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SECTI ON 33 46 16

SUBDRAI NAGE SYSTEM
04/ 08
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NOTE: This gui de specification covers the
requi renents for subdrainage systens for drainage of
wat er from under the ground.

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
insert appropriate information

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

Comment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnmitted as
a Citeria Change Request (CCR)
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PART 1 GENERAL

1.1 MEASUREMENT AND PAYMENT

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

NOTE: When filter fabric is not used in the
drai nage system the requirenent for filter fabric
will be deleted fromthis specification

The paragraph as witten contenpl ates taking bids on
a unit-price basis. Wen it is deternmined that a

| unp-sum contract nay be nore advi sable, the
paragraph will be del eted.

Rk Rk kR IR R R Sk O kb S O I AR R R R Rk O ok O O R IR I bk S A R
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1.1 Pi pe Subdr ai ns

The I ength of pipe installed will be neasured fromend to end al ong the
centerlines wthout any deduction for the dianeter of the manholes. Pipe
will be paid for according to the nunber of linear neters feet of subdrains
pl aced in the accepted work. Paynent for bedding and filter materials,
except filter fabric, will be included in the paynent for the pipe subdrain
system

1.2 Blind or French Drains

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

.1.3 Manhol es

Manhol es to be paid for will be the number of manhol es conpleted with base,
rungs or | adders, franmes, 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 Filter Fabric

Filter fabric shall be neasured for paynent by the square [neter yard] [
neter foot] in place. Overlapped joints and seans shall be neasured 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
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a RI D outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Ref erence 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 ficati on when you choose to reconcile
references in the publish print process.

EE R R R S I R I R I R I R S R R R R O S R R I R R R R R S R R R O

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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AASHTO

AASHTO

AASHTO

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM B

ASTM C

ASTM C

ASTM C

ASTM C

AVERI CAN ASSOCI ATI ON OF STATE H G-HWAY AND TRANSPORTATI ON CFFI Cl ALS

( AASHTO)

M 190

M 252

M 294

(2004) Bitum nous Coated Corrugated Metal
Cul vert Pipe and Pi pe Arches

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

(2009) Standard Specification for
Corrugat ed Pol yet hyl ene Pi pe, 300- to
1500- nm Di anet er

ASTM | NTERNATI ONAL ( ASTM

123/ A 123M

2271 A 227M

229/ A 229M

27/ A 27M

47/ A 47TM

48/ A 48M

760/ A 760M

762/ A 762M

745/ B 745M

139

14

14M

150/ C 150M

(2009) Standard Specification for Znc
(Hot-Di p Gal vani zed) Coatings on Iron and
St eel Products

(2006) Standard Specification for Steel
Wre, Cold-Drawn for Mechanical Springs

(1999; R 2005) Standard Specification for
Steel Wre, QI-Tenpered for Mechani cal
Spri ngs

(2008) Standard Specification for Steel
Castings, Carbon, for General Application

(1999; R 2009) Standard Specification for
Ferritic Malleable Iron Castings

(2003; R 2008) Standard Specification for
Gray lron Castings

(2009) Standard Specification for
Corrugated Steel Pipe, Metallic-Coated for
Sewers and Drains

(2008) Standard Specification for
Corrugat ed Steel Pipe, Polynmer Precoated
for Sewers and Drains

(1997; R 2005) Standard Specification for
Corrugat ed Al um num Pi pe for Sewers and
Dr ai ns

(2005) Standard Specification for Concrete
Masonry Units for Construction of Catch
Basi ns and Manhol es

(2007) Standard Specification for Concrete
Sewer, Storm Drain, and Cul vert Pipe

(2007) Standard Specification for Concrete
Sewer, Storm Drain, and Cul vert Pipe
(Metric)

(2009) Standard Specification for Portland
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ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM D

ASTM D

ASTM D

231

33/ C 33M

412

412M

425

444

444M

478

478M

55

62

654

654M

700

1751

1752

2751

Cenent

(2009a) Standard Test Method for Air
Content of Freshly M xed Concrete by the
Pressure Method

(2008) Standard Specification for Concrete
Aggr egat es

(2004; R 2009) Standard Specification for
Clay Drain Tile and Perforated Clay Drain
Tile

(2005a) Concrete Drain Tile
(2005a) Concrete Drain Tile (Metric)

(2004; R 2009) Standard Specification for
Conpression Joints for Vitrified Cay Pipe
and Fittings

(2003; R 2009) Perforated Concrete Pipe

(2003; R 2009) Perforated Concrete Pipe
(Metric)

(2009) Standard Specification for Precast
Rei nf orced Concrete Manhol e Secti ons

(2009) Standard Specification for Precast
Rei nf or ced Concrete Manhol e Secti ons
(Metric)

(2009) Concrete Brick

(2008) Building Brick (Solid Masonry Units
Made from Clay or Shale)

(2005a) Porous Concrete Pipe
(2005a) Porous Concrete Pipe (Metric)

(2009) Standard Specification for
Vitrified day Pipe, Extra Strength,
Standard Strength, and Perforated

(2004; R 2008) Standard Specification for
Pref ormed Expansion Joint Filler for
Concrete Paving and Structural
Construction (Nonextrudi ng and Resilient
Bi t um nous Types)

(2004a; R 2008) Standard Specification for
Pref ormed Sponge Rubber Cork and Recycl ed
PVC Expansi on

(2005) Standard Specification for
Acrylonitril e-Butadi ene-Styrene (ABS)
Sewer Pipe and Fittings
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ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

3034 (2008) Standard Specification for Type PSM

Pol y(Vi nyl Chloride) (PVC) Sewer Pipe and
Fittings

3212 (2007) Standard Specification for Joints

for Drain and Sewer Plastic Pipes Using
Fl exi bl e El astoneri ¢ Seal s

3753 (2005e1) d ass- Fi ber-Rei nforced Pol yester

Manhol es and Wetwel | s

422 (1963; R 2007) Particle-Size Analysis of
Soils

5034 (2009) Breaking Strength and El ongation of
Textile Fabrics (Grab Test)

405 (2005) Corrugated Pol yet hyl ene (PE) Tubi ng
and Fittings

667 (2006) Large D aneter Corrugated
Pol yet hyl ene Pipe and Fittings

758 (1995; R 2007el) Snooth-Vall Pol y(Vinyl
Chloride) (PVC) Plastic Underdrain Systens
for H ghway, Airport, and Simlar Drai nage

949 (2010) Pol y(Vinyl Chloride) (PVC

Corrugated Sewer Pipe with a Snooth
Interior and Fittings

.3 SUBM TTALS

EE R R R S I R R R I O I R R R R I O S R R I R R R R R R R R O

NOTE: Review subnmittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the submttals
required for the project. Submittals should be kept
to the minimumrequired for adequate quality control.

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Governnent approval on Arny
projects, a code of up to three characters within
the subnmittal tags nay 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
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1

1

Resident Ofice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

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

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

Government 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
CGovernment.] Submit the followi ng in accordance with Section 01 33 00
SUBM TTAL PROCEDURES

SD- 04 Sanpl es

Filter Fabric
Pi pe for Subdrains

Sanples of filter fabric, pipe, and pipe fittings, before
starting the work.

SD-07 Certificates

Filter Fabric
Pi pe for Subdrains

Certifications fromthe manufacturers attesting that materials
nmeet specification requirenents. Certificates are required for
drain pipe, drain tile, fittings, and filter fabric.

4 DELI VERY, STORAGE, AND HANDLI NG

4.1 Del i very and Storage

Rk Ik Sk kR IR R R I kO e S O R R Rk Rk kO R AR Ik I kS I S I b R R R o

NOTE: This time restriction applies to pipe

contai ning normal quantities of ultraviolet (W)

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

EE R R R S I R R I R R R S R R R R R S R R I R I R R R R R R R R

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

m ni mum handling. Do not store materials directly on the ground. The
inside of pipes and fittings shall be free of dirt and debris. Keep,
during shipnent and storage, filter fabric wapped in burlap or simlar
heavy duty protective covering. The storage area shall protect the fabric
fromnud, soil, dust, and debris. Filter fabric materials that are not to
be installed i mediately shall not be stored in direct sunlight. Instal
plastic pipe within 6 nonths fromthe date of nmanufacture unless otherw se
approved.
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1.4.2 Handl i ng

Handl e materials in such a manner as to ensure delivery to the trench in
sound undanmaged condition. Pipe shall be carried and not dragged to the
trench.

PART 2 PRODUCTS

2.1 Pl PE FOR SUBDRAI NS

EE R R R S I R R I R I R S R R R R O S R R R I R I R R S R R R R R O

NOTE: The type or types of pipe to be used will be
i ndi cated on the drawi ngs. Were a Contractor's
option is to be permitted, the types that are
acceptable will be included in the specification
Designers' instructions, including required strength
of pipe, are in UFC 3-230-16FA and UFC 3-230-17FA.
In specifying pipe for subdrains, pipe of conparable
strength for the various sizes and kinds of pipe

wi |l be specified.

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

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

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

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

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

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

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

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

Pi pe for subdrains shall be of the types and sizes indicated.
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2.1.1 Concrete

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

NOTE: Type |l cenent nornally will be specified,
but Type V cenent will be specified when the soils

contain nore than 0.2 percent water-soluable sulfate

as S or the water contains nore than 1,000 parts
per million sulfates. Type | cenment may be
permitted when the water-soluable sulfates in the
soil are less than 0.1 percent and the sulfates in
the water are less than 150 parts per mllion.

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R

Class 1, 2, or 3 as indicated and conformto ASTM C 14NVASTM C 14 usi ng

ASTM C 150/ C 150N portland cenent Type [I1][V].
2.1.2 Clay and Perforated C ay

2.1.2.1 d ay

Clay pipe shall be either standard or extra strength as indicated and shall

conformto ASTM C 700.

2.1.2.2 Perforated C ay

Perforated clay pipe shall be either standard or extra strength as

i ndi cated and shall conformto ASTM C 700. Pl ain-end pipe confornmng to
the strength and perforation requirenments of ASTM C 700 will al so be
acceptable if provided with spring wire clips of approved type to naintain

a taut but elastic joint between the sections of pipe when |aid.

cips

shal | be constructed of not smaller than No. 9 hard-drawn or oil-tenpered
steel wire confornming to ASTM A 227/ A 227N or ASTM A 229/ A 229V, and shal |
be coated with an approved rust preventive coating. Wre clips shall

wi thstand 25 cycles of alternate |oading and unl oadi ng using a stressing
force of 556 N 125 pounds. The permanent set resulting fromthis test

shall be less than 5 percent, based on the original length of the

fastener. Conpression joints conformng to ASTM C 425 will al so be

accept abl e.

2.1.3 Per f orat ed Concrete

Conformto ASTM C 444N ASTM C 444, Type [I][1I] perforations and to

ASTM C 14NASTM C 14, Class 1, 2, or 3 as indicated.

2.1. 4 Perforated Corrugated Steel

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

NOTE: Corrugated steel pipe nay be installed in
soils with a pHrange of 6.0 to 8.0 provided the
resistivity is greater than 2,000 ohmcm A

bi t um nous coating should be used when soil or
ground-water conditions are at or near these linmts.

EE R R R S I R I R R I R S R I R R R S R I R I R R R R R S R R R O

Perforated corrugated steel pipe shall conformto ASTM A 760/ A 760l, Type

[11. Sheet thickness of pipe shall be as indicated.
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2.1.5 Perforated Corrugated Steel, Fully Bitum n. Coated

Perforated corrugated steel pipe, fully bitum nous coated, shall conformto
ASTM A 760/ A 760, Type |11, with a coating conform ng to AASHTO M 190,
Type A.  Sheet thickness of pipe shall be as indicated.

2.1.6 Drain Tile

Rk bk b R IR R R O kO b S O R Rk Rk R ok O S O R R R Ik kS I O I b Rk R

NOTE: Drain tile will not be used for genera
airfield or heliport construction, drainage systens
for structures, or for drains crossing adjacent to
paved areas, and will be used only for subsoi
drainage for drill areas, parade grounds, athletic
fields, and other areas simlarly used that are
subject to lightweight vehicle traffic only, and
where conditions justify its use. Special quality
of drain tile will be specified for tile laid in
soils that are markedly acid or that contain unusua

quantities of sulfates.
EE IR R I Sk S S I S S S I R R R Rk I S Sk S I Sk I R R Ik I S I R Sk I O R I

Clay drain tile shall conformto ASTM C 4 standard, extra quality or heavy
duty as indicated. Concrete drain tile shall conformto ASTM C 412N

ASTM C 412 standard, extra, heavy duty extra, or special quality as

i ndi cat ed.

2.1.7 Porous Concrete

EE R R R S I R I R I I R R S R R R R R R S R R I R I R R R R S R R R

NOTE: Type Il cenent normally will be specified,

but Type V cenent will be specified when the soils
contain nore than 0.2 percent water-soluable sulfate
as SO4 or the water contains nore than 1,000 parts
per million sulfates. Type | cenent nmay be
pernmitted when the water-soluable sulfates in the
soil are less than 0.1 percent and the sulfates in

the water are less than 150 parts per mllion
EE IR I Sk S S O S S S I R R R Rk I I S kS Ik I kR Ik S S I S R Sk I O

Conformto ASTM C 654N ASTM C 654, standard or extra strength as indicated
and using ASTM C 150/ C 150N portland cenment Type [II][V].

2.1.8 Perforated Corrugated Al um num Al |l oy

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Corrugated al uni num pi pe w t hout bitum nous
coating may be installed in soil with pH range of
5,5t0 85 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 O assification System
as presented in ASTM D 2487. Bare al uni num al | oy
pi pe has satisfactory corrosion resistance in clean

granul ar materials even when subjected to sea water.
EE IR I Sk S S O S S S I R R R Rk I I S kS Ik I kR Ik S S I S R Sk I O

Perforated corrugated al um num alloy pipe shall conformto ASTM B 745/ B 745,
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Type 111, Cass [1] [2]. Sheet thickness of pipe shall be as indicated.

2.1.9 Perforated Corrugated Al um num All oy, Fully Bitumn. Coated

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O

NOTE: Corrugated al unmi num pi pe, fully bitum nous
coated, rmay be considered in soils where the pH
range is 6.0 to 8.0 and resistivity is greater than
2,000 ohmcm

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Perforated corrugated al um num all oy pipe, fully bitumnm nous coated shal
conformto ASTM B 745/ B 745N, Type Ill, Cass [1] [2] with a bitum nous
coating conform ng to AASHTO M 190, Type A.

.1.10 Precoated Corrugated Stee

Precoated corrugated steel pipe shall conformto ASTM A 762/ A 762N, Type
Il

.1.11 Pl astic

Pl astic pipe shall contain ultraviolet inhibitor to provide protection from
exposure to direct sunlight.

.1.11.1 Acrylonitril e-Butadi ene-Styrene (ABS)

Acrylonitril e-butadi ene-styrene (ABS) piping and fittings shall conformto
ASTM D 2751, with maxi rum SDR of 35.

.1.11.2 Pol yvi nyl Chloride (PVC) and Fittings

Pol yvi nyl chloride (PVC) pipe and fittings shall conformto [ASTM D 3034,] |
ASTM F 949,] [ASTM F 758, Type PS 46].

.1.11.3 Corrugat ed Pol yethylene (PE) and Fittings

Use [ASTM F 405 for pipes 80 to 150 mr 3 to 6 inches in dianeter,
inclusive, ASTMF 667 for pipes 200 to 600 mr 8 to 24 inches in dianeter] |
AASHTO M 252 for pipes 80 to 250 mr 3 to 10 inches, AASHTO M 294 for pipes
300 to 600 mr 12 to 24 inches in dianmeter]. Fittings shall be

manuf acturer's standard type and shall conformto the indicated

speci fication.

.1.11. 4 Pi pe Perforations

Water inlet area shall be a mninumof 1,058.4 nm squared per |inear neter
0.5 square inch per linear foot. Manufacturer's standard perforated pipe
whi ch essentially neets these requirenents may be substituted with prior
approval of the Contracting Oficer.

a. Circular Perforations in Plastic Pipe: Circular holes shall be
cleanly cut not nore than 9.5 mr 3/8 inch or less than 4.8 mr 3/16 inch
in dianmeter and arranged in rows parallel to the |ongitudinal axis of
the pipe. Perforations shall be approximately 76.2 mr 3 inches
center-to-center along rows. The rows shall be approximately 38.1 nmr
1-1/2 inches apart and arranged in a staggered pattern so that al
perforations lie at the m dpoint between perforations in adjacent

rows. The rows shall be spaced over not nore than 155 degrees of
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circunference. The spigot or tongue end of the pipe shall not be
perforated for a length equal to the depth of the socket, and
perforations shall continue at uniform spacing over the entire length
of the pipe.

b. Slotted Perforations in Plastic Pipe: GCircunferential slots shal

be cleanly cut so as not to restrict the inflow of water and uniformy

spaced along the Iength and circunference of the tubing. Wdth of

slots shall not exceed 3.2 nmr 1/8 inch nor be less than 0.8 mr 1/32 inch

The I ength of individual slots shall not exceed 31.75 nmr 1-1/4 inches on
80 mm 3 inch dianeter tubing, 10 percent of the tubing inside nom na
circunference on 100 to 200 nr 4 to 8 inch dianeter tubing, and 63.5 mr
2-1/2 inches on 250 nm 10 i nch dianmeter tubing. Rows of slots shall be

symmetrically spaced so that they are fully contained in 2 quadrants of

the pipe. Slots shall be centered in the valleys of the corrugations

of profile wall pipe.

2.2 FI LTER FABRI C

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

NOTE: When filter fabric is not used in the
drai nage system the requirenent for filter fabric
will be deleted fromthis specification.

Design criteria for filter fabrics are based on the
equi val ent openi ng size (AOS), percent open area
(POA), and filter fabric perneability (Kg). The ECS
is defined as the nunber of the US Standard Sieve
havi ng openings closest in size to the | argest
openings in the filter fabric. The ACS specified
shoul d be based on the criteria described below To
performpiping criteria conputations, the ACS nust
be expressed as the equival ent US standard sieve
opening in mllimeters. The ACS can be used for
woven and nonwoven fabrics. Were a designer
desires to use "percent open area," the percent open
area should 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 fabrics.

The ACS test is a neans of evaluating the piping
resistance of a filter fabric, and the percent open
area test is intended to assure adequate flow
through the fabric 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 fabric's |ong
termpernmeability. The pernmeability test neasures
the ability of the filter fabric to pass water

wi t hout any soil on the fabric. This test does not
provide a direct nmeasure of field perfornmance of the
filter fabric.

The designer nmust specify filter fabric properties
which will allow retention of the soil being
protected, permit sufficient flow through the
fabric, and prevent clogging. The designer should
sel ect the ACS, POA, and Kg, based on the follow ng
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criteria:

Pr ot ect ed Soi

Nonwoven

(d.)

Per cent Passing Piping (a.) Wiven
0.075 mm (No. 200) Sieve Maxi mrum ACS (nm) M ni rum PQA
Less than 5 D85 (c.) 10 percent
per cent (b.)
5 percent to 50 D85 4 percent
per cent (b.)
50 percent to (a.) D85 4 percent
85 percent (b.) Upper Limt

on ACS is ACS

= 0.212 mm

(No. 70) US

Standard Si eve
More than (a.) = D85
85 percent (b.) Lower Limt

on ACS is ACS

= 0.125 mm

(No. 120) Us

a. Wen the protected soi
gquantities (20 to 30 percent) of naterial
on the 4.75 nm (No. 4) sieve,

St andard Si eve

contai ns appreciable

retai ned

use only the soi

passing the 4.75 mm (No. 4) sieve in selecting the

ACS of the filter

fabric.

b. These protected soils nmay have a | arge
pernmeability and thus the PQOA of Kg nay be a
critical design factor.

c. D85 is the grain size in mllineters for which
85 percent of the sanple by weight has smaller

grains.

d. Kg is the perneability 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

manuf act uri ng tol erances.

The smal | est

si eve opening size of the ACS range shoul d not be
smal l er than the openings of a 0.125 mm (No. 120) US

St andard Si eve.

It

is preferable to specify a

filter fabric with openings as large as all owed by

the criteria.

Fabric strength requirenments vary with intended use
and construction procedures. Experience has shown
t hat when a heavi er nonwoven fabric is used, the
beddi ng material can often be reduced in thickness
or conpletely elimnated. Reconmmended val ues are:
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2.

Tensil e 444.8 N (100 | bs) ASTM D 5034 grab test 25.4 mm
(1 inch) square and 304.8 mm
(12 inches) per ninute constant
rate at traverse

El ongati on 15 percent ASTM D 5034 det erm ne apparent
br eaki ng el ongati on

Puncture 177.8 N (40 Ibs.) ASTM D 3787 except polished steel
ball replaced with a 8 nm (5/16
i nch) dianmeter solid steel
cylinder with a hem spherical tip
centered within the ring clanp.

Tear 111.2 N (25 Ibs.) ASTM D 1117 trapezoidal tear
strengt h.

Filter fabrics used to wap collector pipes should
be surrounded by at |east 150 nm (6 inches) of
granular material. |If the filter fabric is used to
line a trench, the collector pipe should be
separated fromthe fabric by a mninumof 150 nm (6
i nches) of granular backfill material

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREEEEREEEEEEEEEEREEEREEEEEEREEEEEEESES

Filter fabric shall be a pervious sheet of polyester, nylon, or

pol ypropyl ene filaments woven or otherwi se forned into a uniformpattern
wi th distinct and nmeasurabl e openings. The filter fabric shall provide an
equi val ent opening size (AOS) no finer than the US Standard Sieve No.
_____ ] and no coarser than the US Standard Sieve No. [ ]. AGCSis
defined as the nunber of the US Standard sieve having openings closest in
size to the filter fabric openings. [The percent open area provided shal
not be less than [ ] percent and not nore than | ] percent.

Percent open area is defined as the summtion of open areas divided by the
total area of the filter fabric and expressed as a percent.] [The
filaments shall consist of a |ong-chain synthetic pol yner conposed of at

| east 85 percent by weight of propylene, ethylene, or vinylidene-chloride,
and shall contain stabilizers and/or inhibitors added to the base plastic
to make the filanments resistant to deterioration due to ultraviolet and
heat exposure.] The fabric shall have a m ni mum physi cal strength of
[ ] N meter pounds per inch in any direction when tested in accordance
with ASTM D 5034 using the grab test nethod with 645.2 square mr 1 square
inch jaws and a constant rate of travel of 304.8 mr 12 inches per minute.
El ongation at failure shall be between [30] [__ ] and [70] [___ ]
percent. The fabric shall be constructed so that the filaments will retain
their relative position with respect to each other. [The edges of the
fabric shall be selvaged or otherw se finished to prevent the outer
material frompulling away fromthe fabric.] [The fabric shall be woven
into awidth that may be installed as shown wi thout |ongitudinal seans.]

—

3 SUBDRAI' N FI LTER AND BEDDI NG MATERI AL

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

NOTE: The thickness and gradation of the filter
material for use with pipe subdrains and blind or
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french drains will be deternined by soil conditions
and subsoil drainage requirenents. Filter material
will be graded in accordance with the requirenments
of UFC 3-230-06A, as applicable. TABLE | includes
the requirenents for each specific installation
The filter material placed adjacent to perforated
pi pe and open joints will be of a size that wll
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 draw ngs. For
pipe with perforations, the filter material wll
extend froma point not |less than 150 nm (6 inches)
bel ow the pipe to a point up the sides of the pipe
not |less than 50.8 mm (2 inches) above the

hori zontal centerline. For bell-and-spigot or

t ongue- and- groove pipe laid as specified in

par agr aph EXCAVATI ON AND BEDDI NG FOR SUBDRAI N
SYSTEMS, additional filter material not |ess than
150 mm (6 inches) thick and 300 mm (12 inches) wi de
will be placed entirely around the joints. Sieve
sizes and gradation requirenent are inserted in
TABLE | using the applicable values from TABLE I1.
Where site conditions require nore than one filter
gradation, the drawings will indicate areas of

di fferent gradation and the tabl e expanded.
EE IR I Sk S S I S S I O R R R Rk I I S Sk S Ik I Sk I S R R R Rk S S I kS kI S O R I

Subdrain filter and bedding naterial shall be washed sand, sand and gravel,
crushed stone, crushed stone screenings, or slag conposed of hard, tough,
durable particles free from adherent coatings. Filter material shall not
contain corrosive agents, organic matter, or soft, friable, thin, or

el ongated particles and shall be evenly graded between the linmts specified
in TABLE I. TABLE Il shows values that can be used to conplete TABLE I
Gradation curves will exhibit no abrupt changes in slope denoting skip or
gap grading. Filter materials shall be clean and free fromsoil and
foreign materials. Filter blankets found to be dirty or otherw se

contam nated shall be renmoved and replaced with material mneeting the
specific requirenments, at no additional cost to the CGovernnent.

TABLE |. FILTER GRADATI ON
Si eve Percent by Wei ght Passing
Desi ghati on Gradation A° Gadation B Gadation C
TABLE 11
[ Type | Type |1 Type 111

[Gadation E 11 [ Gradation 57 [Gadation [ ]

ASTM C 33/ C 33M ASTM C 33/ C 33M [ 111
[[ ASTM D 422
Si eve Size] [ Percent Passing] [Percent Passing] [Percent Passing]

37.5 mm -- 100 [ ]
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2.

2.

TABLE 11

[ Type | Type 11 Type |11
[Gadation E 11 [ Gradation 57 [Gadation [ ]
ASTM C 33/ C 33M ASTM C 33/ C 33M [ 111

[[ ASTM D 422
Si eve Size] [ Percent Passing] [Percent Passing] [Percent Passing]

25.0 mm -- 90 - 100 ]

9.5 mMm 100 25 - 60 [ ]

4.75 mm 95 - 100 5 - 40 [ ]

2.36 mMm -- 0 - 20 [ ]

1.18 mm 45 - 80 -- [ ]
300 m croneters 10 - 30 -- [ ]
150 m croneters 0 - 10 - - [ 11

TABLE 11
[ Type | Type |1 Type |1
[Gadation E 11 [ Gradation 57 [ Gadation [ 11
ASTM C 33/ C 33M ASTM C 33/ C 33M

[[ASTM D 422
Si eve Size] [ Percent Passing] [ Percent Passing] [ Percent Passing]
1.5 inches -- 100 [ ]
1 inch -- 90 - 100 [ ]
3/8 inch 100 25 - 60 [ ]
No. 4 95 - 100 5 - 40 [ ]
No. 8 -- 0 - 20 [ ]
No. 16 45 - 80 -- [ ]
No. 50 10 - 30 -- [ ]
No. 100 0 - 10 -- [ 11

4 DRAI NAGE STRUCTURES

4.1 Concrete

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: Delete the |ast sentence when exposed-to-view
concrete surfaces will not be subjected to the
action of deicing chemicals. The required air
contents are for concrete that will be subjected to
freezing weat her and the possible action of deicing
chemicals. In climates where freezing is not a
factor, but where air entrainnent is used in |loca
comrercial practice to inprove the workability and
placability of concrete, concrete having air content
of 3 to 6 percent may be specified.

Rk Ik kR R IR R R Sk S ke S O R AR Rk R R Rk O o O O R R R IR R I S b I Rk o

Except for precast concrete, reinforcenment shall conformto the
requirenents for [21] [__ ] MPa [3,000] [__ ] psi concrete in Section
03 31 00.00 10 CAST-I N PLACE STRUCTURAL CONCRETE. The concrete mixtures
shal |l have air content, by volume of concrete, based on neasurenents nade
i medi ately after discharge fromthe mxer of [5to 7] [3 to 6] percent
when coarse-aggregate maximumsize is 38.1 mr 1-1/2 inches or snaller.
content shall be determi ned in accordance with ASTM C 231. The concrete

Alr
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covering over steel reinforcing shall be not less than 25.4 mm 1 inch thick
for covers and not less than 38.1 mr 1-1/2 inches thick for walls and
flooring. Concrete covering deposited directly against the ground shall be
at least 76.2 mr 3 inches thick between the steel and the ground.
Expansion-joint filler material shall conformto ASTM D 1751 or ASTM D 1752.
Exposed concrete surfaces, such as drainage structures that forma
continuation of concrete curbs and gutters, shall be given a protective
coating of linseed oil as specified in Section 32 16 13 CONCRETE SI DEWALKS
AND CURBS AND GUTTERS

. 4.2 Mort ar

Mortar for pipe joints and connections to other drainage structures shal

be composed of one part by volume of portland cenent and two parts of sand.
The quantity of water in the mxture shall be sufficient to produce a stiff
wor kabl e nortar. Water shall be clean and free of injurious acids,

al kalies, and organic inpurities. The nortar shall be used within 30
mnutes fromthe tinme the ingredients are nixed with water

. 4.3 Manhol es and Appurtenances

.4.3.1 Precast Rei nforced Concrete Manhol e Risers and Tops

Conformto ASTM C 478N ASTM C 478.

.4.3.2 Precast Concrete Segnental Bl ocks

Precast concrete segnental blocks shall conformto ASTM C 139 and shall be
not nore than 203.2 mr 8 inches thick, not |less than 203.2 nmr 8 inches

| ong, and of such shape that the joints can be effectively seal ed and
bonded with cement nortar.

.4.3.3 Precast Concrete Manhol e Bases

| f precast concrete manhol e bases are used, the bases shall conformto
ASTM C 478NASTM C 478 and shall be of such a design as to effect suitable
connection with influent and effluent Iines and to provide a suitable base
structure for riser sections.

.4.3. 4 Brick

Brick shall conformto ASTM C 62, Grade SW or ASTM C 55, Grade S-1 or
S-11. Mrtar for jointing and plastering shall consist of one part
portland cement and two parts fine sand. Line may be added to the nortar
in the amount of not nore than 25 percent by vol une of cenent.

.4.3.5 Prefabricated Corrugated Meta

Steel manhol es and risers shall be fabricated of at least [__ ] gauge
gal vani zed [and bitum nous coated] corrugated netal .

.4.3.6 d ass Fi ber-Rei nforced Pol yester (FRP)
FRP manhol es shall conformto ASTM D 3753.
.4.3.7 Frames and Covers or Gratings

Frames and gratings, or frames and covers, except as otherw se permtted,
shal |l be of either cast iron with tensile strength test not |ess than
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ASTM A 48/ A 48N C ass 25 or steel conforming to ASTM A 27/ A 27, d ass
65-35. Wight, shape, and size shall be as indicated. Franes and covers
not subjected to vehicular traffic or storage may be of malleable iron
where indicated. The malleable-iron frames and covers shall conformto
ASTM A 47/ A 47N and shall be of the weight, shape, and size indicated.

.4.3.8 St eel Ladder

A steel | adder shall be provided where the depth of a manhol e exceeds 3.66 m
12 feet. The ladder will be not |ess than 400 mr 16 inches in width, with
19.1 nmr 3/4 inch dianeter rungs spaced 304.8 nm 12 inches apart. The two

stringers shall be a mininunm 9.5 mr 3/8 inch thick and 50.8 mm 2 inches

wi de. Ladder shall be adequately anchored to the wall by neans of stee
inserts spaced not nore than 1.83 i 6 feet apart vertically, and shall be

so installed as to provide at least 152.4 mr 6 i nches of space between the

wal | and the rungs. Ladders and inserts shall be gal vani zed after

fabrication in conformance with ASTM A 123/ A 123N. The wall along the |ine
of the | adder shall be vertical for its entire |ength.

PART 3 EXECUTI ON

3.

3.

3.

1 EXCAVATI ON AND BEDDI NG FOR SUBDRAI N SYSTEMs

Trenching and excavation, including the renoval of rock and unstable
material, shall be in accordance with Section 31 00 00 EARTHWORK. Beddi ng
material shall be placed in the trench as indicated or as required as

repl acenent materials used in those areas where unstable materials were
renoved. Conpaction of the bedding material shall be as specified for
cohesionl ess material in Section 31 00 00 EARTHWORK

2 MANHOLES AND FLUSHI NG AND OBSERVATI ON RI SERS

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

NOTE: The details indicating size, shape,

mat eri als, thickness of various sections, the finish
required, and anounts or reinforcing, if any, for
inlets, catch basins, walls, headwalls, and manhol es
will be shown in the drawi ngs. Also, the shape,
size, thickness of sections, kind of materials, and
wei ght for franmes, covers, and gratings for inlets,
catch basins, and manhol es, as well as the anount of

wat erway opening for inlet and catch basins will be
indicated in the drawi ngs. The covers and gratings
wi |l be designed to have anple strength for the

traffic conditions to which they may be subject ed.
Fi xed | adders or |adder rungs will be provided for
manhol es 3.66 m (12 feet) or deeper neasured from
top of grate to invert of outlet pipe.

EE R R R kR S I R R R I I O R R R R O S R R R I R I R I O R I R I

2.1 Manhol es

Manhol es shall be installed conplete with frames and covers or gratings at
the locations and within the linmts and sizes indicated. Manholes shall be
constructed of one of the materials specified for nanhol es i n paragraph
DRAI NAGE STRUCTURES. Joints shall be completely filled and shall be snooth
and free of surplus nortar or mastic on the inside of the structure. Brick
manhol es shall be plastered with 12.7 mr 1/2 inch of nortar over the entire
outside surface of the walls. Brick for square or rectangul ar structures
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3.

3.

3

shall be laid in stretcher courses with a header course every sixth

course. Brick for round structures shall be laid radially with every sixth
course laid as a stretcher course. Ladders shall be installed in nmanhol es
as indicated. Base for manhol es shall be either precast or cast-in-place
concrete.

.2.2 Fl ushi ng and Observati on Ri sers

Fl ushi ng and observation riser pipes with frames and covers shall be
installed at the locations indicated. Risers shall be constructed of
precast concrete, vitrified clay, or [gal vani zed] [bitumni nous coat ed]
corrugated netal pipe. Joining of riser pipes to the subdrain system shal
be as indicated.

3 | NSTALLATI ON OF FI LTER FABRI C AND PI PE FOR SUBDRAI NS

EE R R R S I R R R O I R R R R O S R R I R I R R R R R R R

NOTE: CQutlets for subsoil drains and for blind
drains, if possible, within reasonable costs, wll
be designed so that severe rainstornms will neither
subrmerge the drains nor back up water into the
drains. \Were outlets are not subject to backwater
or flooding, the outlets will be provided with
grates or heavy screens to prevent acts of vandalism
or entrance by rodents. |If suitable outlets for
blind or french drains into pervious strata of
gravel or sand with a |ower water table are not

obt ai nabl e, pipe outlets nay be required. The open
joint or perforated pipe will extend into the filter
material of the blind or french drain a sufficient
di stance to provide anple waterway openings for the
particular drain and will extend through the

i npervious material, usually with closed joints, to
a suitable outlet. Qutlets subject to flooding will
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 requirenent will
be clearly specified, giving the various kinds and
sizes of pipe required.

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

3.1 Installation of Filter Fabric

Rk Rk Rk R R IR R R Sk O O e S O R AR Rk R Rk O kO I R IR R I b I Rk I o

NOTE: When filter fabric is not used in the
drai nage system the requirenent for filter fabric
will be deleted fromthis specification.

EE R R R kR S I R R R I I O R R R R O S R R R I R I R I O R I R I

.3.1.1 Overl aps on Perforated or Slotted Pipes

EE R R R S I R I R R I R S R I R R R S R I R I R R R R R S R R R O

NOTE: When the perneability of the backfil
material is sufficient so that only a single-stage

filter is required between the backfill and
perforated pipe, filter fabric may be used for this
single-stage filter. In this case the filter fabric

should wrap the coll ector pipes, and permanent
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devices to secure the fabric to the pipe are not
needed since the fabric will be held in place by the
backfill material once the installation is
conpleted. Filter fabric has been satisfactorily
secured to pipes with tape or string placed at about
300 nm (1 foot) intervals along the overlap. The
free ends of the cloth have been fol ded and stapl ed.
Prefabricated filter fabric sheaths have al so been
used successfully. The seans for such sheaths need
not be sewn with a permanent type of thread. When a
two-stage filter is required, filter fabric may be
used in place of the finer filter naterial

EE R R R I R R I I R R R I I R R R Ok S R R I R I R I O R O

One layer of filter fabric shall be wapped around perforated or slotted
collector pipes in such a manner that |ongitudinal overlaps of fabric are
in unperforated or unslotted quadrants of the pipes. The overlap shall be
at least 50 mr 2 inches. The fabric shall be secured to the pipe in such a
manner that backfill nmaterial will not infiltrate through any fabric

overl aps.

.3.1.2 Installati on on Open-Joi nt Pipe

One layer of filter fabric shall be wapped around open joints. The
overlap should be at least 50 mr 2 inches. The fabric shall be secured to
the pipe in such a manner that backfill material will not infiltrate
through the overlap or the edges of the fabric to either side of the open
joint.

.3.1.3 Trench Lining and Overl aps

Rk Ik Sk kR IR R R I O O e S S R Rk Rk S R Rk Ok kS I O I b R R Rk

NOTE: Overlaps of fabric used to |ine drainage
trenches should be from 150 to 300 nm (6 to 12
inches). The strength properties of nost filter
fabrics conposed of plastic nmaterials are adversely
affected by ultraviolet rays. Consequently, the
fabric should be exposed to sunlight as little as
possi bl e, and preferably shoul d be covered the sane
day as installed. When filter fabric is used to
separate the filter material fromthe soil being
drai ned, the gradation ratios of filter material to
protected soil given in UFC 3-230-06A, do not apply;
however, the filter fabric nust be sized to filter
the protected soil.

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Trenches to be lined with filter fabric shall be graded to obtain snpoth

side and bottom surfaces so that the fabric will not bridge cavities in the
soil or be damaged by projecting rock. The fabric shall be laid flat but
not stretched on the soil, and it shall be secured with anchor pins.

Overl aps shall be at least [ ] mr inches, and anchor pins shall be used

al ong the overl aps.
. 3.2 Installation of Pipe for Subdrains
.3.2.1 Pi pel ayi ng

Each pi pe shall be carefully inspected before it is laid. Any defective or
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damaged pi pe shall be rejected. No pipe shall be laid when the trench
conditions or weather is unsuitable for such work. Water shall be renopved
fromtrenches by sunp punping or other approved nethods. The pipe shall be
laid to the grades and alignnent as indicated. The pipe shall be bedded to
the established gradeline. Perforations shall be centered on the bottom of
the pipe. Pipes of either the bell-and-spigot type or the
tongue- and- groove type shall be laid with the bell or groove ends upstream
Al'l pipes in place shall be approved before backfilling.

3.3.2.2 Joi ntings

a. Nonperforated Concrete and Clay Pipe: Pipe shall be laid with 3.2
to 6.4 mr 1/8 to 1/4 inch opening between the ends of the pipe or as
requi red by spacing lugs constructed in the pipe. Mrtar shall be
placed in the joint at three points and pressed firmy into place to
hold the pipe securely in line. The nortar shall be the full depth of
the bell or groove and approxinmately 25.4 1 inch in width, and shall be
| ocated at the third points around the joint with the top point at the
center of the pipe. The inside of the pipe shall be free of excess
nortar.

b. Perforated Concrete and Clay Pipe: The pipe shall be laid with
closed joints with positive provision for centering each section of the
pipe in the bell or groove of the previously placed section. Plain-end
perforated clay pipe sections shall be securely fastened together wth
spring wire clips furnished by the pipe manufacturer

c. Perforated Corrugated Metal Pipe or Bitum nous Coated, Perforated
Corrugated Metal Pipe: The sections of perforated corrugated netal
pi pe or bitum nous coated, perforated corrugated netal pipe shall be
securely fastened together with standard connecting bands furni shed by
t he manufacturer of the pipe.

d. Drain Tile: Draintile shall be bedded as provided for

bel | - and- spi got or tongue-and-groove types of pipe and laid with open
joints of approximately 3.2 mr 1/8 inch width but not over 6.4 mr 1/4
inch width. Drain tile shall be protected against the entrance of
filter material into the line by the use of filter fabric.

e. Porous Concrete Pipe: Porous concrete pipe shall be installed with
nortar joints.

f. Perforated Asbestos-Cenment Pipe: Couplings shall be of the sleeve
type suitable for holding the pipe firmy in alignnent w thout the use
of sealing compounds or gaskets. Tapered couplings will be acceptable.

g. Bitumi nous Coated or Uncoated Semicircular Steel Pipe: Coupling
bands shall consist of an uncorrugated top and bottom section
fabricated to fit around two adj acent pieces of pipe. Coupling bands
shall be bolted together with four bolts.

h. Bitum nous Coated or Uncoated Corrugated Al um num Pipe: |If
alumnumpipe is to be connected to dissinilar netal, the connection
shal |l be insulated by bitum nous coating or other nonconductive
material. Standard joints between corrugated al um num pi pe shall be
securely fastened with standard connecting bands furnished by the
manuf acturer of the pipe.

i. Acrylonitrile-Butadiene-Styrene (ABS): Solvent cenent or
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3.

el astormeric joints for ABS pipe shall be in accordance with ASTM D 2751.
Di nensi ons and tol erances shall be in accordance with TABLE |1 of
ASTM D 2751.

j. Polyvinyl Chloride (PVC) Pipe: Joints shall be in accordance with
t he requirenents of ASTM D 3034, ASTM D 3212, or ASTM F 949,

k. Perforated Corrugated Pol yet hyl ene Pipe: Perforated corrugated
pol yet hyl ene drai nage pipe shall be installed in accordance with the
manuf acturer's specifications and as specified herein. A pipe with
physi cal inperfections shall not be installed. No nore than 5 percent
stretch in a section will be permtted.

4 | NSTALLATI ON OF AND BACKFI LLI NG FOR BLI ND OR FRENCH DRAI NS
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NOTE: CQutlets for subsoil drains and for blind
drains, if possible, within reasonable costs, wll
be designed so that severe rainstornms will neither
subrmerge the drains nor back up water into the
drains. \Were outlets are not subject to backwater
or flooding, the outlets will be provided with
grates or heavy screens to prevent acts of vandalism
or entrance by rodents. |If suitable outlets for
blind or french drains into pervious strata of
gravel or sand with a | ower water table are not

obt ai nabl e, pipe outlets nay be required. The open
joint or perforated pipe will extend into the filter
material of the blind or french drain a sufficient
di stance to provide anpl e waterway openings for the
particular drain and will extend through the

i npervious material, usually with closed joints, to
a suitable outlet. Qutlets subject to flooding will
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 requirenent will
be clearly specified, giving the various kinds and
sizes of pipe required.
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Filter material shall be placed as indicated and conpacted as specified for
cohesionl ess materials in Section 31 00 00 EARTHWORK. Filter materia

shall extend to a suitable outlet or to an outlet through a pipeline as
indi cated. Overlying backfill material shall be placed and conpacted as
specified in Section 31 00 00 EARTHWORK.

.5 | NSTALLATI ON OF FI LTER MATERI AL AND BACKFI LLI NG FOR SUBDRAI NS

After pipe for subdrains has been |aid, inspected, and approved, filter
materi al shall be placed around and over the pipe to the depth indicated.
The filter material shall be placed in layers not to exceed 200 nmr 8 inches
thick, and each | ayer shall be [saturated by flooding] [thoroughly
conpact ed by nmechani cal tanpers or rammers] to obtain the required

density. Conpaction of filter material and the placenment and conpaction of
overlying backfill material shall be in accordance with the applicable
provi sions specified in Section 31 00 00 EARTHWORK.
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3.6 TESTS

3.6.1 Pi pe Test

Strength tests of pipe shall conformto field service test requirenments of
the Federal Specification, ASTM specification, or AASHTO specification
covering the product (paragraph Pl PE FOR SUBDRAI NS) .

3.6.2 JP-4 Fuel Resistance Test
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NOTE: Delete this paragraph when filter fabric wll
not be exposed to JP-4 fuel
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Fi ve unaged fabric sanples, 97 to 107 mmby 147 to 157 nm 4 (plus or mnus
0.2) by 6 (plus or mnus 0.2) inches shall be imersed in JP-4 fuel at room

tenmperature for a period of 7 days. FEach sanple then shall be tested for
tensile strength and el ongation in accordance with ASTM D 5034. The
strength of the fabric in any direction shall be no |l ess than 85 percent of

the strength specified in paragraph FILTER FABRI C

-- End of Section --
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