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USACE / NAVFAC / AFCEC / NASA UFGS- 32 13 43 (Cctober 2011)
Change 2 - 08/17

Preparing Activity: NAVFAC NEW
UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref erences are in agreement with UVRL dated April 2018
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PERVI QUS CONCRETE PAVI NG
11/11

NOTE: This guide specification covers the

requi renments for Pervious Portland cement concrete
pavi ng jobs such as roads, streets, sidewal ks, and
parking lots.

Adhere to UFC 1-300-02 Unified Facilities Guide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
itens, choose applicable iten(s) or insert
appropriate information.

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submitted as a Criteria Change Request (CCR).

*kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: The extent and | ocation of the work to be
acconpl i shed shoul d be indicated on the project
drawi ngs, or included in the project
specifications. Precast structural concrete and
portland cenent pavenents for airports are not
included in this specification

Porous PCCP shoul d not be used in areas with
extensive winter maintenance and in areas where high
wind is common (nmaterial can be wind bl own and cl og
t he pavenent pores). Additionally, this pavenent
shoul d not be used where there is heavy truck

traffic.
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PART 1 GENERAL

1.

1 REFERENCES

NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zati on, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

*% *% *% *% *% *% *% *% *% *% *% *%%

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi c designation only.

AMERI CAN CONCRETE | NSTI TUTE | NTERNATI ONAL ( ACl)

ACl 305R (2010) Cuide to Hot Weather Concreting

ACl 306.1 (1990; R 2002) Standard Specification for
Col d Weat her Concreting

ACl 522.1 (2013) Specification For Pervious Concrete
Pavement

ASTM | NTERNATI ONAL (ASTM

ASTM C1077 (2017) Standard Practice for Agencies
Testing Concrete and Concrete Aggregates
for Use in Construction and Criteria for
Testing Agency Eval uation

ASTM C1157/ C1157M (2017) Standard Performance Specification
for Hydraulic Cenent

ASTM C1260 (2014) Standard Test Method for Potential
Al kali Reactivity of Aggregates
(Mortar-Bar Method)

ASTM C140/ C140M (2017b) Standard Test Methods for Sanpling
and Testing Concrete Masonry Units and
Rel ated Units

ASTM C150/ C150M (2017) Standard Specification for Portland
Cement
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ASTM C1549

ASTM C1567

ASTM C1602/ C1602M

ASTM C1688/ C1688M

ASTM C171

ASTM C172/ C172M

ASTM C174/ C174M

ASTM C260/ C260M

ASTM C33/ C33M

ASTM C42/ C42M

ASTM C494/ C494M

ASTM C595/ C595M

ASTM C618

ASTM C94/ C94M

ASTM C989/ CO89M

ASTM D6155

(2016) Standard Test Method for

Det erm nati on of Sol ar Refl ectance Near
Anmbi ent Tenperature Using a Portable Sol ar
Reflectometer

(2013) Standard Test Method for Potential
Al kali-Silica Reactivity of Combinations
of Cementitious Materials and Aggregate
(Accel erated Mortar-Bar Mt hod)

(2012) Standard Specification for M Xxing
Water Used in Production of Hydraulic
Cement Concrete

(2014a) Standard Test Method For Density
And Void Content O Freshly M xed Pervi ous
Concrete

(2016) Standard Specification for Sheet
Materials for Curing Concrete

(2017) Standard Practice for Sanpling
Freshly M xed Concrete

(2017) Standard Test Method for Measuring
Thi ckness of Concrete El enments Using
Drilled Concrete Cores

(2010a; R 2016) Standard Specification for
Ai r-Entraining Adm xtures for Concrete

(2016) Standard Specification for Concrete
Aggregates

(2013) Standard Test Method for btaining
and Testing Drilled Cores and Sawed Beans
of Concrete

(2017) Standard Specification for Chenical
Admi xtures for Concrete

(2017) Standard Specification for Bl ended
Hydraul i ¢ Cenments

(2017a) Standard Specification for Coal
Fl'y Ash and Raw or Cal ci ned Natural
Pozzol an for Use in Concrete

(2017a) Standard Specification for
Ready- M xed Concrete

(2017) Standard Specification for Slag
Cenent for Use in Concrete and Mortars

(2015) Nontraditional Coarse Aggregate for
Bi t umi nous Pavi ng M xtures
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1.2

RELATED SECTI ONS

*
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NOTE: Do not install pervious pavenent systens in
areas subject to high wheel |oads (such as aircraft,
ground support equi pnent, and forklifts). Consult
manuf acturer's recommendations for cold regions,
arid regions, and regions with high w nd erosion
Pervi ous concrete in freezing areas shoul d be
designed with adequat e base thickness to ensure that
wat er does not renmmin in the pavenment |ayer during
freezing conditions. Parking lots are generally good
pervi ous pavenent applications.

*%*

*

*
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Pervi ous pavenent systens nust use Section 32 11 20 [ BASE COURSE FOR
RIG D][ AND ][ SUBBASES FOR FLEXIBLE] PAVING in addition to this section.

1.3

SUBMITTALS

*
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NOTE: Review Subnittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submittals
required for the project.

The @uide Specification technical editors have
designated those itens that require Governnent
approval, due to their conplexity or criticality,
with a "G" Generally, other submittal itens can be
reviewed by the Contractor's Quality Control

System Only add a "G' to an item if the subnittal
is sufficiently inmportant or conplex in context of

t he project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nmay be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

Use the "S" classification only in SD-11 C oseout
Subnmittals. The "S" following a submittal item

i ndicates that the submittal is required for the
Sustai nability eNotebook to fulfill federally

mandat ed sustai nabl e requirenents in accordance with
Section 01 33 29 SUSTAI NABI LI TY REPORTI NG

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed

*%

itemfor Army projects.

*% *% *% *% *% *%%
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1.

1.

1.

CGovernment approval is required for subnmittals with a "G' designation;
submittals not having a "G' designation are [for Contractor Quality Control
approval . ][for information only. When used, a designation follow ng the
"G' designation identifies the office that will review the submttal for
the Governnment.] Submittals with an "S" are for inclusion in the
Sustai nability eNotebook, in conformance with Section 01 33 29
SUSTAI NABI LI TY REPCRTI NG. Submit the followi ng in accordance with Section
01 33 00 SUBM TTAL PROCEDURES:
SD- 03 Product Data
Curing Materials
Admixtures
Fi ne Aggregates
Coar se Aggregates
Cenentitious Materials
Albedo
SD- 04 Sanpl es
Fi el d- Constructed Mockup
SD- 05 Design Data
Concrete M x Design
SD-06 Test Reports
Aggregate Tests
Cenentitious Materials
Concrete Density Tests
SD-07 Certificates
Ready- m xed Concrete Pl ant
Ready- m xed Concrete Truck
Bat ch Tickets
Cenentitious Materials
4 DELI VERY AND STORAGE
ASTM C94/ C94M.
5 QUALI TY ASSURANCE
5.1 Ready- m xed Concrete Plant and Ready-ni xed Concrete Truck

Unl ess ot herwi se approved by the Contracting Oficer, ready m xed pervious
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concrete nust be produced and provided by a National Ready-M x Concrete
Associ ation (NRMCA) certified plant. |If a volunmetric nobile nixer is used
to produce the pervious concrete, rather than ready-m xed pervious
concrete, the mxer(s) must conformto the standards of the Volunetric

M xer Manufacturers Bureau (VMVB). Verification nust be nade by a current
VMVB confornmance plate affixed to the volunetric m xer equipnent.

1.5.2 Contractor Qualifications

Unl ess wai ved by the Contracting Oficer, the Contractor must neet one of
the following criteria:

a. Contractor nust have at | east one National Ready M xed Concrete
Associ ati on (NRMCA) certified pervious concrete craftsman on site,
overseei ng each placement crew during all concrete placenent.

b. Contractor nust have no |l ess than three NRMCA certified pervious
concrete installers, who nust be on site working as nenbers of each
pl acenent crew during all concrete placenent.

1.5.3 Requi red I nformation

Submit copies of laboratory test reports showing that the nmix has been
successfully tested to produce concrete with the properties specified and
that mix will be suitable for the job conditions. The |aboratory test
reports must include mll test and all other tests for cenentitious
mat eri al s, aggregates, and adm xtures. Provide maxi num nomni nal aggregate
size, conbi ned aggregate gradation anal ysis, percentage retai ned and
passi ng sieve, and a graph of percentage retai ned verses sieve size.
Subnmit test reports nust be subnitted along with the concrete m x design
Sanpling and testing of materials, concrete mx design, sanpling and
testing in the field nust be perfornmed by a commercial testing | aboratory
whi ch conforms to ASTM C1077. The | aboratory nmust be approved in witing
by the Contracting O ficer

1.5. 4 Batch Tickets

ASTM C94/ C94N. Subnit mandatory batch ticket information for each | oad of
ready- m xed concrete.

[1.5.5 Fi el d- Constructed Mockup

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Pervious pavenent (perneable pavenent) is a
perneabl e surface with an underlying stone reservoir
to tenmporarily store surface runoff before it
infiltrates into the subsoil. This perneable
surface replaces traditional pavenent, allow ng
parking lot stormwater to infiltrate directly and
receive water quality treatment. Pervious asphalt
and concrete may appear to be simlar to traditiona
pavenent fromthe surface, but are nanufactured

wi thout "fine" materials, and i ncorporate void
spaces to allow infiltration.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Install a mnimm 37 square neters 400 square feet to denonstrate typica
joints, surface finish, texture, color, perneability, thickness, density,
and standard of workmanship. Test panels nust be placed using the m xture
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proportions, materials, and equi pnent as proposed for the project. Test
mock up panel s in accordance with requirenents in subpart FIELD QUALITY
CONTROL.

When a test panel is does not neet one or nore of the requirenents, the
test panel nust be rejected, renoved, and replaced at the Contractor's
expense. If the test panels are acceptable, they may be incorporated into
the project with the approval of the Contracting O ficer

] PART 2 PRODUCTS

2.1 MATERIALS

2.1.1 Cenentitious Materials

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: ASTM C595 covers three kinds of blended
hydraulic cements. The three types are as foll ows:

1. Portland Blast - Furnace Slag Cenent (Type |YS)
2. Portland - Pozzolan Cenment (Types |IP and P)
3. Ternary bl ended Cenent (Type IT).

For sulfate resistance consider using types IS (M)
or IP (MS), Il, and V.

Types IS A |IP-A PA SA and PMA are air-entrained
cenents but should not be specified because of
inability to control air content and | ack of
uniformity.

*kkkkkkkkkkkkkkkkkkkkkkkkkkhhhhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Cenent is 10 to 15 percent of concrete, but
is nore energy intensive than the other
constituents. Use the m nimum amount of cenent
required for a project to produce quality concrete.
Fl'y ash is commonly used as a repl acenent for
portland cenment but typically replaces |ess than 40
percent of the cenment; it needs to be tested
extensively for conpatibility and performance if the
fly ash is intended to replace 40 percent or nore of
the cenent. Include the | ast sentence of the
followi ng paragraph if fly ash replaces 40 percent
of portland cenent.

Coal fly ash, slag, cenospheres, and silica funes
are EPA designated recovered products to be
ingredients in concrete and cenent. Use materials
with recycl ed content where appropriate for use.
The follow ng section allows a percentage range of
non-portland cenent materials to be used. The
Contractor must incorporate these other non-cenent
materi al s based on local availability and m xes
avai l abl e at local plants. A resource that can be
used for additional information on recovered
materials used in cenent and concrete is the
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" Conpr ehensi ve Procurenent Quidelines (CPG" page
within the EPA's website at http://www.epa.gov

kkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkkhkhkkk

*kkkkkk

Cenentitious materials in concrete mx nust be 20 to 50 percent
non- portland cenent pozzolanic materials by weight.[ Provide test data

denonstrating conpatibility and performance of concrete satisfactory to
Contracting Oficer.]

2.1.1.1 Cement

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: A maxi num al kali content of 0.40 percent is
nore desirable and shoul d be used where avail abl e.
However, the availability of [ow alkali cement is
extrenmely limted and is not econonically feasible
in nost cases. Therefore the use of |ow alkali
cenent is not required.

*% *% *% *% *% *% *% *% *% *% *%

*% *%%

ASTM C150/ C150N, Type | or Il [IIl, for high early concrete] [or V] [low
alkalijor ASTM C595/ C595N, Type IS, IP, or P[MS] [MH [nortar expansion]
or ASTM C1157/C1157N [MS] [HS] [R].

2.1.1.2 Fl'y Ash and Pozzol an

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

NOTE: Fly ash, pozzolan, and slag cenent may
produce uneven discol oration of the concrete during
the early stages of construction, depending upon the
type of curing provided. Fly ash or pozzol an
neeting the specified test results, which are nore
stringent than ASTM C618, shoul d provi de acceptabl e
end results.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

ASTM C618, Type C, F, or N Fly ash certificates nust include test results
in accordance with ASTM C618.

*kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: A naxi mum cal ci um oxi de content of 2 percent
is nore desirable but not required.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

2.1.1.3 Slag

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: G&EBFS Grade 120 is nore desirable but G ade
100 is all owned.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkhkkkkkkkkkk

ASTM C989/ Co89N, Slag Cenent (formerly Ground Granul ated Bl ast Furnace
Slag) Grade 100 or 120. Certificates nust include test results in
accordance with ASTM C989/ C989M.

2.1.2 Water

Wat er nust conformto ASTM C1602/ C1602N. Do not use hot water unless
approved by the Contracting Oficer.
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2.1.3 Aggregate Tests

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhhkhhkhkkkkkkkkkk

Use materials with recycl ed content where
appropriate for use. Verify suitability,
availability within the region, cost effectiveness
and adequate conpetition (including verification of
bracket ed percentages included in this guide

speci fication) before specifying product recycled
content requirenents.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Coarse aggregate nust consist of crushed or uncrushed gravel, crushed
stone, or a conbination thereof.[ Coarse aggregate nmust contain a nininmm
of [25][__ ] percent recycled porcelain, concrete, stone, or other
recycled material conplying with ASTM D6155.] Aggregates, as delivered to
the m xers, nust consist of clean, hard, uncoated particles. Coarse
aggregate nust be washed. Washing nust be sufficient to renove dust and
other coatings. Fine aggregate nust consist of natural sand, manufactured
sand, or a conbination of the two, and nust be conposed of clean, hard,
durable particles. Both coarse and fine aggregates nust neet the

requi renents of ASTM C33/ C33M.

2.1.3.1 Al kali Reactivity Test

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkik

NOTE: While not wholly conclusive, petrographic
exam nati on (ASTM C295/ C295M) and the Chenical Test
Met hod (ASTM C28/ C28M) are val uabl e indicators.
However, chemical test results may not be correct
for aggregates containing carbonates of cal cium
magnesi um or ferrous iron, such as calcite,

dol onmite, nagnesite or siderite; or silicates of
magnesi um such as serpentine. The Concrete Prism
Test (ASTM C1293) is also a val uabl e indicator
ASTM C1293 is ineffective in hot and hum d climates.
However, none of the nethods above constitutes a
substitute for the nodified ASTM C1260.

*kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: The nobst inportant rocks and mneral known to
be deleteriously reactive with the alkalies in
Portl and cenment are listed in ASTM C33 (and ASTM
C294). However, this list is not inclusive, and
particles having a glassy or mcro-crystalline
structure shoul d be considered suspect. Reactive
aggregates are w despread in the United States,
bei ng especially common in the western half and
sout heastern portions. However, generalizations
concerning area distribution of reactive aggregates
shoul d not be relied upon for inportant work.
Contract docunents for inportant concrete projects
shoul d i nclude provisions for preventing such
aggregate being used, if possible, or requiring
their use exclusively with | ow al kali cenents,

sui tabl e bl ended cenents, or pozzol ani c adm xtures
as available and as required to avoid del eterious
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effects on the concrete.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkhkhhkhkkkkkkkkkkk

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhhkhhkhkkkkkkkkkk

NOTE: It is recommended that the various types of
aggregates al so be eval uated separately, in
accordance with the original ASTM C1260, to
ascertain the specific reactivity of each aggregate.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkik

Aggregates to be used in all concrete in projects over 9290 SM 100,000 SFin
size nust be evaluated and tested by the Contractor for alkali-aggregate
reactivity in accordance with ASTM Cl1260. The types of aggregates nust be
eval uated in a conbi nati on which matches the proposed m x design (including
Class F fly ash or GGBF slag), utilizing ASTM C1567. Test results of the
conbi nati on nust have a neasured expansion of less than 0.08 percent at 28
days. Should the test data indicate an expansion of greater than 0.08
percent, the aggregate(s) nust be rejected and new aggregate sources nust
be submitted for retesting or may subnmit additional test results
incorporating LithiumN trate for consideration

ASTM C1260 nust be nodified as follows to include one of the follow ng
options:

a. Uilize the low alkali Portland cenent and Class F fly ash in
conbination for the test proportioning. The |aboratory must use the
contractor's proposed percentage of cenent and fly ash.

b. Uilize the Ilow alkali Portland cenent and ground granul ated bl ast
furnace (GEBF) slag in conbination for the test proportioning. The

| aboratory nust use the contractor's proposed percentage of cenent and
GGBF.

c. Uilize the low alkali Portland cenent and Class F fly ash and ground
granul ated bl ast furnace (GGEBF) slag in conbination for the test
proportioning. The |aboratory nust use the contractor's proposed
percentage of cenent, fly ash and GGBF.

2.1.3.2 Fi ne Aggregates
ASTM C33/ C33M.

2.1.3.3 Coar se Aggregates

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkkk

NOTE: For pervious concrete, use No.67 (3/4 inch to
No. 4), No.8 (3/8 inch to No.16) or No.89 (3/8 inch
to No. 50) so as to provide 15 percent to 20 percent
optimumvoid factor in hardened concrete.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkhkkkkkkkkkk

a. Gadation: ASTM C33/ C33\V,[#67][#8][#89].

b. Quality: ASTM C33/C33N, C ass 4Mor 4S, dependi ng on weat hering region

c. AKkali-Silica Reactivity: Test in accordance with ASTM Cl1260, as
specified in ASTM C33/C33V, Appendix Xl. Aggregates failing to neet the

expansion linmt of 0.08 percent at 16 days after casting nmust be
replaced or mtigated using fly ash, pozzolan, or slag in accordance
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with  ASTM C1567.

2.1. 4 Admixtures
ASTM C494/ C494N: Type A, water reducing; Type B, retarding; and Type D
wat er -reduci ng and retardi ng, except acceptance nust be based on 28 day
physi cal properties. Do not use calciumchloride adm xtures. Were not
shown or specified, the use of admixtures is subject to witten approval of
the Contracting O ficer.
ASTM C260/ C260N: Air-entrai ni ng.

2.1.5 Curing Materials

2.1.5.1 Pol yet hyl ene Sheet
ASTM C171, 0.15 nm 0. 006 inch clear or white opaque polyethylene cut to a
m ni mum of 600 nm 24 inches wider than full placenent width, for curing of
pervi ous concrete.

[2.1.6 Edge Restraints

Edge restraints for pervious systens nust be [concrete][ ].

12.2 CONCRETE PAVEMENT
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NOTE: The urban heat island effect forns as
vegetation is replaced by lowreflectivity materials
such as dark col ored paving. These surfaces absorb
rather than reflect, the sun's heat, causing surface
tenperatures and urban anbient tenperatures to be
one to 6 degrees C 2 to 10 degrees F hotter than
surroundi ng rural areas.

Mtigation of heat island effect is not required by
UFC 1-200-02 but may be desired for sustainability
reasons. The al bedo requirenents bel ow for roads
and parking lot paving are nost beneficial in ASHRAE
climate zones 1 through 5. Retain the follow ng
section when needed to neet project requirenents.

*% *% *% *% *% *% *% *% *% *%%

[2.2.1  Albedo

Provide systemwith a mininuminitial Solar Reflectance of at |east 0.33
and a 3-year aged of 0.28 as tested in accordance with ASTM C1549

12.3 CONTRACTOR- FURNI SHED M X DESI GN
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NOTE: Flexural strength tests do not apply to

pervi ous concrete. Pervious concrete is
air-entrained per manufacturer's recomendati ons for
freeze thaw durability. However, due to the open
void structure of the material, air content cannot
be measured by standard ASTM test procedures.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk
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NOTE: Coordinate with Contracting O ficer for mx
design requirenent to satisfy project albedo and
perneability needs.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Contractor-furnished concrete m x nmust be designed in accordance with
ACl 522.1 except as nodified herein.

The water/cenentitious nmaterials ratio nust be 0.26-0.40. The air voids
must be 18 to 22 percent, as neasured in accordance with ASTM C1688/ C1688M\.

PART 3 EXECUTI ON
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NOTE: Dowel bars and reinforcenment are not used in
pervi ous concrete applications.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

3.1 PREPARATI ON FOR PERVI QUS SYSTEMS

Verify conpacted subgrade, granular base or stabilized soil is acceptable
and ready to support paving and i nposed | oads. Subgrade conpaction nust
not exceed 94 percent of nodified proctor. Install edge restraints per the

drawi ngs and nanufacturer's recomendati ons.

3.2 FORMS

3.2.1 Construction
Construct forns to be renovabl e without damagi ng the concrete.

3.2.2 Coating
Bef ore placing the concrete, coat the contact surfaces of forns with a
non-staining mneral oil, non-staining formcoating conpound, or two coats
of nitro-cellulose |acquer.[ Wen using existing pavenent as a form clean
exi sting concrete, but do not apply formrel ease agent to previously placed
concrete.]

3.2.3 Grade and Al i gnnment

Check and correct grade el evations and alignnment of the forns i mediately
bef ore placing the concrete.

3.3 MEASURI NG M XI NG CONVEYI NG, AND PLACI NG CONCRETE

3.3.1 Measuring
ASTM C94/ C94M.

3.3.2 Mixing
ASTM C94/ C94N, except as nodified herein. Begin mxing i mediately after
cement has been added to aggregates. Wen the air tenperature is greater
than 29.4 degrees C 85 degrees F, place concrete within 60 minutes. Wth
the approval of the Contracting Oficer, a hydration stabilizer adnixture

meeting the requirenments of ASTM C494/ C494N Type D, may be used to extend
the placenent tine to 90 minutes. Additional water may be added to enhance
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workability up to a level acceptable to the contractor w thout causing
paste drain or exceeding the specified water-cenent ratio.

.3.3 Conveying
ASTM C94/ C94N, pervious concrete nmay not be placed by punping.
.3. 4 Placing

Pl acenent of pervious concrete should conply with guidelines set in
ACl 522.1, except as nodified herein. Do not exceed a free vertical drop of
1.5 m5 feet. Deposit concrete either directly fromthe transporting
equi pnent or by conveyor onto the pre-wetted subgrade or subbase, unless
otherw se specified. Do not place concrete on frozen subgrade or subbase.
Deposit the concrete between the forns to an approxi mately uniform hei ght.
Spread the concrete using a cone-al ong, square ended shovel, or rake. Do
not allow foot traffic on the fresh concrete. Strike off the concrete
between forns using a formriding paving nachine or vibrating screed. O her
strike off devices may be used with the approval of the contracting
officer. Place concrete continuously at a uniformrate, with a nini mum
anount of segregation, wthout damage to the grade and without unschedul ed
stops except for equipnent failure or other emergencies. |If this occurs
within 3 m10 feet of a previously placed expansion joint, renobve concrete
back to joint, repair any danage to grade, install a construction joint and
continue placing concrete only after cause of the stop has been corrected.
Do not use steel trowels or power finishing equipnment. Finish the pavenent
to the el evations and thickness specified or indicated and conpact the
fresh concrete to nmeet the requirenents of final finish as described
herein. Conpact the concrete along the slab edges with hand tools.
Conpact concrete to a dense, pervious surface. Edge top surface to a
radius of not less than 6 mm 1/4 inch, where required. Construct the
pavenent to conply with the follow ng tol erances

a. Elevation: plus 19 mm minus O mmplus 3/4 inch; minus 0 inch
b. Thickness: plus 37 mMm mnus 6 nmmplus 1.5 inches; mnus 1/4 inch

c. Contraction joint depth: plus 6 M minus O M plus 1/4 inch; minus O
inch

Mechani cal | y sweep pavenent before testing hardened concrete for conpliance
tolerances.

.3.5 Col d Weat her
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NOTE: Accelerators should not be used with pervious
concrete.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Do not place concrete when anbient tenperature is below 5 degrees C 40
degrees F or when concrete is likely to be subjected to freezing
tenperatures within 24 hours wi thout approval fromthe contracting

officer. |If approval is granted, heat concrete naterials so that the
tenperature of the concrete at placenent is between 18 and 29 degrees C 65
and 80 degrees F. Methods of heating materials are subject to approval by
the Contracting Oficer. Do not use heated mixing water. Follow practices
found in AClI 306. 1.
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3.

3.6 Hot Weat her

Mai ntain required concrete tenperature in accordance with Figure 2.1.5 in
ACl 305R to prevent evaporation rate from exceeding 0.98 kg of water per
square neter 0.2 pound of water per square foot of exposed concrete per
hour. Cool ingredients before m xing or use other suitable neans to
control concrete tenperature and prevent rapid drying of newy placed
concrete. After placenent, use fog spray, apply nononol ecular film or use
ot her suitable nmeans to reduce the evaporation rate. Start curing within
20 m nutes of concrete discharge. Cool underlying material by sprinkling
lightly with water before placing concrete.

.4 PAVING

[Install pervious paving systemin accordance with manufacturer's
recommendati ons and as indicated. |Install surface elevation of the paving
system3 to 6 nm1/8 to 1/4 inch above adjacent drainage inlets, concrete
collars, or channels. Manufacturer's recomendati ons nust take precedence
over the specifications in the event of conflicting requirenents between
the two. ]Pavenent nust be constructed with paving and finishing equipnent
utilizing [fixed forms].

4.1 Consolidation

Surface vibration nust be automatically controlled so that it nust be stops
i medi ately as forward notion ceases. Excessive vibration nust not be
permitted. Concrete in small, odd-shaped slabs or in |ocations

i naccessible to the paver nmounted vibration equi pnent nust be tanped.

Vi brators nmust not be used to transport or spread the concrete.

. 4.2 Operation

When pavi ng between or adjacent to previously constructed pavenment (fill-in
| anes), provisions nmust be made to prevent damage to the previously
constructed pavenent, including keeping the existing pavenent surface free
of any debris.

. 4.3 Required Results

The pavi ng equi prent nmust be operated to produce a thoroughly consolidated
sl ab throughout, true to Iine and grade within specified tolerances. The
paver-fini shing operation nust produce a surface finish free of
irregularities, tears, and any other discontinuities. The equipnment and
its operation nmust produce a finished surface requiring no hand finishing,
other than the use of jointing tools, except in very infrequent instances.
No water, other than true fog sprays (mist), must be applied to the
concrete surface during paving and fi nishing.

.4.4 Fi xed Form Pavi ng

Forms must be steel, except that wood forms may be used for curves having a
radius of 45 m 150 feet or less, and for fillets. Forns nay be built up
with netal or wood, added only to the base, to provide an increase in depth
of not nore than 25 percent. The base width of the formnust be not |ess
than eight-tenths of the vertical height of the form except that forns 200
mm 8 inches or less in vertical height nmust have a base width not |ess than
the vertical height of the form Wod fornms for curves and fillets nust be
adequate in strength and rigidly braced. Forns nust be set on firm
material cut true to grade so that each formsection when placed will be
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firmy in contact with the underlying layer for its entire base. Forns
must not be set on blocks or on built-up spots of underlying material.][
Prior to setting forms for paving operations, the Contractor nust
demonstrate the proposed form setting procedures at an approved | ocation
and nust not proceed further until the proposed nethod is approved.] Forns
must remain in place at least 12 hours after the concrete has been pl aced.
Forns nust be renpbved w thout damagi ng the concrete.

.4.5 Slip Form Pavi ng

When approved for use by the Contracting O ficer, the slipformpaver nust
shape the concrete to the specified and indicated cross section in one
pass, and nust finish the surface and edges so that only a m ni nrum anount
of hand finishing is required.

.5 FI' NI SHI NG CONCRETE

Start finishing operations imediately after placenent of concrete. Use
finishing machi ne, except hand finishing nay be used in energencies and for
concrete slabs in inaccessible | ocations or of such shapes or sizes that
machi ne finishing is inpracticable. Finish pavement surface on both sides
of ajoint to the same grade. Finish formed joints froma securely
supported transverse bridge. Provide hand finishing equipnent for use at
all tinmes. Transverse and |ongitudinal surface tol erances nust be no nore
than 6 mMqmin 3 m1/4 inch in 10 feet.

. 5.1 Si de Form Fi ni shi ng

Strike off and screed concrete to the required [crown] [slope] and
cross-section by a power-driven transverse finishing machine. Transverse
rotating tube or pipe are not permtted unless approved by the Contracting
Oficer. Elevation of concrete nust be such that, when consolidated and
finished, pavenent surface will be adequately consolidated and at the
required grade. Equip finishing nmachine with two screeds which are readily
and accurately adjustable for changes in pavenent [crown] [slope] and
conpensation for wear and other causes. Wen using a static roller for
consolidation, the roller nust be stiffened to prevent flexing and war pi ng
strai ghtness tol erance nmust be 6 mmin 3 mO0.25 inch in 10 feet. Mke as
many passes over each area of pavenent and at such intervals as necessary
to give proper compaction, retention of coarse aggregate near the finished
surface, and a surface of uniformtexture, true to grade and [crown]
[slope]. Do not permit excessive operation over an area, which will result
in an excess of nortar and water being brought to the surface.

.5.1.1 Equi pnrent Operation

Mai ntain the travel of machine on the forns without lifting, wobbling, or
other variation of the nmachine which tend to affect the precision of
concrete finish. Keep the tops of the forns clean by a device attached to
the machine. During the first pass of the finishing nachine, maintain a
uni formridge of concrete ahead of the front screed for its entire Iength.

.5.1.2 Joint Finish
Bef ore concrete is hardened, correct edge slunp of pavenent, exclusive of
edge rounding, in excess of 6 nmO0.25 in. Finish concrete surface on each

side of construction joints to the sanme plane, and correct deviations
before newy placed concrete has hardened.
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3.5.1.3 Hand Fi ni shi ng

Strike-off and screed surface of concrete to elevations slightly above
finish grade so that when concrete is consolidated and fini shed pavenent
surface is at the indicated elevation. Vibrate entire surface unti
requi red conpaction and reduction of surface voids is secured with a
strike-off tenplate.

3.5.1. 4 Longi t udi nal Fl oating

After initial consolidation, further snooth and consolidate concrete by
means of hand-operated longitudinal rollers. Use rollers that are not |ess
than 1.82 m6 feet long and 200 nm 8 inches in dianeter and stiffened to
prevent flexing and warping.

3.5.2 Edging

I medi ately after consolidation and jointing, carefully finish slab edges,
including edges at fornmed joints, with an edge having a radius of not |ess
than 6 mMm 0. 25 inch. C ean by renoving | oose fragments and soupy nortar
fromcorners or edges of slabs which have crunbl ed and areas which | ack
sufficient nmortar for proper finishing. Refill voids solidly with a

m xture of suitable proportions and consistency and refinish. Renobve
unnecessary tool marks and edges. Renmining edges nust be snooth and true
toline.[ Install edge restraints of pervious systens per the draw ngs and
manuf acturer's reconmendati ons. ]
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NOTE: Drawi ngs should clearly show all pavenent
joints. If the jointing plan on the project draw ngs
is not conpatible with the contractor's pl acenment
sequence, the contractor nay submit a plan shop
drawi ng indicating joint |ocations.
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3.5.3 Jointing

Construct joints at the |ocations, depths, and wi dth di nensions indicated
on the project drawi ngs or the approved shop drawi ngs. Tool contraction
joints in fresh concrete inmedi ately after the concrete has been conpacted
to the specified depth and width. Do not sawcut joints. Extend expansion
joints through the full depth of the pavenent. Cut expansion materia
flush to grade after concrete has fully hardened and provide joint filler
material as indicated or as approved on the shop draw ngs.

3.5.3.1 Joi nt Layout Draw ngs

If jointing requirenments on the project drawings are not conpatible with
the proposed placenent sequence, submit a joint |ayout plan shop drawing to
the Contracting Officer for approval. No work nust be allowed to start
until the joint layout plan is approved. The joint [ayout plan nust

i ndi cate and describe in the detail the proposed jointing plan for
contraction joints, expansion joints, and construction joints, in
accordance with the foll ow ng:

a. Indicate locations of contraction joints, construction joints, and
expansion joints. Spacing between contraction joints nust not exceed
4.5 m 15 feet unless noted otherwi se or approved by the Contracting
Officer.
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b. The larger dinmension of a panel nust not exceed 125 percent of the
snal | er di mensi on.

c. The mininumangl e between two intersecting joints nust be 80 degrees,
unl ess noted otherw se or approved by the Contracting Oficer

d. Joints must intersect pavenent-free edges at a 90 degree angle the
pavenent edge and nust extend straight for a mininmmof 450 mm 1.5 feet
fromthe paverment edge, where possible.

e. Align joints of adjacent panels.
f. Align joints in attached curbs with joints in pavenment when possible.
g. Ensure joint depth, w dths, and dinensions are specified.

h. M nimmcontraction joint depth nust be one-fourth of the pavenent
thickness. The minimumjoint width nust be 3 m 1/8 inch

i. Use expansion joints only where pavenent abuts buil di ngs, foundations,
manhol es, and other fixed objects.

.6 CURI NG AND PROTECTI ON

Curing of pervious concrete nmust be in accordance with ACl 522.1. Protect
concrete adequately frominjurious action by sun, rain, flow ng water,
[frost,] mechanical injury, tire marks and oil stains, and do not allow it
to dry out fromthe time it is placed until the expiration of the m ni mum
curing periods specified herein. Use Wite-Polyethylene Sheet, except as
specified otherwi se herein. Do not use nenbrane-form ng conpound. Mintain
tenperature of air next to concrete above 5 degrees C 40 degrees F for the
full curing periods.

.6.1 Wi t e- Pol yet hyl ene Sheet

Begin curing within 20 m nutes of concrete discharge unless | onger working
time is accepted by the Contracting Officer. Lay sheets directly on
concrete surface and overlap 300 nmm 12 i nches. Make sheeting not |ess than
600 mm 24 inches w der than concrete surface to be cured, and wei ght down
on the edges, without using soil or debris, and over the transverse laps to
formclosed joints. Repair or replace sheets when danaged during curing.
Check daily to assure sheets are soundly in place. |f npisture evaporates,
re-saturate concrete and repl ace pol yet hyl ene on pavenent (re-saturation
and re-placing must take no | onger than 10 ninutes per sheet). Leave
sheeting on concrete surface to be cured for at |east seven days.

.7 FI ELD QUALI TY CONTROL

7.1 Sampling

The Contractor's approved | aboratory nmust collect sanples of fresh concrete
in accordance with ASTM C172/ C172N during each working day as required to
performtests specified herein.

.7.2 Consi stency Tests

The Contractor's approved | aboratory nust perform concrete density tests on

the fresh concrete in accordance with ASTM C1688/ C1688lN. Take sanples for
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density deternmination fromconcrete during placenent. Performtests at the
begi nning of a concrete placenent operation and and for each batch
(mninmun) or every 40 cubic meters 50 cubic yards (maxi num) of concrete to
ensure that specification requirenents are net. The fresh density nust be
within plus or mnus 80 K'CM5 | b/CF of the accepted fresh density fromthe
submitted m xture proportions.

.7.3 Sanpl e Cores

After a m ni mum of seven days foll owi ng each placenent, three cores nust be
taken at random per the Contracting O ficer's discretion. Core hardened
concrete panels in accordance with ASTM C42/ C42N Test thickness and
density of the cores in accordance with ASTM Cl174/ Cl74N and paragraph 9.3
of ASTM C140/ C140N, respectively. Tolerance for thickness and density
reported as the average of three cores of each test panel nust be as

follows:

a. The average conpacted thickness nust not be nore than 6 Mm 0.25 in |ess
than the specified thickness.

b. The average conpacted thickness nust not exceed the specified thickness
by nmore than 38 mMmm 1.5 in.

c. The average hardened density nust be within plus or m nus 5 percent of
t he accepted hardened density of the test panels.

Core holes nust be filled with regular concrete or pre-m xed grout.

. 7.4 Surface Testing

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Drawi ngs should clearly show all pavenent
joint intersection elevations, and specific required
devi ations froma plane surface for such special
features as crowns, drainage inlets, etc.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Surface testing for surface snoothness [, edge slunp] and plan grade nust
be perfornmed as indicated bel ow by the Testing Laboratory. The

measur enents must be properly referenced in accordance with paving | ane
identification and stationing, and a report given to the Contracting
Oficer within 24 hours after neasurenent is nade. A final report of
surface testing, signed by a Registered Engineer, containing all surface
measurenents and a description of all actions taken to correct
deficiencies, nust be provided to the Contracting O ficer upon concl usion
of surface testing.

.7.4.1 Sur face Snpot hness Requi renents

The finished surfaces of the pavenments nust have no abrupt change of 3 nm
1/8 inch or nore, and [all pavenments must be within the tol erances

speci fied when checked with a 4 nmeter 12 foot straightedge: 5 mm 1/5 inch
| ongitudinal and 6.5 mMm 1/4 inch transverse directions for roads and
streets and 6.5 mm 1/4 inch for both directions for other concrete
surfaces, such as parking areas.][variations in final pervious surface nust
not exceed [10][ ] nm [3/8][___ ] inch under a 3.0 m 10 foot
straightedge.]
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3.7.4.2 Sur f ace Snoot hness Testing Met hod

The surface of the pavenment nust be tested with the straightedge to
identify all surface irregularities exceeding the tol erances specified
above. The entire area of the pavenent nust be tested in both a

| ongi tudi nal and a transverse direction on parallel |ines approximtely 4.5
m 15 feet apart. The straightedge nust be held in contact with the surface
and noved ahead one-half the length of the straightedge for each successive
measurenent. The anount of surface irregularity nust be determ ned by

pl aci ng the strai ghtedge on the pavenent surface and allowing it to rest
upon the two hi ghest spots covered by its |length and neasuring the naximum
gap between the strai ghtedge and the pavenent surface, in the area between
these two high points. Measurenent of the gap nust be nade with a stee
spacer bar of rectangul ar section the sane thickness as the all owabl e gap
and width of four tinmes the noninal maxi num aggregate size

3.7.5 Pl an Grade Testing and Confornance

The surfaces nust not vary nore than 18 nm 0.75 inch above or 0.0 mO0.0 feet
bel ow the plan grade line or elevation indicated. Each pavenment category

nmust be checked for conformance with plan grade requirenents by running
lines of levels at intervals to deternmine the elevation at each joint
intersection.

3.7.6 Open To Traffic
Do not open the pavenent to vehicular traffic until the concrete has cured
at least 14 days or until the pavenent is accepted by the Contracting
Officer.

-- End of Section --
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