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SUBDRAI NAGE Pl PI NG
05/18

NOTE: This gui de specification covers the

requi renents for subdrainage systens for drainage of
wat er from under the ground using pipes |ess than
300 mm 12 inches in dianeter.

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 reconmended changes for
this gui de specification are wel cone and shoul d be
submtted as a Criteria Change Request (CCR).

*% *%

PART 1

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

GENERAL

1.1 UNIT PRI CES

The paragraph as witten contenpl ates taking bids on
a unit-price basis. Wien it is determined that a
lump sum contract may be nore advi sable, the
paragraph wi |l be del eted.

Del et e paragraph UNIT PRI CES for Navy projects.
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1.1 Pi pe Subdrai ns

Measure the length of pipe installed fromend to end along the centerlines
wi t hout any deduction for the dianeter of the manholes. Pipe will be paid
for according to the nunber of linear neters feet of subdrains placed in
the accepted work. Paynent for bedding and [drainage layer] [filter]
mat eri al s, except geotextiles, will be included in the paynent for the pipe
subdrai n system

1.2 Blind or French Drains

Blind or french drains will be paid for by the |inear neter foot and
measured fromend to end along the centerlines of the conpleted drains.

.1.3 Manholes

Manhol es to be paid for will be the nunber of manhol es conpleted with base
rungs or | adders, frames, and covers or gratings (where specified)
constructed in the accepted work.

1.4 Fl ushi ng and Observation Risers

Fl ushing and observation risers to be paid for will be the nunber of
flushing and observation risers conpleted with franes and covers (where
specified) constructed in the accepted work.

.1.5 Geotextile

Measure geotextile for paynent by the square nmeter [yard][foot] in place.
Measure overl apped joints and seans as a single |ayer of cloth.

2 REFERENCES
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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 (RID) 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 ¢ designation only.
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AMVERI CAN ASSOCI ATI ON OF STATE H GHWAY AND TRANSPORTATI ON CFFI Cl ALS

(AASHTO)

AASHTO M 190

AASHTO M 252

AASHTO M 288

(2004; R 2017) Standard Specification for
Asphal t - Coat ed Corrugated Metal Culvert
Pi pe and Pi pe Arches

(2009; R 2017) Standard Specification for
Corrugat ed Pol yet hyl ene Drai nage Pi pe

(2017) Standard Specification for
Geosynt heti ¢ Specification for H ghway
Applications

ASTM | NTERNATI ONAL (ASTM

ASTM A123/ A123M

ASTM A27/ A27M

ASTM A47/ AATM

ASTM A48/ A48M

ASTM A760/ A760M

ASTM A762/ A762M

ASTM A798/ A798M

ASTM B745/ B745M

ASTM C136/ C136M

ASTM C33/ C33M

ASTM CA78

ASTM C4A78M

(2017) Standard Specification for Zinc
(Hot-Di p Gal vani zed) Coatings on Iron and
Steel Products

(2017) Standard Specification for Steel
Castings, Carbon, for Ceneral Application

(1999; R 2018; E 2018) Standard
Specification for Ferritic Malleable Iron
Castings

(2003; R 2012) Standard Specification for
Gray lron Castings

(2015) Standard Specification for
Corrugated Steel Pipe, Metallic-Coated for
Sewers and Drains

(20015) Standard Specification for
Corrugat ed Steel Pipe, Polymer Precoated
for Sewers and Drains

(2017) Standard Practice for Installing
Fact ory- Made Corrugated Steel Pipe for
Sewers and O her Applications

(2015) Standard Specification for
Corrugat ed Al umi num Pi pe for Sewers and
Drains

(2014) Standard Test Method for Sieve
Anal ysis of Fine and Coarse Aggregates

(2018) Standard Specification for Concrete
Aggregates

(2018) Standard Specification for Crcul ar
Precast Rei nforced Concrete Manhol e
Sections

(2018) Standard Specification for Precast
Rei nf orced Concrete Manhol e Secti ons
(Metric)
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1.

ASTM D2321

ASTM D2487

ASTM D3034

ASTM D3753

ASTM D4632/ D4632M

ASTM F758

ASTM F949

3 SUBMITTALS

(2018) Standard Practice for Underground
Installati on of Thernopl astic Pipe for
Sewers and Qther Gavity-Flow Applications

(2017) Standard Practice for
Classification of Soils for Engineering
Pur poses (Unified Soil d assification
System)

(2016) Standard Specification for Type PSM
Pol y(Vi nyl Chloride) (PVC) Sewer Pipe and
Fittings

(2012; E 2013) d ass-Fi ber-Reinforced
Pol yest er Manhol es and Wetwel | s

(2015a) Grab Breaking Load and El ongati on
of Geotextiles

(2014) Smooth-Wall Pol y(Vinyl Chloride)
(PVC) Plastic Underdrain Systens for
H ghway, Airport, and Sinml|ar Drai nage

(2015) Pol y(Vinyl Chloride) (PVC
Corrugated Sewer Pipe with a Snooth
Interior and Fittings

NOTE:

Revi ew subnittal description (SD) definitions

in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmittals

required for the project.

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

System Only add a “G to an item if the submttal
is sufficiently inmportant or conplex in context of

t he project.

For subnmittals requiring Government approval on Arny
projects, a code of up to three characters within
the submttal tags may be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMS) 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.

The "S" following a submttal itemindicates that
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1

1

the submittal is required for the Sustainability
eNot ebook to fulfill federally mandated sustai nabl e
requi renents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTI NG Locate the "S" subnittal
under the SD nunber that best describes the
subnmittal item

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

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

Governnent approval is required for submttals with a "G' designation
submittals not having a "G' designation are for [Contractor Quality Contro
approval .] [information only. Wen used, a designation following the "G'
designation identifies the office that will review the submttal for the
Government.] Submittals with an "S" are for inclusion in the
Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES
SD- 04 Sanpl es
Geotextile
Pi pe and Pipe Fittings
SD- 06 Test Reports
Geotextile JP-4 Fuel Resistance Test
SD-07 Certificates
Geotextile
Pi pe and Pipe Fittings
4 DELI VERY, STORAGE, AND HANDLI NG

4.1 Delivery and Storage

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

NOTE: This tinme restriction applies to pipe

contai ning normal quantities of ultraviolet (W)

i nhi bitors such as carbon black or titanium di oxide,
i n geographic areas receiving normal UV exposure.
Delays in installation |longer than 6 nonths, from
time of manufacturer to time of installation, may be
al | owned when the Contractor can show that the pipe
has been covered or stored indoors for the duration
of the additional delay.

kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkkkhkhhkhkhkkkkkkkkkk

I nspect materials delivered to site for danage; unload, and store with

m ni mum handling. Do not store materials directly on the ground. Keep the
inside of pipes and fittings sfree of dirt and debris. Keep, during

shi pnent and storage, geotextile wapped in burlap or simlar heavy duty
protective covering. Protect the geotextile fromnud, soil, dust, and
debris. Do not store geotextile materials in direct sunlight. |Instal
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plastic pipe within 6 nonths fromthe date of nanufacture unl ess otherw se
approved.

1.4.2 Handling

Handl e materials in such a manner as to ensure delivery to the trench in
sound undamaged condition. Carry pipe to the trench

PART 2 PRODUCTS

2.1 Pl PE FOR SUBDRAI NS

NOTE: \Where the type of pipe is to be the
Contractor's option, the types that are acceptable
shoul d be included in this specification. The

i napplicable types of pipe should be del eted.

Perforation and slot sizing is based on enbednent
gradation, flow requirenents, and structura

consi derations. The enbednent nmaterial gradation is
in turn based on the gradation of the surroundi ng
soil. In order to mininmze the mgration of fines
into the coarser material while nmaintaining adequate
perneability, the following criteria should be net:

Al soils (except clays without a sand or silt
fraction):

(15 percent size of drainage or filter naterial)/ (85
percent size of material to be drained) = 5 (max)

(50 percent size of drainage or filter material)/ (50
percent size of material to be drained) = 25 (max)

(15 percent size of drainage or filter material =
0.4 (max)

Al Soils

(15 percent size of drainage or filter naterial)/ (15
percent size of material to be drained) = 5 (mn)

(50 percent size of drainage or filter
material)/(slot width) = 1.2 (mn)

(50 percent size of drainage or filter
material)/(hole dianeter) = 1.0 (min)

The m ni mum recomended subdrain pi pe dianmeter is
150 nm 6 i nches.

The draw ngs shoul d indi cate which pi pes nust be
perforated (collector pipes) and which pipes mnust
not be perforated (outlet pipes).

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk
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Subnmit sanples of pipe and pipe fittings, before starting the work.

Provi de type and sizes of subdrain pipe indicated. Subnit certifications
fromthe manufacturers attesting that materials neet specification

requi renents. Certificates are required for drain pipe and fittings.

1.1 Plastic

Provide plastic pipe containing ultraviolet inhibitor to provide protection
fromexposure to direct sunlight. Provide pipe with with bell and spi got
or solvent cenment joints. Provide manufacturer's standard type fittings
conform ng to the indicated specification

.1.1.1 Pol yvinyl Chloride (PVC) and Fittings

ASTM D3034, ASTM F949 or ASTM F758, Type PS 46.

.1.1.2 Corrugat ed Pol yethyl ene (PE) and Fittings

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

NOTE: AASHTO M 252 Type S pipe has an outer
corrugated pipe wall and a snmooth liner. Type SP
pipe is perforated Type S pipe.

*% *% *% *%%

AASHTO M 252, Type S or SP as i ndi cat ed.
.1.1.3 Pi pe Perforations

Provi de pipe perforations with a mininmnumwater inlet area of 1,060 mm
squared per linear neter 0.5 square inch per linear foot and as specified
below.

.1.1.3.1 Circular Perforations in Plastic Pipe

Cleanly cut circular holes not nore than 9.5 nmm 3/8 inch or less than 4.8 mMm
3/16 inch in dianmeter and arrange in rows parallel to the |ongitudina

axis of the pipe. Provide pipe with perforations spaced uniformy al ong
rows. Unl ess otherw se reconmended by the pi pe manufacturer, provide pipe

with rows approximately 38 nmm 1-1/2 inches apart and arranged in a

staggered pattern so that all perforations lie at the m dpoint between
perforations in adjacent rows. Space the rows over not nore than 155
degrees of circunference. Provide pipe that is not perforated for a length
equal to the depth of the socket at the spigot or tongue end and provide
perforations that continue at uniform spacing over the entire length of the

pipe.
.1.1.3.2 Slotted Perforations in Plastic Pipe

Cleanly cut circunferential slots so as not to restrict the inflow of water
and uniformy spaced along the lIength and circunference of the pipe.
Provide pipe with slots not exceeding 3.2 nm 1/8 inch nor Iess than 0.8 mMn
1/32 inch in width. Provide pipe with individual slot |engths not
exceedi ng 10 percent of the pipe inside nomnal circunference on 150 to 200
mm 6 to 8 inch diameter pipe, and 63.5 nm 2-1/2 inches on 250 nm 10 i nch

di ameter pipe. Symetrically space rows of slots so that they are fully
contained in 2 quadrants of the pipe. Center slots in the valleys of the
corrugations of profile wall pipe.
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2.1.2 Corrugat ed Stee
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NOTE: Corrugated steel pipe nay be installed in
soils with a pH range of 6.0 to 8.0 provided the
resistivity is greater than 2,000 chmcm A

bi t um nous coating should be used when soil or
ground-wat er conditions are at or near these limts.

150 to 200 mMm 6 to 8 inch dianmeter pipe has 38 by
6.5 Mm 1-1/2 by 1/4 inch corrugations. Type | pipe
has a circular cross section. Type IIl pipe is Type
| pipe that has been perforated. Cass 1
perforations are 4.8 mmto 9.5 mm 3/16 to 3/8 inch
in diameter with four rows of perforations. Each
perforation is located on the inside crests or along
the neutral axis of the corrugations.

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

ASTM A760/ A760N, Type | or 111, as indicated [with a coating conforming to
AASHTO M 190, Type A]. Provide Class 1 perforations in Type Il pipe.
Pi pe sheet thickness 1.63 mm 0. 064 inch

2.1.3 Corrugat ed Al um num Al | oy
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NOTE: Corrugated al um num pi pe w t hout bitum nous
coating may be installed in soil with pH range of
5,5 t0 8.5 if the resistivity is greater than 500
ohmcmor 5.0 to 9.0 where the resistivity is
greater than 1,500 ohmcm This type of pipe should
not be installed in material classified as OH or OL
according to the Unified Soil Cassification System
as presented in ASTM D2487. Bare al umi num al |l oy
pi pe has satisfactory corrosion resistance in clean
granul ar materials even when subjected to sea water

Ful 'y bitum nous coated corrugated al uni num pi pe my
be considered in soils where the pHrange is 6.0 to
8.0 and resistivity is greater than 2,000 ohmcm

150 to 200 mMm 6 to 8 inch diameter pipe has 38 by
6.5 nm 1-1/2 by 1/4 inch corrugations. Type | pipe
has a circular cross section. Type IlIl pipe is Type
| pipe that has been perforated. Cass 1
perforations are 4.8 mmto 9.5 mMm 3/16 to 3/8 inch
in dianmeter with four rows of perforations. Each
perforation is |ocated on the inside crests or along
the neutral axis of the corrugations.

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkhkkkkkkkkkk

ASTM B745/ B745N, Type | or |11, as indicated [with a bitum nous coating
conform ng to AASHTO M 190, Type A]. Provide Class 1 perforations in Type
Il pipe. Pipe sheet thickness 1.63 nm 0.064 inch

2.1. 4 Precoated Corrugated Stee

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkkkkkkkkkkkkhkhkhkhkhkkkkkkkkkk

NOTE: 150 to 200 mm 6 to 8 inch dianeter pipe has 38
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by 6.5 nm 1-1/2 by 1/4 inch corrugations. Type

pi pe has a circular cross section. Type Ill pipe is
Type | pipe that has been perforated. Cass 1
perforations are 4.8 mmto 9.5 mMm 3/16 to 3/8 inch
in dianmeter with four rows of perforations. Each
perforation is |ocated on the inside crests or along
the neutral axis of the corrugations.

*kkkkkkkkk

*

*
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ASTM A762/ A762N, Type | or 111, as indicated. Provide Cass 1
in Type Il pipe.

2.2 GEOTEXTILE

*
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NOTE: When geotextile is not used in the drainage
system the requirement for geotextile will be
deleted fromthis specification. Wen geotextile is
used in the drainage systemit nay be specified
either by referenci ng AASHTO M 288, requirenments in
Section 31 05 22 CEOTEXTILES USED AS FILTERS (first
set of brackets), or by specifying the requirenents
in this paragraph (remining brackets).

Design criteria for geotextiles are based on the
equi val ent opening size (AQS), percent open area
(POA), and geotextile pernmeability (Kg). The ACS is
defined as the nunmber of the US Standard Sieve
havi ng openi ngs closest in size to the |argest
openings in the geotextile. The ACS specified
shoul d be based on the criteria described below. To
perform piping criteria conmputations, express the
ACS as the equivalent US standard sieve opening in
mllimeters. The ACS can be used for woven and
nonwoven geotextiles Wiere a designer desires to
use "percent open area," the percent open area
shoul d be based on the criteria below. The percent
open area should be used only for woven fabrics.

The perneability test can be used for nonwoven and
woven geotextil es.

The ACS test is a means of evaluating the piping
resi stance of a geotextile, and the percent open
area test is intended to assure adequate flow
through the geotextile and adequate resistance to
reduction in perneability over tine (clogging). The
percent open area test is an indirect test which has
been shown to correlate with a woven geotextile's
long termperneability. The perneability test
neasures the ability of the geotextile to pass water
wi t hout any soil on the fabric. This test does not
provide a direct neasure of field performance of the
geotextile.

Specify geotextile properties which will allow
retention of the soil being protected, permt
sufficient flow through the fabric, and prevent

cl oggi ng. The designer should select the ACS, PQA,

SECTION 33 46 16 Page 11
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and Kg, based on the following criteria:

Protected Soil Percent Piping (a.) Woven M ni mum Nonwoven
Passing 0.075 nm No. 200 Maxi mum ACS (nm) POA M ni num POA
Sieve
Less than 5 percent (b.) D85 (c.) 10 percent Ks (d.)
5 to 50 percent (b.) D85 4 percent Ks
50 to 85 percent (a.) D85 4 percent Ks

(b.) Upper Limt on ACS is
ACS - 0.212 mm No. 70

More than 85 percent (a.) D85 Ks
(b.) Lower Limt on ACS is
ACS - 0.125 nm No. 120

a. \When the protected soil contains appreciable quantities (20 to 30 percent) of
material retained on the 4.75 nm No. 4 sieve, use only the soil passing the 4.75 mm
No. 4 sieve in selecting the ACS of the filter fabric.

b. These protected soils nay have a large perneability and thus the POA of Kg may
be a critical design factor.

c. D85 is the grain size in millinmeters for which 85 percent of the sanple by
wei ght has snaller grains.

d. Kg is the permeability of the nonwoven fabric, and Ks is the perneability of
the protected soil.

The ACS requirenent should be specified as a range
to allow for manufacturing tol erances. The snall est
si eve opening size of the ACS range should not be
smal l er than the openings of a 0.125 nm No. 120 US

Standard Sieve. It is preferable to specify a
geotextile with openings as large as all owed by the
criteria.

Fabric strength requirenents vary with intended use
and construction procedures. Recomended val ues are:

Type Minimum Test

Tensile 444.8 N 100 | bs ASTM D4632/ D4632M grab test 25 mm 1 inch square
and 300 nm 12 inches per nminute constant rate at
traverse.

Elongation 15 percent ASTM D4632/ D4632M det er ni ne apparent breaki ng
elongation.

Puncture 177.8 N 40 | bs. ASTM D3787 except polished steel ball replaced
with a 8 nm5/16 inch dianmeter solid steel
cylinder with a hemispherical tip centered within
the ring clanp.

SECTION 33 46 16 Page 12




2.

Type Minimum Test

Tear 177.8 N 40 | bs. ASTM D4533 trapezoi dal tear strength.

Col | ector pi pes should not be wapped with
geotextile. |If the geotextile is used to line a
trench, the collector pipe should be separated from
the geotextile by a mninmumof 150 nm 6 inches of
granul ar backfill materi al

kkkkkkkkkkkkkkkkkkkkkkkkkkhhkhkkkkkkkkkkkkkhhkkhkhkkkkkkkkkkkhkhkhkhhkkkkkkkkkkk

[ Provide geotextile conforming to AASHTO M 288 and neeting the subsurface
drai nage requirenents.] [Provide geotextile neeting the requirenents in
Section 31 05 22 GEOTEXTILES USED AS FILTERS. ][ Provi de geotextile that is a
[ woven] [nonwoven] pervious sheet of polymeric material consisting of

| ong-chai n synthetic polyners conposed of at |east 95 percent by weight

pol ypropyl ene (PP) or polyester (PET). The use of woven slit film
geotextiles (i.e. geotextiles nade fromyarns of a flat, tape-Ilike
character) will not be allowed. Add stabilizers and/or inhibitors to the
base pol yner, as needed, to nake the filanents resistant to deterioration
by ultraviolet light, oxidation, and heat exposure. The equival ent opening
size (ACS) will be no finer than US Standard Sieve No. [__
coarser than US Standard Sieve No. [ ]. ACS is defined as the nunber
of the US Standard sieve having openings closest in size to the filter
fabric openings. [The percent open area will not be less than |
percent and not nore than [ ] percent. Percent open area is defined as
the sunmation of open areas divided by the total area of the filter fabric
and expressed as a percent.] The mininumgrab strength will be 160 pounds
in accordance with ASTM D4632/ D4632N. Provi de geotextile with filanents
constructed so as to retain their relative position with respect to each
other. [Selvage or otherwi se finish the edges of the geotextile to prevent
the outer material frompulling anay fromthe fabric.] [Provide geotextile
that is woven into a width that nay be installed as shown wi thout

| ongi tudi nal seamns.]]

Subnmit sanples of geotextile and certifications fromthe nanufacturers
attesting that geotextile neets specification requirenents.

3 [ DRAI NAGE LAYER] [ SUBDRAIN FI LTER AND BEDDI NG MATERI AL
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NOTE: The thickness and gradation of the filter
material for use with pipe subdrains and blind or
french drains will be determ ned by soil conditions
and subsoil drainage requirenents. Filter material
will be graded in accordance with the requirenents
of UFC 3-250-01, as applicable. The filter material
pl aced adj acent to perforated pipe will be of a size
that will prevent the entrance of any of the filter
material into the drain. G aded (conposite or

| ayered) filters will be used where specified, and
cross sections will be as indicated on the

drawi ngs. See UFC 3-250-01 for dinmensions of filter
and beddi ng naterial around pipe. Were site
conditions require nore than one filter gradation
the drawings will indicate areas of different
gradation and the tabl e expanded.
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2.

2.

[ Provi de drainage |ayer nmaterial neeting the requirenents in Section

32 11 23. 23 BASE COURSE DRAI NAGE LAYERS] [ Provi de subdrain filter and
beddi ng materi al conposed of washed sand, sand and gravel, crushed stone,
crushed stone screenings, or slag conposed of hard, tough, durable
particles free fromadherent coatings. Filter material may not contain
corrosive agents, organic matter, or soft, friable, thin, or el ongated
particles. Provide filter material that is evenly graded between the
limts specified in TABLE I. Gadation curves will exhibit no abrupt
changes in slope denoting skip or gap grading. Provide filter materials
that are clean and free fromsoil and foreign materials. Renove and
replace filter blankets found to be dirty or otherw se contaninated with
material neeting the specific requirenents, at no additional cost to the
Government.

]

TABLE |
Type | Type I Type |11
Gradation E 11 Gradation 57 Gradation [ ]
ASTM C33/ C33M ASTM C33/ C33M ]
ASTM C136/ C136M Per cent Passi ng Per cent Passi ng Per cent Passi ng
Si eve Size, nm
37.5 1-1/2 inch - 100
25.0 1 inch - 90 - 100
9.5 3/8 inch 100 25 - 60
4.75 No. 4 95 - 100 5 - 40
2.36 No. 8 - 0 - 20
1.18 No. 16 45 - 80 -
0.30 No. 50 10 - 30 -
0.15 No. 100 0 - 10 -

4  DRAI NAGE STRUCTURES
4.1 Concrete
Provi de concrete and reinforced concrete conforming to the requirenments for

[22] [ ] MPa [3,000] [___ ] psi concrete in Section 03 30 00
CAST- | N- PLACE CONCRETE.

.4.2 Mortar

Provide nortar for connections to drainage structures that is conposed of
one part by volunme of portland cement and two parts of sand. Provide
sufficient quantity of water in the mxture to produce a stiff workable
nmortar. Use water that is clean and free of injurious acids, alkalies, and
organic inpurities. Use the nortar within 30 minutes fromthe tine the
ingredients are mixed with water.
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2.4.3 Manhol es and Appurtenances

2.4.3.1 Precast Rei nforced Concrete Manhol e Risers and Tops
ASTM C478N ASTM CA7S8.

2.4.3.2 Precast Concrete Manhol e Bases

ASTM C478NASTM CA478. Provide bases that allow suitable connection with
influent and effluent lines and to provide a suitable base structure for
ri ser sections.

2.4.3.3 d ass Fi ber-Rei nforced Pol yester (FRP)
ASTM D3753.
2.4.3.4 Franes and Covers or Gratings

Except as otherwi se permtted, provide frames and gratings, or frames and
covers of either cast iron with tensile strength test not |ess than

ASTM A48/ AA8N Cl ass 25 or steel conformng to ASTM A27/ A27V, C ass 65-35.
Requi red wei ght, shape, and size are indicated on the drawings. Franes and
covers not subjected to vehicular traffic or storage may be of malleable
iron where indicated. Provide nmalleable-iron franes and covers conformn ng
to ASTM A47/ A47N and of the weight, shape, and size indicated.

2.4.3.5 St eel Ladder

Provide a steel |adder where the depth of a manhol e exceeds 3.66 m 12 feet.
The ladder will be not |ess than 400 nm 16 inches in width, with 19.1 nm
3/ 4 inch diameter rungs spaced 304.8 nm 12 inches apart. Provide two
stringers that are a mininum9.5 nm 3/8 inch thick and 50.8 mm 2 inches

wi de. Adequately anchor |adder to the wall by nmeans of steel inserts
spaced not nore than 1.83 m6 feet apart vertically, and install so as to
provide at least 152.4 mm 6 inches of space between the wall and the

rungs. Galvanize |adders and inserts after fabrication in conformance with
ASTM A123/ A123N

2.5 TESTS, | NSPECTI ONS, AND VERI FI CATI ONS

2.5.1 Ceotextil e JP-4 Fuel Resistance Test

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

NOTE: Delete this paragraph when geotextile wll
not be exposed to JP-4 fuel
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I merse five unaged geotextile sanples, 97 to 107 mmby 147 to 157 mm 4
(plus or minus 0.2) by 6 (plus or mnus 0.2) inches in JP-4 fuel at room
tenperature for a period of 7 days. Test each sanple for tensile strength
and el ongation in accordance with ASTM D4632/ D4632N. Provi de geotextile
with a strength in any direction of not |less than 85 percent of the
strength specified in paragraph GEOTEXTI LE

PART 3 EXECUTI ON
3.1 EXCAVATI ON AND BEDDI NG FOR SUBDRAI N SYSTEMS

Excavate trenches, including the renoval of rock and unstable material, in
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3.

3.

3.

accordance with Section [31 00 00 EARTHWORK] [31 23 00.00 20 EXCAVATI ON AND
FILL]. Bedding nmaterial shall be placed in the trench as indicated or as
required as replacenent materials used in those areas where unstable
materi al s were renoved. Conpaction of the bedding material shall be as
specified for cohesionless material in Section 31 00 00 EARTHWORK.

2 MANHCLES AND FLUSHI NG AND OBSERVATI ON RI SERS
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NOTE: The details indicating size, shape,

material s, thickness of various sections, the finish
required, and anounts or reinforcing, if any, for
headwal | s, and nmanholes will be shown in the

drawi ngs. Al so, the shape, size, thickness of
sections, kind of materials, and weight for frames
and covers for subdrain manholes will be indicated
in the drawings. The covers will be designed to
have anple strength for the traffic conditions to
whi ch they may be subjected. Fixed |adders or | adder
rungs will be provided for nmanholes 3.6 m 12 feet or
deeper neasured fromtop of grate to invert of

outl et pipe.

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

2.1 Manholes

Install manhol es conplete with franes and covers or gratings at the

| ocations and within the limts and sizes indicated. Construct manhol es of
one of the materials specified for nanhol es i n paragraph DRAI NAGE
STRUCTURES. [Conpletely fill precast concrete manhole joints so that they
are snooth and free of surplus nortar or mastic on the inside of the
structure.] Use either precast or cast-in-place concrete manhol e bases.

.2.2 FI ushi ng and Observation Risers

Install flushing and observation riser pipes with franmes and covers at the
| ocations indicated. Construct risers of non-perforated [plastic] [or]

[gal vani zed] [bitum nous coated] [corrugated netal] pipe. Join riser pipes
to the subdrain system as indicated.

3 | NSTALLATI ON OF GEOTEXTI LE AND PI PE FOR SUBDRAI NS

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

NOTE: CQutlets for subdrains, if possible, within
reasonabl e costs, will be designed so that severe
rainstornms will neither submerge the drains nor back
up water into the drains. Were outlets are not

subj ect to backwater or flooding, the outlets wll
be provided with grates or heavy screens to prevent
acts of vandalismor entrance by rodents. |If
suitable outlets for blind or french drains into
pervious strata of gravel or sand with a | ower water
tabl e are not obtainable, pipe outlets may be
required. The perforated pipe will extend into the
filter material of the blind or french drain a
sufficient distance to provide anpl e waterway
openings for the particular drain and non-perforated
pipe will extend through the inpervious material to
a suitable outlet. Qutlets subject to flooding will
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be provided with suitable and properly installed
check valves or flap gates. |If outlet pipes are
necessary for blind or french drains, and are to be
paid for as a separate item such requirement will
be clearly specified, giving the various kinds and
sizes of pipe required.

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

3.3.1 Install ati on of Geotextile

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

NOTE: When geotextile is not used in the drainage
system the requirement for geotextile will be
deleted fromthis specification
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3.3.1.1 Trench Lining and Overl aps

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

NOTE: The strength properties of npst geotextiles
conposed of plastic naterials are adversely affected
by ultraviolet rays. Consequently, the geotextile
shoul d be exposed to sunlight as little as possible,
and preferably should be covered the sane day as
installed. When geotextile is used to separate the
drai nage layer or filter nmaterial fromthe soi

bei ng drai ned, the gradation ratios of filter
material to protected soil given in UFC 3-230-06A,
do not apply; however, size the geotextile to filter
the protected soil.

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

Grade trenches to be lined with geotextile to obtain snpboth side and bottom
surfaces so that the geotextile will not bridge cavities in the soil or be
damaged by projecting rock. Lay the geotextile flat but not stretched on
the soil, and secure it with anchor pins in accordance with manufacturer's
instructions. Overlap at least 150 to 300 mMmm 6 to 12 inches, and secure

wi th anchor pins along the overl aps.

3.3.2 Installation of Pipe for Subdrains
3.3.2.1 Pipelaying

Install pipe in accordance with the nmanufacturer's reconmendati ons.

Thor oughl y exam ne each section of pipe before being |aid; do not use
defective or damaged pipe. Do not |ay pipe when the trench conditions or
weat her is unsuitable for such work. Renobve water fromtrenches by sunp
punpi ng or other approved nmethods. Lay the pipe to the grades and
alignment as indicated. Bed the pipe to the established gradeline. Center
perforations on the bottom of the pipe. Lay bell-and-spigot type with the
bell ends upstream Approval of all in-place pipes by the Contracting
Oficer is required prior to backfilling.

3.3.2.2 Jointings

3.3.2.2.1 Perforated Corrugated Metal Pipe or Bitum nous Coated, Perforated
Corrugated Metal Pipe

Securely fasten together the sections of perforated corrugated netal pipe
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or bitum nous coated, perforated corrugated netal pipe standard connecting
bands furnished by the nmanufacturer of the pipe.

3.3.2.2.2 Bi t um nous Coated or Uncoated Corrugated Al um num Pi pe

If alum numpipe is to be connected to dissimlar metal, insulate the
connection by bitum nous coating or other nonconductive naterial. Securely
fasten standard joints between corrugated al uni num pi pe with standard
connecting bands furnished by the nmanufacturer of the pipe.

3.4 | NSTALLATI ON OF [ DRAI NAGE LAYER][ FI LTER] MATERI AL AND BACKFI LLI NG FOR
PERFCORATED SUBDRAI NS

After perforated pipe for subdrains has been laid, inspected, and approved,
pl ace [drainage layer] [filter] material around and over the pipe to the
depth indicated. Place the [drainage layer] [filter] material in layers
not to exceed 200 mMm 8 inches thick. [Saturate by flooding.] [Thoroughly
conpact each layer using nechanical tanpers or ranmers. ]

3.5 | NSTALLATI ON OF BEDDI NG AND BACKFI LL FOR NON- PERFORATED SUBRAI N OQUTFALL
PIPE

3.5.1 Pl astic Pipe

Pl ace and conpact pipe enbednent for plastic pipe in accordance with
ASTM D2321. Use Class IB or Il enbednent material s.

3.5.2 Corrugated Metal Pipe

Pl ace and conpact beddi ng ans structural backfill for corrugated netal pipe
in accordance with ASTM A798/ A798l. Use structural backfill materials
classified by ASTM D2487 as either GW GM G>-GM GMGM GC, GP-GC or SW

3.6 | NSTALLATI ON OF AND BACKFI LLI NG FOR BLI ND OR FRENCH DRAI NS

Place filter material as indicated and conpact as specified for
cohesionless materials in Section [31 00 00 EARTHWORK] |

31 23 00.00 20 EXCAVATI ON AND FILL]. Extend filter material to a suitable
outlet or to an outlet through a pipeline as indicated. Place and conpact
overlying backfill material as specified in Section [31 00 00 EARTHWORK] [
31 23 00.00 20 EXCAVATI ON AND FI LL].

-- End of Section --
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