
**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA                   UFGS- 33 46 13 ( Apr i l  2008)
                                                - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE                      Super sedi ng
                                                UFGS- 33 46 13 ( Jul y 2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Oct ober  2019
**************************************************************************

SECTION TABLE OF CONTENTS

DIVISION 33 - UTILITIES

SECTION 33 46 13

FOUNDATION DRAINAGE SYSTEM

04/08

PART 1   GENERAL

  1.1   REFERENCES
  1.2   SYSTEM DESCRIPTION
    1.2.1   Extent
    1.2.2   Outlet Connections
    1.2.3   Drainage Lines
    1.2.4   Outlet Lines
  1.3   SUBMITTALS
  1.4   DELIVERY, STORAGE, AND HANDLING

PART 2   PRODUCTS

  2.1   MATERIALS
    2.1.1   Clay Pipe
    2.1.2   Perforated Clay Pipe
    2.1.3   Concrete Pipe
    2.1.4   Perforated Concrete Pipe
    2.1.5   Porous Concrete Pipe
    2.1.6   Clay Drain Tile
    2.1.7   Perforated Clay Drain Tile
    2.1.8   Concrete Drain Tile
    2.1.9   Cast-Iron Soil Pipe
    2.1.10   Perforated Corrugated Steel Pipe
    2.1.11   Perforated Corrugated Aluminum Alloy Pipe
    2.1.12   Perforated Asbestos-Cement Underdrain Pipe
    2.1.13   Plastic Pipe
      2.1.13.1   Corrugated Polyethylene (PE) Drainage Pipe
      2.1.13.2   Acrylonitrile-Butadiene-Styrene (ABS) Pipe
      2.1.13.3   Polyvinyl Chloride (PVC) Pipe
      2.1.13.4   Circular Perforations in Plastic Pipe
      2.1.13.5   Slotted Perforations in Plastic Pipe
    2.1.14   Fittings
    2.1.15   Cleanouts and Piping Through Walls
    2.1.16   Cover and Wrapping Materials for Open Joints in Drain Tile
    2.1.17   Bedding and Pervious Backfill for Foundation Drains

SECTION 33 46 13  Page 1



    2.1.18   Protective Covering for Pervious Backfill

PART 3   EXECUTION

  3.1   INSTALLATION
    3.1.1   Trenching and Excavation
    3.1.2   Bedding
    3.1.3   Pipe Laying
    3.1.4   Jointing
      3.1.4.1   Perforated and Porous Pipes
      3.1.4.2   Nonperforated Drain Tile
      3.1.4.3   Perforated Corrugated Metal Pipe
      3.1.4.4   Joints of Concrete or Clay Sewer Pipe
      3.1.4.5   Joints of Cast-Iron Pipe
      3.1.4.6   Perforated Asbestos-Cement Pipe Joints
      3.1.4.7   Plain-End Perforated Clay
      3.1.4.8   ABS Pipe
      3.1.4.9   PVC Pipe
      3.1.4.10   Corrugated Polyethylene
    3.1.5   Outlet Lines
    3.1.6   Cleanouts
  3.2   Backfilling

-- End of Section Table of Contents --

SECTION 33 46 13  Page 2



**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA                   UFGS- 33 46 13 ( Apr i l  2008)
                                                - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE                      Super sedi ng
                                                UFGS- 33 46 13 ( Jul y 2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Oct ober  2019
**************************************************************************

SECTION 33 46 13

FOUNDATION DRAINAGE SYSTEM
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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  f oundat i on dr ai nage syst em usi ng 
cl ay,  concr et e,  cast  i r on,  cor r ugat ed st eel ,  
cor r ugat ed al umi num,  and pl ast i c pi pe.

Adher e t o UFC 1-300-02  Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Criteria Change Request (CCR) .

**************************************************************************

PART 1   GENERAL

**************************************************************************
NOTE:   The f ol l owi ng i nf or mat i on shoul d be shown on 
t he dr awi ngs:

Locat i on,  ext ent ,  t ype,  and si zes of  f oundat i on 
dr ai nage syst em,  i ncl udi ng desi gnat i ons of  dr ai nage 
l i nes and out l et  l i nes.

Locat i ons and i nver t  el evat i ons of  c l eanout s and 
dr ai nage st r uct ur es.

Cr oss sect i on of  syst em showi ng beddi ng and backf i l l  
wi t h pr ot ect i ve cover i ng.

Joi nt i ng det ai l s.
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Cl eanout  det ai l s.

Connect i ons bet ween f oundat i on dr ai nage and r el at ed 
st or m dr ai nage syst ems.

Out l et  det ai l s.
**************************************************************************

1.1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out si de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y 
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y 
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publications listed below form a part of this specification to the 
extent referenced.  The publications are referred to within the text by 
the basic designation only.

AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS 
(AASHTO)

AASHTO M 252 (2009; R 2017) Standard Specification for 
Corrugated Polyethylene Drainage Pipe

AASHTO M 294 (2017) Standard Specification for 
Corrugated Polyethylene Pipe, 300- to 
1500-mm (12- to 60-in.) Diameter

ASTM INTERNATIONAL (ASTM)

ASTM A74 (2017) Standard Specification for Cast 
Iron Soil Pipe and Fittings

ASTM A760/A760M (2015) Standard Specification for 
Corrugated Steel Pipe, Metallic-Coated for 
Sewers and Drains

ASTM B745/B745M (2015) Standard Specification for 
Corrugated Aluminum Pipe for Sewers and 
Drains
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ASTM C4 (2004; R 2014) Standard Specification for 
Clay Drain Tile and Perforated Clay Drain 
Tile

ASTM C14 (2015) Standard Specification for Concrete 
Sewer, Storm Drain, and Culvert Pipe

ASTM C14M (2014) Standard Specification for Concrete 
Sewer, Storm Drain, and Culvert Pipe 
(Metric)

ASTM C33/C33M (2018) Standard Specification for Concrete 
Aggregates

ASTM C412 (2011) Concrete Drain Tile

ASTM C412M (2011) Concrete Drain Tile (Metric)

ASTM C425 (2004; R 2013) Standard Specification for 
Compression Joints for Vitrified Clay Pipe 
and Fittings

ASTM C444 (2017) Standard Specification for 
Perforated Concrete Pipe

ASTM C444M (2017) Standard Specification for 
Perforated Concrete Pipe (Metric)

ASTM C508/C508M (2000; R 2015) Asbestos-Cement Underdrain 
Pipe

ASTM C654 (2011) Porous Concrete Pipe

ASTM C654M (2011) Porous Concrete Pipe (Metric)

ASTM C700 (2013) Standard Specification for 
Vitrified Clay Pipe, Extra Strength, 
Standard Strength, and Perforated

ASTM D2751 (2005) Standard Specification for 
Acrylonitrile-Butadiene-Styrene (ABS) 
Sewer Pipe and Fittings

ASTM D3034 (2016) Standard Specification for Type PSM 
Poly(Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings

ASTM D3212 (2007; R 2013) Standard Specification for 
Joints for Drain and Sewer Plastic Pipes 
Using Flexible Elastomeric Seals

ASTM F667/F667M (2016) Standard Specification for 3 
through 24 in. Corrugated Polyethylene 
Pipe and Fittings

ASTM F758 (2014) Smooth-Wall Poly(Vinyl Chloride) 
(PVC) Plastic Underdrain Systems for 
Highway, Airport, and Similar Drainage
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ASTM F949 (2015; R 2019) Standard Specification for 
Poly(Vinyl Chloride) (PVC) Corrugated 
Sewer Pipe with a Smooth Interior and 
Fittings

1.2   SYSTEM DESCRIPTION

1.2.1   Extent

Furnish and install foundation drainage as a complete system [to  1.5 m  5 
feet  beyond the building] [as shown].

1.2.2   Outlet Connections

Foundation pipe shall be [connected to the storm drainage system as shown 
and specified in Section 33 40 00  STORM DRAINAGE] [terminated as shown].

1.2.3   Drainage Lines

Construct drainage lines of drain tile, perforated pipe, or porous pipe.

1.2.4   Outlet Lines

Construct outlet lines of closed-joint nonperforated, nonporous pipe.

1.3   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y or  cr i t i cal i t y,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i ct  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i ct  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
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SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Government approval is required for submittals with a "G" designation; 
submittals not having a "G" designation are for [Contractor Quality 
Control approval.][information only.  When used, a designation following 
the "G" designation identifies the office that will review the submittal 
for the Government.]  Submittals with an "S" are for inclusion in the 
Sustainability eNotebook, in conformance to Section 01 33 29  
SUSTAINABILITY REPORTING.  Submit the following in accordance with Section 
01 33 00  SUBMITTAL PROCEDURES:

SD-04 Samples

Materials .

SD-07 Certificates

Materials .

1.4   DELIVERY, STORAGE, AND HANDLING

Protect materials placed in storage from the weather, humidity and 
temperature variations, dirt and dust, or other contaminants.  Do not 
expose plastic pipe to direct sunlight for more than 6 months from time of 
manufacturer to installation.

PART 2   PRODUCTS

2.1   MATERIALS

**************************************************************************
NOTE:   Sel ect  mat er i al s f or  cont r act  r equi r ement s.   
Cor r el at e mat er i al  wi t h ot her  sect i ons.   When desi gn 
r equi r es pi pe t o be of  a par t i cul ar  qual i t y,  
st r engt h,  or  bi t umi nous coat ed,  accept abl e opt i ons 
shoul d be r et ai ned and speci f i cat i on r equi r ement s 
modi f i ed accor di ngl y.   Thi ckness of  met al  pi pe wi l l  
be shown on t he dr awi ngs.   Dr ai n t i l e shoul d not  be 
used f or  dr ai ns cr ossi ng or  adj acent  t o paved 
ar eas.   Speci al - qual i t y concr et e dr ai n t i l e shoul d 
be speci f i ed f or  t i l e l ai d i n soi l s t hat  ar e aci di c 
or  cont ai n unusual  quant i t i es of  sul f at es;  por ous 
concr et e pi pe and per f or at ed cor r ugat ed al umi num 
al l oy pi pe wi l l  not  be used.   Wher e r equi r ed by soi l  
or  wat er  condi t i ons,  per f or at ed asbest os- cement  
pi pes shoul d be speci f i ed by t ypes.

**************************************************************************

Pipe for foundation drainage system shall be of the type and size 
indicated.  Use appropriate transitions, adapters, or joint details where 
pipes of different types or materials are connected.  Submit two randomly 
selected samples of each type of pipe and fitting, prior to delivery of 
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materials to the site, and certifications from the manufacturers attesting 
that materials meet specification requirements.

2.1.1   Clay Pipe

ASTM C700, standard or extra strength.

2.1.2   Perforated Clay Pipe

ASTM C700, standard or extra strength.

2.1.3   Concrete Pipe

Conform to ASTM C14MASTM C14, Class [1][2][3].

2.1.4   Perforated Concrete Pipe

Conform to ASTM C14MASTM C14, Class [1][2][3] with perforations conforming 
to ASTM C444MASTM C444, Type [I][II].

2.1.5   Porous Concrete Pipe

Conform to ASTM C654MASTM C654, standard or extra strength class.

2.1.6   Clay Drain Tile

ASTM C4, [standard][extra-quality][heavy-duty] class.

2.1.7   Perforated Clay Drain Tile

ASTM C4, [standard][extra-quality][heavy-duty] class.

2.1.8   Concrete Drain Tile

Conform to ASTM C412MASTM C412, 
[standard-][special-][extra-][heavy-duty-extra-]quality.

2.1.9   Cast-Iron Soil Pipe

ASTM A74, [extra-heavy][service].

2.1.10   Perforated Corrugated Steel Pipe

ASTM A760/A760M , Type III.

2.1.11   Perforated Corrugated Aluminum Alloy Pipe

ASTM B745/B745M  Type III, Class [I] [II].

2.1.12   Perforated Asbestos-Cement Underdrain Pipe

ASTM C508/C508M.

2.1.13   Plastic Pipe

Plastic pipe shall contain ultraviolet inhibitor to provide protection 
from exposure to direct sunlight.
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2.1.13.1   Corrugated Polyethylene (PE) Drainage Pipe

**************************************************************************
NOTE:   AASHTO M 252 and AASHTO M 294 bot h pr ovi de 
f or  st i f f er  pi pe t han t he equi val ent  ASTM 
st andar ds.   When pi pe st r engt h i s a cr i t i cal  
concer n,  use t he AASHTO st andar d.

**************************************************************************

Furnish ASTM F667/F667M  heavy duty for pipe  80 to 150 mm  3 to 6  inches in 
diameter inclusive, ASTM F667/F667M  for pipe  200 to 600 mm  8 to 24 inches  
in diameter; or AASHTO M 252 for pipe  80 to 250 mm  3 to 10 inches  in 
diameter or AASHTO M 294 for pipe  300 to 600 mm  12 to 24 inches  in 
diameter.  Fittings shall be pipe manufacturer's standard type and shall 
conform to the indicated specification.

2.1.13.2   Acrylonitrile-Butadiene-Styrene (ABS) Pipe

ASTM D2751, with a maximum SDR of 35.

2.1.13.3   Polyvinyl Chloride (PVC) Pipe

ASTM F758, Type PS 46, ASTM D3034, or ASTM F949 with a minimum pipe 
stiffness of  317 kPa 46 psi .

2.1.13.4   Circular Perforations in Plastic Pipe

**************************************************************************
NOTE:   Per f or at i on and sl ot  s i z i ng i s based on 
embedment  gr adat i on,  f l ow r equi r ement s,  and 
st r uct ur al  consi der at i ons.   The embedment  mat er i al  
gr adat i on i s i n t ur n based on t he gr adat i on of  t he 
sur r oundi ng soi l .   To mi ni mi ze t he mi gr at i on of  
f i nes i nt o t he coar ser  mat er i al ,  whi l e mai nt ai ni ng 
adequat e per meabi l i t y ,  t he f ol l owi ng cr i t er i a shoul d 
be met :

a.   Al l  soi l s except  c l ays wi t hout  a sand or  s i l t  
f r act i on must  meet  t he f ol l owi ng r equi r ement s:

( 15 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al ) / ( 85 
per cent  s i ze of  mat er i al  t o be dr ai ned)  l ess t han or  
equal  t o 5

( 50 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al ) / ( 50 
per cent  s i ze of  mat er i al  t o be dr ai ned)  l ess t han or  
equal  t o 25

b.   Cl ays wi t hout  a sand or  s i l t  f r act i on must  meet  
t he f ol l owi ng r equi r ement s:

( 15 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al ) / ( 85 
per cent  s i ze of  mat er i al  t o be dr ai ned)  l ess t han or  
equal  t o 5

15 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al  l ess 
t han or  equal  t o 0. 4 mm

c.   Al l  soi l s,  i n addi t i on t o t he pr evi ous 
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r equi r ement s,  must  meet  t he f ol l owi ng r equi r ement s:

( 15 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al ) / ( 15 
per cent  s i ze of  mat er i al  t o be dr ai ned)  l ess t han or  
equal  t o 5

( 85 per cent  s i ze of  dr ai nage or  f i l t er  
mat er i al ) / ( s l ot  wi dt h)  gr eat er  t han or  equal  t o 1. 2 
mm

( 85 per cent  s i ze of  dr ai nage or  f i l t er  
mat er i al ) / ( hol e di amet er )  gr eat er  t han or  equal  t o 
1.0

**************************************************************************

Circular holes shall be cleanly cut, not more than  8 mm  5/16 inch  or less 
than  5 mm  3/16 inch  in diameter, and arranged in rows parallel to the 
longitudinal axis of the pipe.  Perforations shall be approximately  75 mm  
3 inches  apart, center-to-center, along rows.  The rows shall be 
approximately  38 mm  1-1/2 inches  apart and arranged in a staggered pattern 
so that all perforations lie at the midpoint between perforations in 
adjacent rows.  The rows shall be spaced over not more than 155 degrees of 
circumference.  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.  
Manufacturer's standard perforated pipe which essentially meets these 
requirements may be used with prior approval of the Contracting Officer.

2.1.13.5   Slotted Perforations in Plastic Pipe

Circumferential slots shall be cleanly cut so as not to restrict the 
inflow of water and uniformly spaced along the length and circumference of 
the tubing.  Width of slots shall not exceed  3 mm  1/8 inch  or be less than  
0.79 mm  1/32 inch .  The length of individual slots shall not exceed  32 mm  
1-1/4 inches  on  75 mm  3 inch  diameter tubing; 10 percent of the tubing 
inside nominal circumference on  100 to 200 mm  4 to 8 inch  diameter tubing; 
and  65 mm  2-1/2 inches  on  250 mm  10 inch  diameter tubing.  Rows of slots 
shall be symmetrically spaced so that they are fully contained in 
quadrants of the pipe.  Slots shall be centered in the valleys of the 
corrugations of profile wall pipe.  The water inlet area shall be a 
minimum of  1058 square mm/linear meter  0.5 square inch/linear foot  of 
tubing.  Manufacturer's standard perforated pipe which essentially meets 
these requirements may be used with prior approval of the Contracting 
Officer.

2.1.14   Fittings

Fittings shall be of compatible materials for pipe, of corresponding 
weight and quality, and as specified herein.

2.1.15   Cleanouts and Piping Through Walls

Cleanout pipe and fittings and piping through walls and footings shall be 
cast-iron soil pipe.  Each cleanout shall have a brass ferrule and a 
cast-brass screw-jointed plug with socket or raised head for wrench.

2.1.16   Cover and Wrapping Materials for Open Joints in Drain Tile

Cover material may be tar paper, roofing paper, reinforced building paper, 

SECTION 33 46 13  Page 10



glass fiber fabric, or other similar type material.  Wrapping material 
shall be 18-14 mesh, 0.25 mm  0.01 inch  diameter nonferrous wire cloth.

2.1.17   Bedding and Pervious Backfill for Foundation Drains

Bedding and pervious backfill shall be [in accordance with Section 31 00 00
 EARTHWORK] [coarse aggregate conforming to ASTM C33/C33M, size number  
[2.36] [4.75] mm  [8] [4] inch ] [_____].

2.1.18   Protective Covering for Pervious Backfill

Protective covering shall be [building paper] [fiberglass mat of lime 
borosilicate glass fibers.  Fibers shall be 8 to 12 microns in average 
diameter, 50 to 102 mm  2 to 4 inches  in length, and bonded with phenol 
formaldehyde resin.  Mat shall be roll type, nonperforated, water 
permeable, with thickness between  6 and 13 mm  1/4 and 1/2 inch  and density 
of  12 Kg/cubic meter  3/4 pcf ] [filter fabric conforming to Section 33 46 16
 SUBDRAINAGE SYSTEM].

PART 3   EXECUTION

3.1   INSTALLATION

3.1.1   Trenching and Excavation

Perform required trenching and excavation in accordance with Section 
31 00 00  EARTHWORK.  Keep trenches dry during installation of drainage 
system.  Changes in direction of drain lines shall be made with 1/8 
bends.  Use wye fittings at intersections.

3.1.2   Bedding

Place graded bedding, minimum  150 mm  6 inches  in depth, in the bottom of 
trench for its full width and length compacted as specified prior to 
laying of foundation drain pipe.  Each section shall rest firmly upon the 
bedding, through the entire length, with recesses formed for bell joints.  
Except for recesses for bell joints, the bedding shall fully support the 
lower quadrant of the pipe.

3.1.3   Pipe Laying

Lay drain lines to true grades and alignment with a continuous fall in the 
direction of flow.  Bells of pipe sections shall face upgrade.  Clean 
interior of pipe thoroughly before being laid.  When drain lines are left 
open for connection to discharge lines, the open ends shall be temporarily 
closed and the location marked with wooden stakes.  Perforated pipe shall 
be laid with perforations facing down.  Any length that has had its grade 
or joints disturbed shall be removed and relaid at no additional cost to 
the Government.  Perforated corrugated polyethylene drainage tubing and 
plastic piping shall be installed in accordance with manufacturer's 
specifications and as specified herein.  Tubing and piping with physical 
imperfections shall not be installed.

3.1.4   Jointing

3.1.4.1   Perforated and Porous Pipes

Perforated and porous types of drain pipes shall be laid with closed 
joints.
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3.1.4.2   Nonperforated Drain Tile

Nonperforated and plain-end drain tile shall be laid with  3 to 6 mm  1/8 to 
1/4 inch  open joints.  Open joints shall be covered or wrapped.  Covered 
joints shall have one thickness of the cover material placed over the 
joint.  Material shall overlap the joint not less than  100 mm  4 inches  on 
each side and cover the tile for not less than the upper half or more than 
the upper two-thirds of the circumference of the tile.  Strips of wire 
cloth wrapping material  75 mm 3 inches  wide shall be used for wrapped 
joints, with ends fastened together.

3.1.4.3   Perforated Corrugated Metal Pipe

Perforated corrugated metal pipe sections shall be joined with standard 
connecting bands and bolts furnished by the pipe manufacturer.

3.1.4.4   Joints of Concrete or Clay Sewer Pipe

Joints of concrete or clay sewer pipe shall be caulked with oakum and 
filled solid with cement mortar except where compression joints conforming 
to ASTM C425 are used on vitrified clay pipe.

3.1.4.5   Joints of Cast-Iron Pipe

Joints of cast-iron pipe or connections between cast-iron and porous 
concrete pipes shall be caulked with oakum gasket and filled with lead.

3.1.4.6   Perforated Asbestos-Cement Pipe Joints

Perforated asbestos-cement pipe joints shall be made with tapered 
couplings or with sleeve-type couplings suitable for holding the pipe 
firmly in alignment without use of sealing compound or gaskets.

3.1.4.7   Plain-End Perforated Clay

Plain-end perforated clay drain tile joints shall be made with spring-wire 
clips, coated with a rust preventive, that will maintain a taut but 
elastic joint between sections when laid.

3.1.4.8   ABS Pipe

ABS pipe shall be joined using solvent cement or elastomeric joints and 
shall be in accordance with ASTM D2751, with dimensions and tolerances in 
accordance with TABLE II therein.

3.1.4.9   PVC Pipe

PVC pipe joints shall be in accordance with ASTM D3034, ASTM D3212, or 
ASTM F949.

3.1.4.10   Corrugated Polyethylene

Corrugated polyethylene (PE) pipe joints shall be in accordance with 
ASTM F667/F667M  or ASTM F667/F667M .

3.1.5   Outlet Lines

The outlet end of drain lines connecting with an open gutter or outfall 
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shall be [covered with a removable wire basket of 16-mesh copper or bronze 
wire cloth fastened with brass or wire straps] [finished as shown].

3.1.6   Cleanouts

Provide cleanouts in locations indicated.  Cleanouts in unpaved areas 
shall be set in  305 by 305 by 102 mm  12 by 12 by 4 inch  concrete blocks.

3.2   Backfilling

After joints and connections have been inspected and approved, place the 
specified pervious backfill material [a minimum width of  150 mm  6 inches  
on each side of the pipe or tile] [for the full width of the trench and 
full width between pipe and adjacent walls] and  300 mm  12 inches  above the 
top of the pipe.  Place the backfill preventing displacement of or injury 
to the pipe or tile.  Place a protective covering, as specified, over the 
pervious backfill for the full width of the trench before regular backfill 
is placed.  Compact backfill as specified in Section 31 00 00  EARTHWORK.

        -- End of Section --
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