.”

13. ASTM C 989 “Specification for Ground Granulated Blast-Furnace
Slag for Use in Concrete and Mortars.” -

14. ASTM C 1077 “Practice for Laboratories Testing Concrete and
Concrete Aggregates for Use in Construction and Criteria for
Laboratory Evaluation.”

15, ASTM D 448 “Specification for Standard Sizes of Coarse
Aggregate for Highway Construction.”

16. ASTM D 1557 “Tests for Moisture-Density Relations of Soils and
Soil Aggregate Mixtures Using 10 Pound Rammer and 18-inch
Drop.”

17. ASTM E 329 “Standard Recommended Practice for Inspection and
Testing Agencies for Concrete, Steel and Bituminous Materials as
Used in Construction.”

B. American Association of State Highway and Transportation Officials

(AASHTO)

1. AASHTO T-180 “Moisture-Density Relations of Soils Using a 101

pound (454kg) Rammer and an 18 in. (457mm) Drop.”

C. Florida Department of Transportation (FDOT), Standard Specifications for
Road and Bridge Construction.

1.

2

3.

Section 345-10 - Plant and Equipment

Section 350-18 - Thickness Determinations

Section 923-1 - Chemical and Physical Requirements of Water for
Concrete

103. Contractor Qualifications : The use of an ACI Concrete Flatwork Certified
Finisher is strongly recommended. Prior to award of the contract, the placing contractor
sha!l furnish Owner/Engineer/Architect a statement attesting to qualifications and
experience and the following :

1. A minimum of 2 completed projects with addresses.
2. Unit weight acceptance data.



3. In-situ pavement test results including void content and unit weight,
4. Sample of product (1.e. core or test panel}

If the placing contractor and concrete producer have insufficient experience with portland
cement pervious concrete pavement, the placing contractor shall retain an experienced
consultant (as qualified above) to monitor production, handling, and placement operations
at the contractor’s expense. '

Test Panels:

Regardless of qualification, Contractor is to place, joint and cure two test panels, each to
be & minimum of 225 sq. fi. at the required project thickness to demonstrate to the
Architect’s satisfaction that in-place unit weights can be achieved and a satisfactory
pavement can be installed at the site location. _

1. Test panels may be placed at any of the specified portland cement pervious
locations. Test panels shall be tested for thickness in accordance with ASTM C
42; void structure in accordance with ASTM C 138: and for core unit weight
in accordance with ASTM C 140, paragraph 6.3.

2. Satisfactory performance of the test panels will be determined by:
= Compacted thickness no less than 1/4” of specified thickness.
=  Void Structure : 15 % mnimum, 21 % maximum.
e Unit weight plus or minus 5 pcf of the design unit weight.

3. If measured void structure falls below 15 % or if measured thickness is greater
than 1/4” less than the specified thickness or if measured weight falls less than 5
pcf below design unit weight, the test panel shall be removed at the contractor’s
expense and disposed of in an approved landfill.

4. If the test panel meets the above mentioned requirements, it can be left in-place
and mcluded in the completed work.

104, Concrete Mix Design: Contractor shall furnish a proposed mix design with
proportions of materials to Owner or Agent prior to commencement of work. The data
shall include unit weights determined in accordance with ASTM C 29 paragraph 11,
Jigging procedure.

2(}0. Materials:

201. General : Locally available material having a record of satisfactory performance
shall be used.



202. Cement: Portland Cement Type I or II conforming to ASTM C 150 or-Portland
Cement Type IP or IS conforming to ASTM C 595.

202.1 Fiyash and Ground Iron Blast-Furnace Slag : Flyash conforming to ASTM C
618 may be used in amounts not to exceed 20 percent of total cementitious material.
Ground Iron Blast-Furnace Slag conforming to ASTM C 989 may be used in amounts not
to exceed 50 percent by weight of total cementitious material.

Note: When Class ‘F* Flyash is used as part of the minimum cementiticus content specified in Section
301, bond strength development may be delayed and additional curing time is required. See Section 305.

203. Aggregate : Use Florida Department of Transportation (FDOT) No 8 coarse
aggregate (3/8 to No. 16) per ASTM C 33 or No. 89 coarse aggregate (3/8 to No. 50) per
ASTM D 448, If other gradation of aggregate is to be used, submit data on proposed
material to owner for approval. N

204.  Air Entraining Agent: Shall comply with ASTM C 260.

205  Admixtures:
Type A Water Reducing Admixtures - ASTM C 494.
Type B Retarding - ASTM C 494.
Type D Water Reducing/Retarding - ASTM C 494.

Also, a hydration stabilizer can be utilized and is recommended in the design and
production of pervious concrete. This stabilizer suspends cement hydration by forming a
protective barrier around the cementitious particles, which delays the particles from
achieving initial set. The admixture’s primary function shouid be as a hydration stabilizer,
however it must also meet the requirements of ASTM C 494 Type B Retarding or Type D
Water Reducing/Retarding admixtures.

206. Water ; Potable or shall comply with FDOT Standard Specifications, Section 923.

300. Proportions :

301. Cement Content : For pavements subjected to vehicular traffic loading, the total
cementitious material shall not be less than 600 Ibs. per cu. yd.

302. Aggregate Content : The volume of aggregate per cu. yd. shall be equal to 27
cu.ft. when calculated as a function of the unit weight determined in accordance with
ASTM C 29 jigging procedure. Fine aggregate, if used, should not exceed 3 cu. ft. and
shall be included in the total aggregate volume.

303,  Admixtures : Shall be used in accordance with the manufacturer’s instructions
and recommendations.



304,  Mix Water : Mix water shall be such that the cement paste displays a wet metailic
sheen without causing the paste to flow from the aggregate. { Mix water yielding a cement
paste with a dull-dry appearance has insufficient water for hydration).

» Insufficient water results in inconsistency in the mix and poor bond strength.

o High water content results in the paste sealing the void system primarily at the
bottom and poor surface bond.

400. Subgrade Preparation and Form-Work:

401. Subgrade Material : The top 6 inches shall be composed of granular or gravely
soil that is predominantly sandy with no more than a moderate amount of silt or clay.

402. Subgrade Permeability : Prior to placement of Portland Cement Pervious Pavement,
the subgrade shall be tested for rate of permeability by double ring infiltrometer, or other
suitable test of subgrade soil permeability. The tested permeability must reasonably
compare to the design permeability.

403. Subgrade Support : The subgrade shail be compacted by a mechanical vibratory
compactor to a minimum density of 92 % of a maximum dry density as established by
ASTM D 1557 or AASHTO T 180. Subgrade stabilization shall not be permitted.

If fill material (embankment) is required to bring the subgrade to final elevation, it shall be
clean and free of deleterious materials. It shall be placed in 8 inch maximum layers, and
compacted by a mechanical vibratory compactor o a minimum density of 92 % of a
maximurm dry density as established by ASTM D 1557 or AASHTO T 180.

404. Subgrade Moisture : The subgrade shall be in a moist condition (within +/- 3%
of the optimum moisture content as determined by the modified compaction test ASTM D
1557 or AASHTO T 180).

405. Forms : Forms may be of wood or steel and shall be the depth of the pavement.

Forms shall be of sufficient strength and stability to support mechanical equipment without
deformation of plan profiles following spreading, strike-off and compaction operations.

500. MIXING, HAULING AND PLACING :

501. Mix Time : Truck mixers shall be operated at the speed designated as mixing
speed by the manufacturer for 75 to 100 revolutions of the drum.

502. Transportation : The portland cement aggregate mixture may be transported or
mixed o site and should be used within one (1) hour of the introduction of mix water,



unless otherwise approved by an engineer. This time can be increased to %0 minutes when
utilizing the hydration stabilizer specified in Section 205.

503. Discharge : Each mixer truck will be inspected for appearance of concrete uniformity
according to Section 304. Water may be added to obtain the required mix consistency.
A minimum of 20 revolutions at the manufacturer’s designated mixing speed shall be required
following any addition of water to the mix. Discharge shall be a continuous operation and
shall be completed as quickly as possible. Concrete shall be deposited as close to its final
position as practicable and such that fresh concrete enters the mass of previously placed
concrete. The practice of discharging onto subgrade and pulling or shoveling to final
placement is not allowed.

504. Placing and Finishing Equipment : Unless otherwise approved by the Owner or
Engineer in writing, the Contractor shall provide mechanical equipment of either slipform
or form riding with a following compactive unit that will provide a minimum of 10 psi
vertical force. The pervious concrete pavement will be placed to the required cross section
and shall not deviate more than +/- 3/8 inch in 10 feet from profile grade. If placing
equipment does not provide the minimum specified vertical force, a full width roller or
other full width compaction device that provides sufficient compactive effort shall be
used immediately following the strike-off operation. After mechanical or other approved
strike-off and compaction operation, no other finishing operation will be allowed. If
vibration, internal or surface applied. is used, it shall be shut off immediately when forward
progress is halted for any reason. The Contractor will be restricted to pavement placement
widths of a maximum of fifteen (15") feet uniess the Contracior can demonstrate competence
to provide pavement placement widths greater than the maximum specified to the satisfaction
of the Engineer.

505. Curing : Curing procedures shall begin within 20 minutes after the final placement
operations. The pavement surface shall be covered with a minimum six (6) mil thick
polyethylene sheet or other approved covering material. Prior to covering, a fog or light
mist shall be sprayed above the surface when required due to ambient conditions {temperature,
wind, and humidity). The cover shall overlap all exposed edges and shall be secured (without
using dirt or stone) to prevent dislocation due to winds or adjacent traffic conditions.

Cure Time :

1. Portland Cement Type I, II, or IS - 7 days minimum.

Porzland Cement Type T or II with Class F Flyash (as part of the 600 lbs/cy

minimum cementitious) or Type [P- 10 days minimum.

3. No truck traffic shall be allowed for 10 days (no passenger car/light trucks for
7 days).

S\)

506. Jointing : Control (contraction) joints shall be installed at 40 foot intervals. They
shall be installed at a depth of 1/4 the thickness of the pavement. These joints can be



installed in the plastic concreta or saw cut. If saw cut, the procedure should begin as scon as
the pavernent has hardened sufficiently to prevent raveling and uncontrolled cracking
(normally afrer curing). Transverse construction joints shall be instalied whenever placing
is suspended & sufficient length of tiime that concrete may begin to harden. In order to assure
aggregate bond at construction joints, a bonding agent suitable for bonding fresh concrete
to existing concrete shall be brushed, rolled, or sprayed on the existing pavement surface
edge. Isolation (expansion) joints will not be used except when pavement is abutting slabs
or other adjoining structures.

600, Testing, Inspection and Acceptance :

601. Laboratory Testing @ The owner will retain an independent testing laboratory.
The testing laboratory shall conform to the applicable requirements of ASTM E 329 “Standard
Recommended Practice for Imspection and Testing Agencies for Concrete, Steel, and
Bituminous Materials as Used i Construction” and ASTM C 1077 “ Standard Practice
for Testing Concrete and Concrete Aggregates for use in Construction, and Criteria for
Laboratory Evaluation’™ and shall be imspected and accredited by the Construction Materials
Engineering Cowuneil, Inc. or by an equivalent recognized national authority.

The Agent of the testing laboratory performing field sampiing and testing of concrete shall
be certified by the American Concrete Institute as a Concrete Field Testing Technician
Grade I, orby arecogrized state or national authority for an equivalent fevel of competence,

602. Testimg and Acceptamce: A minimum of 1 gradation test of the subgrade is
required every 5000 square feet to determine percent passing the No. 200 sieve per
ASTM C 117,

A minimum of one test for each day’s placement of pervious concrete in accordance with
ASTM C 172 and ASTM C 29 to werify unit weight shall be conducted. Delivered unit
weights are to be determuined in accordance with ASTM C 29 using a 0.25 cubic foot
cylindrical mretal measure. The measure 1s to be filled and compacted in accordance with
ASTM C 28 paragraph 11, jigging procedurs. The unit weight of the delivered concrete
shali be +/- 5 pcf of the design mnit weight.

Test panels shall have two cores taken from each panel in accordance with ASTM C 42 at
aminimum of seven {7) days after placement of the pervious concrete. The cores shall be
measured for thickmess, void structure, and unit weight. Untrimmed, hardened core samples
shall be used to determine placement thickness. The average of all production cores shall
not be less than the specified thickness with no individual core being more than 1/2 inch
less than the specified thickness. After thickness determination, the cores shall be trimmed
and measured for unit weight in the saturated condition as described in paragraph 6.3.1
‘Saturation” of ASTM C 140 *Standard Methods of Sampling and Testing Concrete



Masonry Units”. The trimmed cores shall be immmersed in water for 24 hours, allowed to
drain for one (1) minute, surface water removed with a damp cloth, then weighed immediately.
Range of satisfactory unit weight values are +/- 3 pef of the design unit weight.

After a minimum of 7 days following each placement, three cores shall be taken in
accordance with ASTM C 42. The cores shall be measured for thickness and unit weight
determined as described above for test panels. Core holes shall be filled with concrete
meeting the pervious mix design.

*#*SPECTAL NOTE: This information is intended to be used by the design professional
competent to evaluate its significance and limitation and who will accept the responsibility
for its proper application. The Florida Concrete and Products Association disclaims any and
ali responsibility for any other use of the information supplied herein.

Florida Concrete and Products Association Inc.




DESIGN PROCEDURES



INTERIM GUIDE FOR DESIGN OF

PORTLAND CEMENT PERVIQUS PAVEMENT

FOREWORD

The object ofthis interim guide is to provide a basis
for analysis of known data and offer procedures in the deter-
mination of thickness requirements and geometric design
considerations for portland cement pervious pavements.

& pervicus concrete mixture is 2 unique material
and has behavior characteristics unlike conventional port-
land cement concrete or asphaitic concrete pavements.

Although these characteristics differ, they are predictable .

and measurabie. To date, most research and testing data
relates to building construction applicaions and limited
research is specifically pavement refated.

Although there is [imited research relative to sub-
grade reactions, basic materal properties and analysis of
construction procedures, observations have been conducted
oo a number of projects in Florida that have shown good per-
formance. These projects have arange of good service from
six {6) months to as long as ten {10} years. s

As more research and field observations are ob-
tained, future revisions will be made to the proposed meth-
ods presented.

PAVEMENT STRUCTURAL DESIGN

In the structural determination of a pervious pave-
ment, two distinct analyses should be conducted. Recog--

nized procedures for designing -both rigid and flexible
pavements will providée acceptable thickness requirements
for specific applications with predictable resuits. The
resulting pavement thickness and subgrade criteria should
then be analyzed for reservoir capacity and subgrade per-
meability. Since the void structure of the pavement is to be
used, io many cases, as a storage reservoir for storm water
run-off, the thickness mast also allow for anticipated vol-
umes. The greater thickness requirement of the two analy-
Ses, structural or storage retention, should be used.

Pervious mixtures exhibit physical properties that
aliow for pavement structural determinations to be con-
ducted by either a flexible or rigtd pavement procedure. In
either precedure, guidelines for pavement performance,
traffic, roadbed soil, matesdial properties, environment,
drainage, relizbility and life cycle costs should be consid-
ered.

The design of a pervious pavement should nor-
mally provide for the top six (6") to twelve (12) inches to be
predominantly sandy with moderate amounts of silts and
clays and poorly graded (AASHTO A-3). This type of
subgrade material offers good suppont values as defiped in
terms of the Westergaard modulus of subgrade reaction (k)
in pei. Support values will generally range from k=150 to
220, Itissuggestedthatthe knotexceed 200 and 150t0 175
may be suitable fordesign purposes{Appendix F). The com-
posite modulus of subgrade reaction is defined using a theo-
retical relationship between k-values from the plate bearing
test and the siastoc modulus of subgrade soil as: k-MR/19.4
where MR is roadbed soil resilient modulus (psi}. Field test
results and their evaluation will provide site data that would
increase the reliability of the design and are recommended
{SeeTesting & Evaluationsectionof Manual for LBR, CBR;
permeability, density, etc.).

_ Special precautions should be considered in the
design of a pervious concrete pavement in areas with
roadbed soils coptaining significant amounts of clay and
silts of high compressibility, muck and expansive soils
{AASHTOA410 AT). Itisrecommendedthat highly organic
materials be excavated and repiaced with soils containing
high amounts of sand conforming to A-3. Also, the design
may include flter reservoirs of sand, open graded stone and
gravels toprovide adequate containment and increase the

‘support values. “Another design alterpative 'is a sandy

subbase material placed over a pavement drainage fabric to
contain fine particles. In lieu of the sandy soil, 2 pervious
pavement of larger open graded coarse aggregate (1-1/2")
may provide a subbase for a surface coarse of a pervicus
mixture containing (3/8") aggregate.

The depth of the subgrade con$itlération is directly
relatedto the permeability of the soil andvoid percentage of
the pavement stracture, The calculated permeability of the
subgrade combined with the void percentage of the pave-
ment thickness will determine the retention capacity values
of the system. Ifthe total value of the system meets rwenty-
four (24) hour requirements but would not be adequate for
the twenty-five (25) year retainmentregulations, a container
curb of sufficient beight for containment purposes may be
included for the perimeter of a parking faciliry.

"Anticipated traffic leading projections (E18kipSAL) and



appropriate terminal serviceabilties (Pt) can be determined
as in any recognized design procedures {(Appendix G}
Careful attention to this anticipated loading will provide the
data required 10 project the life expectancy of pavement
performance. This design guide will not cover an in-depth
analysis of anticipated vadings since these procedures are
adequately discussedin other recognized design procedures,
The concrete properties are a very important function of a
rigid pavement design analysis. Rigid pavement design is
based on the beam streagth of the pavement which distrib-
utes loads umiformly to the subgrade. Since the beam
strength determines the performance level of the pavement
and its service life, the properties of the pervious concrete
should be carefully evaluated.

_ A mix desigs for a pervious pavement application
will yield a wide range of strengths and permeability values,
depending oo the degree of compaction. A pavement
subjected 1o loadings will cause continuous bending of the
siab, The resistance to these deflections is related to the
subgrade support, the strength of the beam and relatively
long joint spacing. In a rigid design procedure, a modulus

of rupture (flexural strength) value is predetermined for the .

purpose of using specific formulas, chans or graphs. This
value will directly influence the thicknessrequirementofthe
proposed pavement. The modulus of rupture should be
selected on a reasonably obtaigable value that would rejate
to the serviceability and economics of pavement.

Testing of the proposed pervious mixture will
result in data that should be used in the design procedure.
The testing methods and recommended modifications (o
standard procedures are discussed in the Testing & Evalu-
ationsectiont of this manual, Splittingtensile srengthresults
of the proposed mixture can reasonably be assumed to be
sixty-five (65%) percent of the actual flexural strength. Test
cylinders from trial batches will indicate the fevel of per-
meability and unit weight of the concrete, As stipuiated
previously in this manoual, a minimum void structure of
fifteen (15%) percent should be achieved. Test data indi-
cates a range of flexural strengths from 300 to over 600 psi:
Pervious pavement strength is greatly influenced by the
degree of compaction as well as standard strepgth criteria

such as aggregate, cement content, w/c, ete. The designer

should be cautioned that the splitting tensile strength indica-
tions of the test cylinders, prepared for mixer discharge, may
differ from in-gitu pavemnent strengths due to the difference
in the Consolidation methods. The degree of conselidation
of pervious pavement is directly affected by its unit weight.
It is recommended that unt! such time as acceptable stan-
dard placing procedures with predictable strength and per-
meability results are available, 2 designer should establish
acceptable design criteria values forunit weight relatdonship
to modulus of rupture, subgrade support, permeability vai-
ues and anticipated equivalent 18-Kp Single Axle Loads

(E18K SAL), These values will establish the thickness and
retention requirements of the pavement based on a recog-
nized rigid pavement design procedures. An adjustment in
thickness based on in-sita test data for unit weight permea-
bility is only feasible whea the projects duration is such that
these vaiues become available prior to projects completion.
If applicable, test resuits will determine thickness adjust-
ments relative to the original design criteria.

To develop thickness adjustment factors, 2 set of
thickness determinations were made for 25 psiincrements of
the moduius of rupture for values of 300 pst 10 650 psi as
shown in Appendix H. The E-values commesponding 1o each
of the modulus of rupture values were used while ali other
values were kept constant.

The apalysis showed an inverse relatien of 0.12
inches in thickness for each 25 psi change in the modulus of
rupture, or

AD =0.12" (LMR)

25 psi (1y

" where

O = change
D = Thickness
MR = modulus of'rﬁpture :
No{e: When MR is positive, 2 D will decrease,
The adjusted thickness becomes,
Dadi.=Dd+ A D (2}
where the superscripts are:
adj = adjusted thickness
d = design thickness
and A D is determined from Eq. (1}

The modulus of rupture from constructed pavement test

data may be established from split tensile tests as follows:
‘MRc'= (1.54) STe wd 3
‘ . We

where superscripts are: c=construction, d=design, and

notations are: ST=Split Tensile strength, w=unit weight.

The vaiue of MR determined in Eq. {3) may be substituted
into Eq. (1) to establish the necessary correction. This value
is substitnted into Eq, {2} to give the adjusted thickness.



The flexural strength may also be based on split
tensile strepgth values determined from core samples using
the following equation:

= [(1.54)/0.857 STp {4)
ar,
MR = (1.82) STp
where the superscript is:
p = pavement split tensile sorength.
The factor of 0.85 in Eq. (4) is based on the
assumption that the core strength is 85 percent of the

cylinder strength. The logarithmic relation between the
calculated thickness and the modulus of rupture suggests:

logh=Loga-bLlogMR &)

or,
b

D =aMR) {5a}
where:

a=11.8

b= -0.58
See appendix L

The data presented in Appendix | suggest.me equation:

-{).58 i
D= 1.8 (MR) (6)
{100)

The equation (5} yields approximately the values listed in
Appendix H, as follows:

MR APPENDIX H Eguation (5)
300 6.19 - 6.24 :
500 4.61 4.64
650 4.00 3.98

Cajculation made easy in the foilowing form:
~ 038
=100} . 11.8 (6a)

(MR}

Asinall design procedures, a minimum structural thickness
should be established. Recommended minimum structural
thicknesses are as foliows:

Parking areas, cars & light trucks = 5"

Commercial dnve lanes =5"t0 6"

Indusizial drive lanes = 6" (+)

The minimum structural thickness may have to beincreased
to compensate for strength or retention deficiencies. Atwo
(2%) percent reduction below minimum void content of
15% should require an additional one (1") inch thickness,

FLEXIBLE PAVEMENT ANALYSIS:

A flexible pavement design procedure requires the
establishment of layer coefficients to each layer material in
the pavement strucfure. The layer coefficient is an
empirical relationship between the Structural Number (5N)
and the thickness. This structural layer coefficient
expresses the relative dbility of the material to perform as
a structural component of the pavement system.

The Flexible Pavement Design Manual, Florida
Department of Transportation{FDOT), (19, Florida Depar:-
ment of Transportation, 1980, p.27) establishes the follow-
ing layer coefficients based on the compressive strength of
the econocrete {lean mix) material in psi as:

Econccrete 800 psi = .22 Layer Coefficient
Econocrete 1100 psi = .25 Layer Coefficient

The 1986 AASHTO Design Guide also refer-
ences a cement-treated base with 800 psi to correspond to
a.22 structural laver coefficient {5, American Association
of State  Highway and Trapsportation -Officials,
pp.Ii-20). Thisisthe same layer coefficient as stipulated
inthe FDOT Manual with the exception that AASHTO
design i¢ related to seven (7} day unconfined compressive
strengths +(psi). Therefore,” the .22 structural layer
coefficient may be considered a reasonable value,

In order todetermine structural layer coefficients
forpavement sirengthsinexcess of 800 psi and in astrength
range of normal 3000 psi compressive strengths or higher,

~ a relationship to layer coefficient (2 ) and compressive

" strength

(f' )is as follows:
a, =0.22 +.0001 (f -800)

This equation relates to structural coefficients of .44 fora
3000 psi concrete pavement. Itshouldbenoted thatthe .44
value is the same coefficient as FDOT Ty 5-1 asphalt
surface pavement. A conventonal concrete pavement
placed by Flonda DOT specifications will generally have
compressive strength in excess of 3600 psi.  Applying this
value.to the above equation, a layer coefficient of .50 is



obtained. A value of 50 for the layer coefficient aiso
follows the 1972 AASHTO Design Guide for concrete
buase course.

The Structural Number (SN} is an abstract number
computed by expressing the required total structural
strength of the pavemeni. Inadditionto the structural layer
coefficient, The 5N is a fuaction of scil support values
(SSV), totalequivalent 18 kip single axleloads(E 18's SAL)
and terminal serviceability (Pt). In addition, the (988
AASHTO Design of Pavement Structures identifies other
performance criteria that should be inciuded ina flexible
pavement system. This criteria includes reliability and
design serviceability loss, envirpnmental effects, econom-
ics, etc. The SN Conversion to actual thicknesses of
surfacing, base and subbase, is calculated as follows for a
pervious concrete pavement:

azDsms'

SN=a2 D+aDm +
1 1 1 1 2
whers

4,028, = layer coefficients representative
of surface, base, and subbase courses,

respectively,

D, .D,.D, = actual thickness (in inches) ofsur_face,
base, and subbase courses, respectively,

m m = drainage coefficients for base and subibase
layers, respectively.

For recommended values of modifying structural layer
coefficients and design charts, refer to AASHTO Design
Guide and Florida DOT Flexible Design Manual.

GEOMETRIC DESIGN CONSIDERATIONS:

The establishment of profile grades fora poriland
cement pervious pavement is relatively simpie in
comparison to animpervious pavement. The voidstructure
of a pervious concrete mixture not only allows for the
vertical transmission of water, but will also aliow horizontal
flow. This unique ability should be consideredin establish-
ing the drainzge profiles.

The vertical rate of flow is directly related to
the permeability of the subgrade and the thickness and void
ratio of the pavement. To the extent possible, parking area
profiies should be graded level. This will allow increased
time for the subgrade to absorb and transmit water to the
iower strata and reduce the horizontal flow rate. Where
conditions do not allow for level profile grades, the
designer may consider providing impervious barriers
transverse (o the direction of hogzontal flow. These
barriers can easily be installed by increased consolidation

of the pavement stiip along the edge of wansverse construc-
tion joints. The increased consolidation will close the void
structure in thig locaton. Ipstalling of transverse sirips of
normal impervious concrete could alse offer reduction in
lateral flow in the down grade direction. Container curbs
around the perimeter of a given area will also assist in
reducing lateral flow rates and assistin meeting 25 and
100 year containment requirements,

The designer should be cautioned that observa-
tion of projects with prades incliped in excess of 5% were
found 10 significantly undermine pavement edges. This
undermining had also occumred when a perimeter barrer
curb was provided on a project with a vertical grade of . 5%
cross slope.

On projects that were converted 162 pervious
pavements after a storm drainage system was already
installed, it was observed that significant amounts of water
had collected on the outside of the inlets. Ifinlets and storm
drain pipe designs are used for collection of excessive
stermwater, provisions for allowing water to enter the inlet
at 2 elevation ofless than [0 1 §/2 inches above the bottom
of the pavement should be made. This will allow forstorm
water in'the pavement to enter the inlet and reduce
consclidation of material backfilled around the inlet due 1o
£xcessive moisture,

Geometric design is important to the performance
of pervious pavements. Local and state regulations should
be observed in relation 1o run-off restrictions. Pervious
concrete pavements have the ability to meet requirements
for storm water containment and provide structural integ-
rity, -

Additonally, subgrade materials of free draining
sands may be necessary to a depth of 6 to 12 inches in areas
with soils of low permeability. Afier compaction, soils
pave much less vertical water transmission than fateral
transmiission by a ratio of as much as 1:10. In these cases,
holes or renches 12 to 24 inches deep and filled with open
graded aggregate ora pervious mixture may be provided
toincrease the rate of absorption of water into the subgrade.
Thismethod may be useful where the water storage capacity
ofthe pavement is marginal or where soils have low permea-
bility. A word of caution is appropriate; this method may
cause differendal support values of the pavement.

*** SPECIAL NOTE: This information is intended to be
used by the design professional competent to evaluate its
significance and limitation and who will accept the respon-
sibility for its proper application. The Florida Concrete
and Products Association disclaims any and all responsi-
bility for any otheruse of the information supplied herein.
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PERVIOUS CONCRETE TEST RESULTS
RINKER MATERIALS CORP.

a/0 W/C TEST VOID  COMPRESSIVE FLEXURAL JENSITY
RATIO  RATIO AGE RATIO STRENGTH STRENGTH
. (Dave) (%) (PSI) (pei) (lbs/cfr)
6.01:1 0.25 7 21,0 700 N/A 106.6
o 0.25 N/A 25.5 — N/4 101.0
" 0.25 N/A 22.4 - H/A 102.0 -
" 0.24 7 28.8 310 B/& 87 4
" 0.24 N/A 31.0 - N/4A 94 .0
o .25 7 27.5 1174 N/A 99 .7
0.25 N/A 28.0 - q/A 98,5
" 0.24 7 —— -— 225 -
" 0.24 7. - - 190 -
&.07:1 0.25 ' 7 16.2 2049 N4 111.7
" 0.25 7 13.8 1794 R/A 108.9
o 0.25 7 19.8 2119 N/ 4 108.9
" 0.25 7 24,2 1389 N/A 165.8
" 0.25 7 - - 305 1071
A 0.25 7 —— — 283 105.1
1.89:1 0.22 7 - 1170 N/A 104.4
“ 0.22 7 - 950 . N/A 102.0
" 0.22 7 — 1030 N/A 1ol.}
4 0.30 7 - 1730 N/A 114.4
" 0.30 28 - 2830 R/A 112.7
" 0.30 7 - - 140 -—
691 £.30 7 17.1 2360 - 113.5
" 6.30 7 17.1 2350 - 114.0
" 0.30 7 16,8 2280 o 114.0
" 0.30 14 16.3 2299 -_— 115.0
" 0.30 14 17,1 2210 — : 112.8
3 0.30 L4 15.9 2060 o 1143
u 0.30 28 17.1 2310 — 113.0
" 0.30 28 17.1 2470 - . 112.8
u 0.30 28 14,7 2640 — 114.5
" .30 7 - - 255 _—
" 0.30 28 -— - 355 -
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PERVICUS CONCRETE TEST RESULTS
RINKEIR MATERIALS CORPORATION

A/ W/ G TEST VOID 'COMPRESSIVE FLEXURAL DENSITY
RATIO RATIO AGE RATIO STRENGTH STRENGTH (WET)

(DAYS) (%) (ps1) {(Ps1) lbs/cft

4.07:1 0.30 7 15.3 2627 N/A 118.1
6,071 0.30 7 10.8 3418 N/A 123.7
L.07:1 0.30 7 12.6 3009 N/A 121.7
4.07:1 0.30 7 15.3 2866 N/A 119.%
4.07:1 0.30 7 ——— —— 555 124.0
4.07:1  0.30 7 ———— ——— 565 125.0
4.07:1 0.30 14 —— e 550 D em—
4.07:1 0.30 14 ——— —— : 565 eeaen
4,071 ¢.30 28 ——— ——— $40° . e
07:1 0.30 28 e e n 545 e
£,.10:1 0.29 7 16.5 2409 ——— 115.1
4.10:1 0.29 7 16.0 2337 e 117.9
4.10:1 0.29 7 16.2 24623 ———— C117.1
4.10:1 8.29 7 17.1 2092 ' —_— 116.4
4.10:1 D.29 7 17.3 2135 — 116.1
6.10:1 0.29 7 17.8 2242 ——— 115.1
4,10:1 0.29 7 17.§ 2157 -—— 115.1
4.10:1 0.29 7 20.7 1741 — 111.7
4.10:1 .29 7 21.2 1733 — 112.2
4.10:1 0.29 7 ———— ———— 370 108.8
4.10:1 0.29 28 —— — 380 109.6
4.10:1 0.29 28 — — 440 121.5
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RINKEE MATERIALS CORPURATION

i VOIDS-USABLE

I VOIDS-GRAVIMETRIC i
22.2 16.6
20.2 16.0
20.8 16.2
2.1 17.1
21.3 17.3
22. 17.8
22.2 17.9
24.5 ] 0.7
2601 21.2 .
20,0 % 15.3 -
1.2 - ) 10.8
2 12.6
18.9. . 15.3
25.1 ' 16.2
26.9 ' 19.8
26.9 19.8
29.0 24.2
28.3 _ 21.0
32.1 25.5
31.4 ‘ 22,4
34.5 ‘ ‘ 28.8
36.8 31.0
33.0 . 27.8
33.8 28.0
22.8 ' _ 17.1
22.5 17.1
22.8 16.8
21.8 16.3
23.3 17.1
22.3 15.9
23.2 17.1
23.3 . 17.1
22.2 ’ 14,7
X = 24.7 X =19.04
S= 5.08 S 4_75

The I voids-usuable was determined in the following manner:
1) the volume of a 6x12" test cyIinder is (0.196 cu.ft.) or(5552 cu. cr. )

2) afrer 20 hrs, z &, the pervious concrete test gpecimen was filled with
water and the volume noted. '

3) this volume was divided by the toral volume capacity and the 7 rerention
noted,

The % vcids—grdvimetric was determined in accordance with ASTM C-138-81
using the wet-unit weight of the individual test cylinders.
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Error
30
% VOIDS-
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200
~ Y=0.8980 ¥ -3.100
Stand Error-of Estimate=2.189%

r={L961

No. of Teste=13
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{

0 10 20 36 40 . 5
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Cement = Type [ Portland
. Coarse Agg = Crushed Limestone 3/8" Pea Rock
Addmixtures = A.E.A. and Water Reducer
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- QUALITY CONTROL L:&BQ ’*:TOR".,.L.- THE
R i T'.?‘J?.‘.‘.“.J‘-'.‘JJIN‘.!-an'.--L‘ e 1 . L . E5>
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"EST PALM BEACH, FrORTos 33402 TELEPHONE  gax.:c

CONCRETE MIX DEsigN

Customer

Date “
May 22, 1987
loh | | - | Approved By -~

C mé Ko, .

REMARKS

THIS Mry Is DESIGNED FOR A

NORMAZ, RATE oF COMPACTICON
IN THE FORM

CONCRETE TEST CYLINDERS

SIZE: g x yan
EEEEbLzDATION:

TAMPED WIT.,
PROTCR R

FLEXURAL DATA: SPLITTING
TENSILE y 1.35

W/C Ratig. Lb./Lh,
W/ Rntiu-GsE./Sz.

F i Combinegd Mix _
| F M Arrregate

| Total Solids (c,.. pqf
Toiah&gzrezate
Wclgh/Cu. Fi,

Wt./Cu.F{,/Dry
Cement Bmd
B ADMIX ERAND

| ALELA. BRAND

YR _GRACE

[AL ArEreyate HEts are 5.5.0])
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Crder No: 86-106¢

| UNIVERSAL \

I Date 1a: lasua:
| ENGINEERING TESTING COMPANY  \ Ind lssus: B-20-56

k P.03. Box 857 « Memt! Islana, Flonda 32952 « (305} 4521008 ard lssue: ---
Finai laaue: 9-03-86

FLEXURAL STRENGTH
OF CONCRETE BEAMS

REVIZSZID: 8-21-8s

Clisnr: Rinker Materials
P.0. Box £385 {Order Ng.:
Titusville, FL 2327BD
Project: No Fines Concretve, Titusville, FL
(Z f flad St R R
Q,f% Specifie razj.g : ]
|20
2x! |
e l
Date Sampled: | B-06~356 Time Sampled: 11:20a.m, ) ) !
Sampled By: © K. Hill {Rinker, 2.C)  Slump: -- i
< Truck Number:. - R Alr Content {by voluma); -- T %
= Ticket Number: - Concrete Temparature: 52 TE
Q[ Time Batched; 11:0%a.m. . ' No. of Beams Cast: 1 Set of &
Q Quantity of Load: - cy. yda, Amblant Temperatura: g0 F
- | Water Added at Slta: -- . gaflons Weather Conditions: Sunnvy
< | Contractor: .7 Client . Admixture: -
S Suppiler: ::-. -
E}f Location of Placemant: -- _
|
Age Zeam Dimensions Max. Appiied | Moduius ef |,
Dat Br o 7
g ( ate Tested (days) J Wideth x Peotrhs fin ) | Lgad rips.) Rupture (psi.) [Averege (psi)
= - |
A1 B~13-86 .7 6 x 6 x 18 7 6,650 555 e
o] 8-13-38 7 6 x 6 x 18 6,750 565 ' -
o o
2] 8-20-88 14 6 % 6 x 18 5,600 550 50
2| 8-20-85 14 §x 6 x 18 5,750 565
- - [
o oL -
Wl9-03-85 28 & x 6 x 18 6,500 540 545
; 9-03-86 8 & x 6 x 18 6,350 545
@ } Test Performed per ASTM £-78 Test Span .= 18.0 inches [
bt .
=<
=
I ! I
a

Y v

Cf.ar‘es Scsmuelson FLE.
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No~Tines (Joncrete-I05 FroperTles & ADDLITZETIONSG,
Y w. Mzlhonra
&G : 1025
!
H g
: 1
1400 f } 962
g | f ; [
) l i : { ! a2e
X oo ‘ ; i 3 : 2
= i ; : !
- i i ! :
s i ; l
: 1Goo ] ‘ 638
@ / | '1 Coorus aguregates  * Crushed boat
= s | Ygter + Cament Rorw t O &3
= / r i Agreqare : Carars Ranc <8 | e
‘ -
‘ 549
w BOOE ! ‘ T :_:,
) J / [ z
= ; L i
g 600 : : ez
- | - | -
: | L
£ < 275
g 4 i ; - ! )
£ ‘ : |
5 l ! |
[ ! 1 : |
| ( E T
| i |
ot i ‘ [ ‘ I ; .
Q el 20 0 a0 50 60 70 a0 20

Age, moning

Fig. 9——Relationship between age and compressive strength of no-fines concrete. (From Reference

500 : 343
Couorss Aggregate ¢ Cruenen Basalt ! ] E i
water + Cerrent Rotior 043 : F J :
Agoregoie r Cament « 8 | é i i i P e
400 , i 775
! i ; N f
a : I ! : !
o : ! ! . F ; i
5 300 ; Z.06
=2 i ! | '
a / ! ‘ ' ! "
& . | : | Spacimen Sie 118X 9 X 4:Z5-k piedt £
= / ! i | {457 X229 X108-mm) é
¢ zo’a; i | | HOTE « giobe ware tested of Bin, (18 (~mml spon| 37
5 j wiily camry poirn (oading
3 i I
=z ! ! !
100 - {063
T T
| ! J 1
i | | { | J !
Q o}
0 o z0 30 a0 0 60 70 %) 0

Fig. |0—Relationship between age and modulus of rupture of no-fines concrete. (From Reference
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MATESIALS ENG/NE::.WG TESTING AND INSFECTION

March 1%, 198¢
Flor:zda Rock Indus:zrics
2920 West Linmgbauvcr Avenue
Tampa, Florida 2521
Subject: Flow Rate
rorous Concrere Specimens
Proiect No. TL-22g2 -
Gentlemen
on March 3, Terry Posner of Tlor:ida nock Industries deliveraed
twoe sarples of cerous ceonorece 4o our laboratory faor the purgose of
determining the flow rate of water through these samples. The
opject of the test gsrogram was to pProvide comparative tese data

between the Zield tolded test SEpecimen and the actual in place

concrete. Sanmple No. 1 was a 6" x 12 cylindrical Specimen, which

we were informed had been molded in the field 1n accordanece with

FUCT test gprocedure SM 5-529. Sample No. 2 was a 3° x 1.75" field
samzle 5%" thich, which we were informed had been obtained from. the
pavement. Both sanmnlzs wers cur =g chbtain tesg: specimens cf
goproximately tis ceme size. The LoD 3%" of Specimen No. 1 and a &"
core from Scecimen Mo, @ owere ‘tested

The samples ware confined in plastic molds to Drevent lateral

Then, water was placed over tha samples and permitted to

ty

low
freely through thre samples. The water level was maintained at

r

Flow
a constant height ©f 0.25" above the top of the samples. The amount

water flowing through the samples In a one minute perisd was

of

determined by cocllecting and welghing the water, This procedure
was repeated 3 times for each sample and the average flow rate
calculazed therefronm. Jext, 100 grams of mertar sand {(FDOT $02=22)

was spread uniformlvy over eaech  sample  and  the same testing

AAT9VVEST CLURTIS STREET o 2 (3 BOX 15732 « TAMPA, FLORID 4 33619 « PHONE 18131 872-7821
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crocedure followed. The roezults of the TesSTsS are Etrtached. s
- - - —ye ] = P P, g N
spoLld ne notad that the tast results only pertain to Iree-flow

wha condltlons stated.,  Actual flow raues
snclizions waould wvary a

n
‘n mix desizn, metho
a

L
s

aractsristics and manv othe

Thanks Ffor uvtilizing cur services in thils mat+ter. I thers=s

these tests, please do not hesitate to

i
]
|
I
o’
YAl O

sre any gquestlichs conc

4]

W/”?VZ,.-//“

S James F. Orcriino

recident



JAT-'::JL,.S E*‘C/NE_H’NG TESTING AND INZFECTICN

BiV w CLADS STREEN «# O GRI 15732 » TdWld Fr GRIDA 1D614

FROJELT: Flow Rate of Faoropus Concreceo PROJECT NG TLw2363
Lagd NO:
ne. DATE. Harch 17, 1986

LIENT: Florida Rock Induscries, It

SAMPLE NQ. 2 ~ Field Specimen

SAMPLE KO. 1 — Compacted Cylinder

Tesr Flow Rare? Test Flow Rare®
Number {gals./s5a. ft./min.) Numoer {eals./sa. fr./min.}

1 : J.55 [ 3010

2 3,32 . | .15

3 el | 2 513

4 3.59 . S C 5.6

5 3.57 s C5.10
Average 3.57 Jverage 5.13

_ Flow Race~with 100 grams Flow. Rate* wich 100 grams
Test Masonry Sand : Test _Masonry Sand
Jumoer {gals./se. fr./min.) Number {2als./sqg. fr./min.}

) | b4l L 161

2 £.33 2 1.59

-3 1.22 _3': 1.52

4 L.24 P 1.52

5 1.09 s 1_&7'
sverage 126 . Average 1.54

*Flow rate when wacer level maintained C.23" asove top of sample.

prea)
™
LS
3
=
=
tn
s
o]
Iad]
—
o
"
-
i
L
BT
(&)

ck Industrics, inc. (3) /Qw
L«JLM - T\ £ =

TEST Lad, INC.
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WILSON, MILLER, BARTON, SOLL & PEEK, INC.
| e PROFESSIONAL ENGINEERS, PLANNERS AND LAND SURVEYORS

PER-KRETE TEST PADS
s

~ LOCATION: KREHLING INDUSTRIES, NORTH NADPLES DLANT

TWO TEST FADS ON CCOMPACTED SAND
—t e e reIT AADe AR FEE SO - et o ey o
T ‘ ool pm e T ,,W_’" o

- ‘(
i R ™ A s ) N ’ /\< ﬂ
v SAAD v w L SARLON ; .
%6@% 51,2 KX AA’—~I+@
J“t:ﬁuwaamzrax4' ?m E” J V/ﬁb/ﬂ\J/ﬂ\//\b/rquU 7
' ’ s g 1

LB EACR 2L

Jﬁ""“-&u.‘n".‘ﬁ L= _..'.“‘- 4 S’::,‘“.; <& oo

] Inpermeable liner will

all joints and corners r
2. Sand will be compacted tc 95% of the maximum density as
determined by AASETO T-180
3. Filter fabric will be placed only at one test paid and
will be Mirafi 140 or egual.
4. Per-Krete will be €" thick and placed in accerdance with
]

attached preliminary specifications.

IWO TEST PADS ON 3/4" COMPACTED AGGREGATE

T Al 7 T Ry, Cwa e rroy Aary

~ L G

SRR ) Te [P S,
: B L S N P ) T R " .
R e T‘;_i _11._" ij%};;,(“:ff,rfb,'_tr.:,-..__._'l. Y
Y- xaaefaxrf'ﬁﬁ [m"’ ??%A:d4GGE€GJ7E

M (s -
: STy el e At A - L e
“ ;&?c:;“;;-v ‘f—‘n’-‘dj.-‘ ati T

_]L : e
SLIEEES = V4744l
"&—r_ . -

LoALEL (EACH 208 )]

Impermeable liner will be 3/4° waterproof plywood, with
all joints and corners watertight.
Z. 3/4" aggregate -subgrade will be 18" thick and conpacted

to form a firm, unifcorm base.
3. Filter fabric will be placed only a2t one test pad and

[ Y 12

will be Mirafi 140 or equal.
Per-Xrete will be 6" thick and placed in acccrdance with
attached preliminary specifications.
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WILSON, MILLER, BARTON, BOLL & PEEK, INC.

PER-ERETE

PEYSICAL CEARACTERISTICS

Specific Gravity

Bulk _ 2.14
Bulk (85.35.D.) 2.33
Apparent 2.64
Percent Veids hy Volume 15.1% to 17.4%

Storage (12" x 12" x 6" Section)  0.906" to 1.064"

Vertical Conductivity
' 269.330 GPE/S.F.
4.499 GPM/S.F.
" 433.013 Inches/Hr.
7.217 Inches/Min.
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WIPER=-KRETEY

L
=
£
|
|
o

SAN

FLOW RATE -
0.78%5% GPM
47.10 GPH
11230 GPD
VELOCITY. .
0.079 INCH/MIN.
4.722 INCH/HR.

‘f‘

UNDERDRAIN | ¢”

BAF
MIRAFI 113.3 INCH/DAY

TEST BOX #1

APER-KRETE 4 ¢
. ""'

SAND 3

o

| UNDERDRAIN L

FLOW RATE
0.838 GPM
' 50.30 GPH
1207 GPD

" VELOCITY
0.084 INCH/MIN.
5.040 INCH/HR.
121.0 INCH/DAY

MIRAFI

MIRAFI

TEST BOX #2
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P ER- KRET I’,

R
7

¢u' &G c:cw ép
o
2 ."'1“;- ‘g -

i
‘c
»«._pi?\q }4..

R

sl 330
%C?;-Q,&QA RoN hﬁ% Y
SAN

FLOW RATE

0.798 GPM
47.80 GPH
1150 GFPD

VELOCITY

MIRAFI

| UNDERDRAIN

TEST BOX #3

SN L*—qc“i.%f»fe“? &

0.080 INCH/MIN,
4.800 INCH/HR.

115.2 INCH/DAY

1
X
&

ﬁ ‘PER-KRETEL]

Ko ORI 0-@,0 o

\:

' Dﬁ*ﬁo
dﬂr 4 GﬁA%?’E L*O'

8"

K
{_wasaamm %'

MIRAFI

MIRAF]

ELOW RATE
0.781 GPM
46.88 GPH

1125 .GPD

VELOCITY
"0.070 INCH/MIN.
4.210 INCH/HR.
10.1.1 INCH/DAY

TEST BOYX #4
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STATE OF CALIFORNIA. PERMEABLE CONCRETE LAB MEMO. 1979

COMPRESSIVE STRENG TH
!P:rmcabic Concrete Using 3/4” X No. 4 Crushed Aggregate

|
ggregate Cement Ratio 6:1 6:1 61 &1 &1 8
| .

ater-Cement Ratio 35 0.38 0.41 0.35 0.38 (0.4] 0.35 (.38 04!

01 101 10 7
| |
|

Day Compressive Strength (psi)* Q2030 2100 1990 1330. 1590. 1740 860..1030 1210

PS Day Compressive Strength (psi)“*243€} 2130 2270 1330 1655 1935 | 983 LI70 1440 i

’Avcraszc of four cylinders (two from Round [ and two from Round II)

**Round [ only

%cn’ncabfc Conerere Using 1" X No. 4 Rounded Aggregate l

| . 7 :
FAggrcgatc-Cememratio. 81 &1 81 j

MWater-Cement ratio 0.35 038 0.4}

Day Compressive Strength (psiy* 1550 1570 1689

ES Day Compressive Strength (psi)* 1725 1805 2210

*Average of four cylinders (two from Round I and two from- Round II)
‘“"Round I only
PERMEABILITY TEST RESULTS

3/4" x No. 4 Crushed Aggregare

o

Aggrcg”CCcmcnrrazxo 6:1 6:1 61 8:1 81 &1 | 10:1 10:1 101

Water-Cement ratio 0.35 0.38 0.41 .0.35 038 0.4] 035 0.38 041

Vertical Permeability of 12 inchr. 6.8 5.2 44 15.2 104 10.0 158 13.1 137
yimaer {(gallons per mmut:)ma e B

) I"x&iRoundchggrcgarc ‘}
! ggragate-Cement rano 8:1 81 8.1 /
|

0.35 038 0.41 i

atcr Cement ratio /

cmca} Pﬁrmcablhry of 12 inch 103 107 8.2
cylinder {galions Der munue) _ ‘ ’ e ;
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APPENDIX 7

CALIFORNIA SLARING RATIQ-CHR
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Approximate interrelationships of soil ciassilications and bearing values.
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€% AASHTO Clazses A-1, A-2 8 A-3 lle below 0. SSV = 6-10; K = 200 +,

¢ S-1/2Lb.hammer, 12" drop, 4 layers. 45 biows perlayer,compacted &f optimurm molsture 81 detarming

3+ Usual range of AASHTO Classes.

by AASHTO T-99.
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TARLE 2. 18 KIP EQUIVALENTS

| o i 1aSAL (in thousands!

VPD or AD No. of HCVPD Totsl E1gSAL L 4 s
Classification (z.ﬁvray; t Lots No. per Day 20-Year | 30-Year 40-Year| 50 Year
Residential/Collector 200- sg.300 | 3. 23 . o2 B o B | B
0.20 £185AL/HCVPD 1,500 17" 25 34 42
Collector 2,00C- | 8p- 240 58- 88- 117. | 146
0.20 E1gSAL/HCVPD 5,000 - h 175 288 350 ¢ 438
Minor Arterial 3,000- 300 700 274- 411- 548- - 684-
0.25 EqRSAL/HCVPD 7,000 _ 638 858 1,278 1,687
Arterial 6,000- X 360- 780 434- 1 B850 B67- | 1,084
(.33 E1gSAL/HCVPD 13,000 340 1,408 1,678 2,349
Major Arterial 14,G00C- B . 700 - 1,400 1,022 1,533 2,044- Z,555-
0.40 E18SAL/HCVPD 28,000 2,044 3,086 4,088 5116
Business 11,000 . 400 - 880 563- - 843- 1,124- 1,304-
0.35% E1gSAL/HCVFED 17,000 : 369 1,303 1,737 2,172
Industrial Z,000- 350- 700 485 728- U871 11,214
0.38 E1gSAL/HCVPD | 4,000 ) 971 1,456 1,942 2,427
*23 [HCVPO) x .5 {one-way traffic) x 0.20 (coefficient, E1gSAL/HCVPD] x 365 (days/year] x 20 {yearsi =
. 16,790 {1otal E1RSAL)

| S—

American Concrete Pavement Associatiocon
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menffio - 18,000-nound (18-xiv) cguivalent Sinagle axle Loaags

mraffic 2t she AASHTO Road Test consistec of naltisle applic
-ions of identical vehicle loads., In actua. practlce, Davements
sre subjeczed to a mixture of venicles with a different numper of
axles and axle loads. Thererfore, to design pavement it is
necessary to convert this mixture of axle loads tc a commen
factor. At the complecion of the rcad fest, traffic was converte
to equivalent 18,000-pound single axle loads. The procedures in

) he same conversicon process used by AASHTO.

this manual follow T
Traffic used in pavement design is based on traffic informat.

determined bv survevs znd modified for expected chancges and
growth. rocadomecer data is the most popular traffic data used in
designing pavements. Loadometer data consists ¢f the number of
axles obgerved Zor each load group at 2,000-pound inctervals.
Tacrors have been determined for each load group and axle
configuration {Appendix!. These facrors are multipllied by the
sumper of axle applications in each aroup to arrive at the
eguivalent 13,000-pound single axle loads (See =xample
toral of all groups 1s the egquivalent 18,000-pound single axle

Th

aak

e

2).

locad used for pavement design.

NUMBER AND WEIGHTS OF AXLE LOADS EXPECTED OVER

EXAMPLE 1. THE
THE DESIGN LIFE FOR A 7" RIGID PAVEMENT 8 Pt = 2.0.
TRAFFIC .The number and weights of heavy axie loads expectad over the design {if
Expressed in 18 kips {18,000 Ibs.) equivaient sxie loags. (E.18's)
SINGLE SINGLE
e, N AXLE AXLE Totsis
sxie e O s 2000 2000 _ 400
Welgnis Pounas Pouncs = Pounas
Zawivaient Numper " 0.5 Qs "
= 1 Auto
=f Aulomonies Autos Autos
Z-18k 0.00021 +  0.00021 = 0.00042.18% Equivalent
TANDEM TANDEM SINGLE
AXLE AXLE AXLE

Axie weignis Emory 12,800 Ips. + 9,100 lbs. - B.B00 Ibs, = 30804 ibs.
E-18 K's 0.04 + 0.01 ' . 0.058 = 0.70 E18's
Equivaient Numbper of Automobniies 85 - 24 - 1% - 238 Automooit
Axie YWelgnts Average Load 27.200 {bs - 25,200 ibs. - 280G ibs. = 62,500 lbs,
E-18 K's ¢.78 + 0.ES - o.os8 - 1239 E-18's
Equivaient Numper of Automooties 1,810 + 1,310 + 190 = 3310 Automonile
Axie \Weignts Fuil Legal Loao 34,000 1bs. - - 34,000 ths, - 12,000 1bs. = 80,000 ths. -
E- 1B K'S 1.90 + 1.80 - .19 = 393 E-18'z
Egquivaient Numgoer of Automobiles 4524 + 4524 + 475 = 3,523 Aulemabile

3 similar srocess would be followed for *he entire mix of traffic.
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the AASHTC Road Test results imply than

The .nterzretatlon oI
there are differences Iin the wav E£-18's snould be ccunted ketween
flexible and rigid pavements. Under the same traffic lpadings a
rig:id pavement will normally experieng§,a larger numper of £-18's

; - Actual traffic cocuncs hOUlu se uSEG

[y = R

when avaéé_ble comparing the two types of ©
if such figures are not available the following ta ctcrs can be
applied with reasonable accuracy:

-
~

% Trucks Tvoe of Protect : Factaor
> 20% Trucks Interstcate l1.2C
10~20% Trucks Primary/Seccndarv/Interstace/Urkan 1.25
I-10% Trucks UrbansHMunicizal .13
< 3% Trucks Municipal/Parking Lots 1.05

£=18 Rigid
g = TACLOT

U]
Fal
[1F]
H
‘g
.
§1)
1
1
s
o
1
—
i
"
o
U
[

The accepted historical pericd of time used for design traf-
fic predicticns is 20 years. Normally, any time intesrval may be
used by the designer. The traffic is expressed as the totzl
‘equivalent 18,000~ soun& single axle loads the pavement is expecced
to carry between the time of construction and the time it reaches
an indicated terminal servfceability index (Pt), Terminal service-
ability index is usually 2.5 for high speed, high volume pavements,
and 2.0 for low volume, low speed ravements. The terminal service-
ability index indicates chat :the pavement has reached the end of
its accepraple service life.

Recently considerable thought has been given to increasing
the 20-year design traffic predicticns for our road and street
system and, Drimarilv, the Interstate System, This is duoe to a
large increase in the bPercentage of truck traffic and increasing
the maximum truck weights from 72,000 pounds to 80,000 pounds

gross lcads.

Since the equivalent axle loads usually represent traffic
from all lares in both directions, it is necessary to dlstrlbute
chis traffic by lanes and by direction hefore using the pavemen
design procedure. Gene*a1ly S0 percent of the traffic is asswgﬂ ad
for each direction and 100 percent of the %raffic is assigned %o
each lane for design purgoses. However, factors may be applied

based on experience tc assign portions of traffic per each lane.

A compbuter program has alse been developed for compiling
1g~xip ecu!faient 51nq‘e and tandem axle loads.
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Quality Control & Test Methods
P. C. Pervious Pavement

-James L. Mross

Assistant Quality Control Manager
"RINKER MATERIALS CORP.
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There are several problems and much confusion surrounding the measurement
of ‘quality or conformity with specified properties of no-fines concrete and
pervious concrete pavement.

materials properties and

The problems and confusion exist because of the
This sensitivity

thelir sensitivity te variations in consclidation and curing.
consolidation, and curing appears to be greater
and the common field measurements
this reason, it is suggested
Further; a simple,

te wariations in placing,
than that for normal structural concretes,
of slump, for example, are not applicable. For
that acceptance of the materiazl and pavement bes ssparated.
repeatable, and reproducible field test method should be used To monitor
and accept the fresh no-fines concrete. If resulting measurements from an
exlisting consensus method of test can be correlated to the desirable proper-

then it would seem reascnable to use
The caution given here applies particu-
or. split tensile.

ties of both material and pavement,

that method of test for acceptance.
larly to strength tests,. whether in codmpression, .flexure,
It sould be remembered than any test method conducted in the field tends

to be less precise and reliable than when conducted in a laboratory. Also,
the supplier and contractor as well as the owner have a right to assurance

that the product will serve its intended Ffunction.

‘is ASTM (29 "Standard Test Method for Unit

The test method suggested here
The reasons are:

Weight and Voids in Aggregate”.

1. It appears to be appropriate_.

2. It is both repreatable and'répraducible

3. It "fits" in confirming actual fresh unit weights with mix design
welghts ' ' :

4. Most commercial testing laboratories have available and AppProx.
174 ¢u ft. measure as part of their Type B Pressure Air Meter

5. It is an inexpensive and guick methed. :

It should be noted that the 1/4 cu. ft. measure is used here {(with No. 8

or 89 aggregate) because results with it have been more repeatable and repro-
ducible than with either 1/10 cu. ft. or 1/2 cu. f+. measure. Also, because
cther commen methods of measuring or judging apparent guality, i.e. slump
and air, are Dbeing excluded; much greater attention to gquality assurance
plans and pregrams, and increased freguency of testing should be expected,.
Correlations between unit weight and compressive, flexural, or split tensile
strengths in laboratory trials can be expected to be good, and once the rela-
tionship between measurements have been defined for any particular or specific
unit weights may be used to confirm that the fresh no-fines concrete -

mix,
delivered was batched and mixed in accordance with the design. If it 1is
desired, compressive strength specimens may then be made at a decreased fre-

quency to confirm that their individual unit weight ({specimen unit weight)/com-
relationship complies with the prequalification relation-

pressive strength
suich as cement, meet their regquirements.

ship and that component materials,
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t is imperative that for strength test uniform:ty for within batch samples,
ast apecimens be consolidated using & Proctor Hammer (with & given and uni-
form f‘arce) in conjunction with a circular steel plate of approximate 1/47
thickness and 5 3/4" diameter, Other proposed methods of consolidation,
such as rodding or tamping with a 2"x2"x24" wooden stake do not appear to
produce adequatesly uniform consolidation or densities closely approximating

those of cores taken from existing pavements.

[ I

The ASTM C29% unit weights should not be expected to correlate well with
strength measurements. Strength test resulws showld be correlated to their
individual specimen unit weight. As an example from a recent placement of
approximately 1000 units of no-fines concrete: The regression analysis of
C2% unit weight vs. C49% split tensile strength tests had a correlation coef-
ficient of conly 0.267 although all split tensile strengths and unit weights

were acceptable.

The unit weight of hardened specimens, either cores or molded strength speci-
in stable moisture condition. This '‘ma¥ be "oven-dry"

mens must be taken
it is suggested that

or saturated. To obviate several testing problems, it
the saturated condition be used as described in paragraph 14.1 Saturation
of ASTM (140 "Standard Methods of Sampling and Testing Concrete Masonry Units”.
Thus the wet (S$3D) unit weight of ceores or mclded specimens would be determin-
ed by 24 hr. . immersicn in water, allowed to drain for 1 minute while removing

visible surface water with a damp cloth and weighing immediately.

Pavement acceptance could then be based on pavement thickness and unit weight
The owner is cauticned against testing cores

as determined from the cores.
for acceptance purpose, and any strength

in compressien or split tensile
tests should only be to confirm the original pregqualification relationship.

and designer are cautioned against specifvying strengths

Finally, the owner
in sympathy with one another or may be too

or void contents that are not
difficult to test or achieve in practice.

presented next, only represent those for a specific mix

The correlations
It is the strong recommendation of this

design using specific materials.
report that relationships between unit weights and other preoperties bhe devel-

oped by the producer for his proposed mix, pridr te preduction.
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SPLIT TEMSILE STRENGTH IN PSI1L

ASTM—C29 UNIT WT VS 24
2807 SPLIT TENSILE STRENGTH
2301
200+ _
i 3 !
He itl-] 120
UNIT WEIGHT IN LBS.
y = 10.13x - 943,53
Carralation Coefficient 0.92
Standard Error 14
I FRESH SPECIMEN WT. VS, &
300 o SPIT TENSILE STRENGTH
7
-
= 2804+
ad
-
»
-
Led
-
=
-
& zo04-
| B0
a ; * : ;
100 105 He 118 120

UNIT WT IN LBS.

y = 8,B2x - 752
Corrglation Cosfficient 0.97
Stangard Error 10
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FRESH SPECIMEN UNIT WT. VS,
ASTH Ci4D - SSD UNIT WT.
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" Correlation Coefficient C.937
Standard Error 0,298
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55D UNIT WT. IN LB8S,

y o= 153, 73x « 1311
Correlstion Cogfficiant 0,96
Stendard Erraor  23.51

J=5



. B3.9 % (- 5836%)
Correi.at';o Hiciant 0.92
Standard grrof 1,50
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