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NOTE: This gui de specification covers the

requi renents for storm drai nage piping systens using
concrete, clay, steel, ductile iron, alum num

pol yvi nyl chloride (PVC), and pol yethyl ene (PE) pi pe.

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.

Conment 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 subnitted as
a Citeria Change Request (CCR)
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PART 1 GENERAL
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NOTE: On the project draw ng, show

1. Plan and location of all new pipelines,
i ncluding type of service and size of pipe.

2. Location, size, and type of service of existing
connecting, intersecting, or adjacent pipelines and
other utilities.

3. Paved areas and railroads which pass over new
pi pel i nes.

4. Profile, where necessary to show unusua
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condi ti ons.

5. Invert elevations at beginning and end of
pi pel i nes and at manhol es or sinilar structures.

6. Cass or strength of pipe and linits for sane
where class or strength will be different for

di fferent sections of pipeline. Provide shape
requirenents if different shapes avail abl e.

7. Design details for pertinent nanhol es, catch
basins, curb inlets, and head walls.

8. Store drainage lines and culverts required to be
wat ertight.

9. Bedding conditions, where different fromthose
specified in the appropriate NAVFAC specifications
and | ocation of cradle(s), when cradle is required
if not covered under the appropriate NAVFACENGCOM
speci fications.
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1.1 VEASUREMENT AND PAYMENT
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NOTE: Delete this paragraph when the work specified
is included in a |unp-sumcontract price.

Separate bid nmay be required for each itemfor the
construction of the various sizes of pipe culverts
and stormdrains and individual m scellaneous

drai nage structures, including all excavation
materials, backfilling, etc., for the conpleted work.

If separate bid itens are used for the excavation
this fact should be clearly stated in the
specifications and bid form indicating that payment
is to be made separately for earth excavation, rock
excavation, borrow excavation, or other itens that
ot herwi se m ght be construed as the basis for a
claimby the Contractor. Unit prices for rock
excavation shoul d be independent of, and not in
addition to, the unit bid price for conmon
excavation, unless so specified and so stated in the
bid form

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

1.1.1 Pi pe Cul verts and Storm Drains

The I ength of pipe installed will be measured along the centerlines of the
pipe fromend to end of pipe wthout deductions for dianmeter of manhol es.
Pipe will be paid for at the contract unit price for the nunber of |inear
neters feet of culverts or stormdrains placed in the accepted work.

1.1.2 St orm Dr ai nage Structures

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: Fill brackets with depth requirenents.
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The quantity of manholes and inlets will be nmeasured as the total number of
manhol es and inlets of the various types of construction, conplete with
franes and gratings or covers and, where indicated, with fixed side-rai

| adders, constructed to the depth of [ ] meters feet in the accepted
work. The depth of manholes and inlets will be neasured fromthe top of
grating or cover to invert of outlet pipe. Mnholes and inlets constructed
to depths greater than the depth specified above will be paid for as units
at the contract unit price for manholes and inlets, plus an additiona
anmount per linear neter foot for the neasured depth beyond a depth of
[ ] nmeters feet.

1.1.3 Val | s and Headwal | s

Wal|s and headwal I's will be nmeasured by the nunber of cubic neters yards of
rei nforced concrete, plain concrete, or masonry used in the construction of
the walls and headwal|s. Wall and headwalls will be paid for at the
contract unit price for the nunber of walls and headwal | s constructed in
the conpl et ed work.

1.1.4 Fl ared End Secti ons

Flared end sections will be neasured by the unit. Flared end sections will
be paid for at the contract unit price for the various sizes in the
accept ed worKk.

1.1.5 Sheeti ng and Bracing

Payment will be made for that sheeting and bracing ordered to be left in
pl ace, based on the nunber of square neters feet of sheeting and bracing
remai ni ng bel ow the surface of the ground.

1.1.6 Rock Excavati on

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

NOTE: Reference should be nmade to other sections of
the project specifications, as applicable, or
pertinent requirements may be included in this
section.

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

Payment will be nmade for the nunber of cubic neters yards of materia

accept ably excavated, as specified and defined as rock excavation in
Section 31 00 00 EARTHWORK, neasured in the original position, and conputed
by all owi ng actual wi dth of rock excavation with the follow ng

[imtations: nmaxi mumrock excavation width, 750 mr 30 i nches for pipe of
300 mr 12 inch or |ess noninal dianeter; maxi mumrock excavati on w dth, 400
nr 16 i nches greater than outside diameter of pipe of nore than 300 mr 12

i nch nom nal dianmeter. Measurenent will include authorized overdepth
excavation. Paynment will also include all necessary drilling and bl asting,
and all incidentals necessary for satisfactory excavati on and di sposal of

aut hori zed rock excavation. No separate paynent will be nmade for backfil
material required to replace rock excavation; this cost shall be included

in the Contractor's unit price bid per cubic neter yard for rock

excavation. |In rock excavation for manhol es and ot her appurtenances, 300 nm
1 foot will be allowed outside the wall lines of the structures.
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1.7 Backfill Replacing Unstable Materia

Payment will be made for the nunber of cubic nmeters yards of select
granular material required to replace unstable material for foundations
under pipes or drainage structures, which will constitute full conpensation
for this backfill material, including renpval and di sposal of unstable
material and all excavating, hauling, placing, conpacting, and al
incidental s necessary to conplete the construction of the foundation
satisfactorily.

.1.8 Pi pe Pl aced by Jacki ng

Paynment will be made for the nunber of linear neters feet of jacked pipe
accepted in the conpl eted work nmeasured along the centerline of the pipe in
pl ace.

.2 REFERENCES

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

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 RID outside of the Section's

Ref erence Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
the i ssue 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.
ER R IR I I 2 R R R R R I I I R R R R I I R R R R I I R R R R I I I R R R I I I R O I I I R R R R I I I I

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.

ACl | NTERNATI ONAL (ACl)

ACl 346 (2009) Specification for Cast-in-Place
Concrete Pipe

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

( AASHTO)
AASHTO HB- 17 (2002; Errata 2003; Errata 2005) Standard
Speci fications for H ghway Bridges
AASHTO M 167M M 167 (2009) Standard Specification for

Corrugated Steel Structural Plate,
Zinc-Coated, for Field-Bolted Pipe,
Pi pe- Arches and Arches
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AASHTO M 190

AASHTO M 198

AASHTO M 219

AASHTO M 243

AASHTO M 294

(2004) Standard Specification for
Bi t um nous Coated Corrugated Metal Cul vert
Pi pe and Pi pe Arches

(2008) Standard Specification for Joints
for Concrete Pipe, Manhol es and Precast
Box Sections Using Preformed Flexible
Joint Seal ants

(1992; R 2004) Standard Specification for
Corrugated Al um num Al loy Structural Plate
for Field-Bolted Pipe, Pipe-Arches, and
Arches

(1996; R 2004) Standard Specification for
Fi el d- Appl i ed Coating of Corrugated Metal
Structural Plate for Pipe, Pipe-Arches,
and Arches

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

AMERI CAN RAI LWAY ENG NEERI NG AND MAI NTENANCE- OF- WAY ASSOCI ATI ON

( AREMA)

AREVMA Eng Man

(2009) Manual for Railway Engineering

ASTM | NTERNATI ONAL (ASTM

ASTM A 123/ A 123M

ASTM A 48/ A 48M

ASTM A 536

ASTM A 716

ASTM A 74

ASTM A 742/ A 742M

ASTM A 760/ A 760M

ASTM A 762/ A 762M

ASTM A 798/ A 798M

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

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

(1984; R 2009) Standard Specification for
Ductile Iron Castings

(2008) Standard Specification for Ductile
Iron Culvert Pipe

(2009) Standard Specification for Cast
Iron Soil Pipe and Fittings

(2003; R 2008) Standard Specification for
Steel Sheet, Metallic Coated and Pol yner
Precoated for Corrugated Steel Pipe

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

(2008) Standard Specification for

Corrugated Steel Pipe, Polymer Precoated
for Sewers and Drains

(2007) Standard Practice for Installing
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ASTM A

ASTM A

ASTM A

ASTM B

ASTM B

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

807/ A 807M

849

929/ A 929M

26/ B 26M

745/ B 745M

1103

1103M

12

139

14

1433

1433M

14M

231

270

Fact ory- Made Corrugated Steel Pipe for
Sewers and Ot her Applications

(2002; R 2008) Standard Practice for
Installing Corrugated Steel Structural
Pl ate Pipe for Sewers and O her

Appl i cations

(2000; R 2005) Standard Specification for
Post - Appl i ed Coati ngs, Pavings, and

Li nings for Corrugated Steel Sewer and

Dr ai nage Pi pe

(2001; R 2007) Standard Specification for
Steel Sheet, Metallic-Coated by the
Hot-Di p Process for Corrugated Steel Pipe

(2009) Standard Specification for
Al um num Al l oy Sand Casti ngs

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

(2003; R 2009) Standard Practice for Joint
Acceptance Testing of Installed Precast
Concrete Pipe Sewer Lines

(2003; R 2009) Standard Practice for Joint
Acceptance Testing of Installed Precast
Concrete Pipe Sewer Lines (Metric)

(2009) Standard Practice for Installing
Vitrified day Pipe Lines

(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

(2008) Standard Specification for Precast
Rei nforced Concrete Box Sections for
Cul verts, Storm Drains, and Sewers

(2009) Standard Specification for Precast
Rei nf orced Concrete Box Sections for
Culverts, Storm Drains, and Sewers (Metric)

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

(2009a) Standard Test Method for Air
Content of Freshly Mxed Concrete by the
Pressure Met hod

(2008a) Standard Specification for Mrtar
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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 C

ASTM C

32

425

443

443M

444

444M

478

478M

506

506M

507

507M

55

564

62

655

700

for Unit Masonry

(2009) Standard Specification for Sewer
and Manhol e Brick (Made from d ay or Shal e)

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

(2005ael) Standard Specification for
Joints for Concrete Pipe and Manhol es,
Usi ng Rubber Gaskets

(2007) Standard Specification for Joints
for Concrete Pipe and Manhol es, Using
Rubber Gaskets (Metric)

(2003; R 2009) Perforated Concrete Pipe

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

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

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

(2009) Standard Specification for
Rei nforced Concrete Arch Culvert, Storm
Drain, and Sewer Pipe

(2009) Standard Specification for
Rei nforced Concrete Arch Culvert, Storm
Drain, and Sewer Pipe (Metric)

(2009) Standard Specification for
Rei nforced Concrete Elliptical Culvert,
Storm Drain, and Sewer Pipe

(2009) Standard Specification for
Rei nforced Concrete Elliptical Culvert,
Storm Drain, and Sewer Pipe (Metric)

(2009) Concrete Brick

(2009) Standard Specification for Rubber
Gaskets for Cast Iron Soil Pipe and
Fittings

(2008) Building Brick (Solid Masonry Units
Made from d ay or Shal e)

(2009) Reinforced Concrete D-Load Cul vert,
Storm Drain, and Sewer Pipe

(2009) Standard Specification for
Vitrified day Pipe, Extra Strength,
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ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

76

76M

828

877

877M

923

923M

924

924M

1056

1171

1557

1751

1752

Standard Strength, and Perforated

(2008a) Standard Specification for
Rei nforced Concrete Culvert, StormDrain
and Sewer Pipe

(2008a) Standard Specification for
Rei nforced Concrete Cul vert, Storm Drain,
and Sewer Pipe (Metric)

(2006) Low Pressure Air Test of Vitrified
C ay Pipe Lines

(2008) External Sealing Bands for Concrete
Pi pe, Manhol es, and Precast Box Sections

(2002; R 2009) External Sealing Bands for
Concrete Pipe, Manhol es, and Precast Box
Sections (Metric)

(2008) Standard Specification for
Resi |l i ent Connectors Between Reinforced
Concrete Manhol e Structures, Pipes and
Lateral s

(2008b) Standard Specification for
Resi |l i ent Connectors Between Reinforced
Concrete Manhol e Structures, Pipes and
Laterals (Metric)

(2002; R 2009) Testing Concrete Pipe Sewer
Li nes by Low Pressure Air Test Method

(2002; R 2009) Testing Concrete Pipe Sewer
Li ner by Low Pressure Air Test Method
(Metric)

(2007) Standard Specification for Flexible
Cellular Materials - Sponge or Expanded
Rubber

(1999; R 2007) Rubber Deterioration -
Surface Ozone Cracki ng Qutdoors or Chanber
(Triangul ar Speci nmens)

(2009) Standard Test Methods for

Laborat ory Conpaction Characteristics of
Soil Using Mdified Effort (56,000
ft-1bf/ft3) (2700 kN n nB)

(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
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ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

1784

2167

2321

2729

3034

3212

3350

6938

1417

477

679

714

794

894

949

(2008) Standard Specification for Rigid
Pol y(Vi nyl Chloride) (PVC) Conpounds and
Chl ori nated Pol y(Vinyl Chloride) (CPVQO
Conpounds

(2008) Density and Unit Wight of Soil in
Pl ace by the Rubber Ball oon Method

(2008) Standard Practice for Underground
Installation of Thernoplastic Pipe for
Sewers and Ot her Gravity-Fl ow Applications

(2003) Poly(Vinyl Chloride) (PVC) Sewer
Pipe and Fittings

(2008) Standard Specification for Type PSM
Pol y(Vi nyl Chloride) (PVC) Sewer Pipe and
Fittings

(2007) Standard Specification for Joints
for Drain and Sewer Plastic Pipes Using
Fl exi bl e El astoneric Seal s

(2008) Pol yet hyl ene Pl astics Pipe and
Fittings Materials

(2008a) Standard Test Method for In-Place
Density and Water Content of Soil and

Soi | - Aggregat e by Nucl ear Met hods (Shal | ow
Dept h)

(1992; R 2005) Standard Test Method for
Install ati on Acceptance of Plastic Gavity
Sewer Lines Using Low Pressure Air

(2008) Standard Specification for
El astoneric Seal s (Gaskets) for Joining
Pl astic Pipe

(2008) Pol y(Vinyl Chloride) (PVC
Large-Di aneter Plastic Gravity Sewer Pipe
and Fittings

(2008) Pol yethyl ene (PE) Plastic Pipe
(SDR-PR) Based on Qutside D aneter

(2003) Standard Specification for
Poly(Vinyl Chloride) (PVC) Profile Gravity
Sewer Pipe and Fittings Based on

Controll ed I nside D aneter

(2007) Pol yethyl ene (PE) Large D aneter
Profile Wall Sewer and Drain Pipe

(2009) Pol y(Vinyl Chloride) (PVC
Corrugated Sewer Pipe with a Snooth
Interior and Fittings
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3 SUBM TTALS
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NOTE: Review submttal 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. Submittals should be kept
to the mininumrequired 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 Government approval on Arny
projects, a code of up to three characters within
the submittal tags nmay be used following the "G
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO' for District Ofice

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

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

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

CGovernment approval is required for submittals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .] [information only. Wen used, a designation followi ng the "G
designation identifies the office that will review the submttal for the
CGovernment.] Submt the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES:

SD- 03 Product Data

Pl aci ng Pi pe
SD- 04 Sanpl es

Pipe for Culverts and Storm Drains
SD-07 Certificates

Resin Certification

Pi peli ne Testing

Hydrostatic Test on Watertight Joints

Determ nati on of Density
Frame and Cover for Gatings
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1

4  DELI VERY, STORAGE, AND HANDLI NG
4.1 Delivery and Storage

Materials delivered to site shall be inspected for danmage, unl oaded, and
stored with a mninmum of handling. Materials shall not be stored directly
on the ground. The inside of pipes and fittings shall be kept free of dirt
and debris. Before, during, and after installation, plastic pipe and
fittings shall be protected fromany environnent that would result in
damage or deterioration to the material. Keep a copy of the manufacturer's
instructions available at the construction site at all times and foll ow
these instructions unless directed otherwise by the Contracting Oficer.
Sol vent's, solvent conpounds, lubricants, elastomeric gaskets, and any
simlar materials required to install plastic pipe shall be stored in
accordance with the manufacturer's recomrendati ons and shall be di scarded
if the storage period exceeds the recomended shelf life. Solvents in use
shal | be di scarded when the recomended pot life is exceeded.

.4.2 Handl i ng

Materials shall be handled in a manner that ensures delivery to the trench
in sound, undamaged condition. Pipe shall be carried to the trench, not
dr agged.

PART 2 PRODUCTS

2.

1 Pl PE FOR CULVERTS AND STORM DRAI NS

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

NOTE: \Where the type of pipe is to be the
Contractor's option, the types (with size, class,
shape, strength, sheet thickness, or gauge) that are
acceptabl e should be listed. The inapplicable types
of pipe will be deleted. |In specifying plastic,
clay, and concrete pipe or alum numalloy and stee
pi pe for culverts and stormdrains, pipe of
conparable strength for the various sizes should be
speci fi ed.

Where econom cally feasible or required by special
conditions, cast iron soil pipe neeting the

requi renents of ASTM A 74 nay be used for culverts
and stormdrains. The pipe class, the type of
joint, and installation procedures should be as
specified in Section 33 30 00 SANI TARY SEVERS and
Section 33 34 00 FORCE MAINS AND | NVERTED SI PHONS
SEVER.

Refer to the appropriate NAVFAC Desi gn Manual on
storm drai nage for general information on suitable
pi ping materials. Additional information may be
obtained fromthe "Life Cycle Cost for Drai nage
Structures," Technical Report G.-882-2 by the U. S
Arnmy Corps of Engineers. Pipe materials which are
known to be unsuitable for local conditions (i.e.
corrosion, root penetration, etc.) should not be
permtted for the project. However, consideration
shoul d be given to use of nore effective protective
coatings and jointing nethods where economcally
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f easi bl e.

In areas where problens with root penetration are
antici pated, specify pipe which has the kind of
joint which will successfully resist root
penetration. Cenerally speaking, the nore
watertight the joint, the greater will be the

resi stance to root penetration. Rubber-gasketed and
conpression-type joints are considered to give the
best performance for this application

Anerican Society of Cvil Engineers (ASCE) Manua

No. 37, "Design and Construction of Sanitary and
Storm Sewers, " contains methods of cal cul ation for
structural requirements of pipe; fromthese, the
required strengths for pipe of various materials may
determ ned. |Investigate external |oads, including
earth | oads, truck |oads, seismc |oads, and inpact,
in the design stage of the project. G ve specia
attention, in the design stage of the project, to
plastic pipe materials, particularly with respect to
superi nposed external |oads which could cause
excessi ve deflection of the pipe. The degree of
sidefill conpaction should be considered
realistically, particularly in narginal cases. See
al so the appendices to ASTM D 2321

Rk Ik kR IR R R Ik AR Rk R R Rk O kO O R R R I R R Rk ko

Pi pe for culverts and stormdrains shall be of the sizes indicated and
shall conformto the requirenments specified.

2.1.1 Concrete Pipe

LR R R R R R R R R R R EREEEEREEEREEEEEEEREEEEREEEEEEREEEEEEEEEEEEEEEEEEEEEEEEEEE]

NOTE: The various cl asses designate different
D-loads. D-load is defined as the mininumrequired
t hree-edge test load on a pipe to produce a 0.01
inch crack and/or ultimate failure in pounds per
linear foot per foot (no netric definition) of

i nsi de di aneter.

Where sul fate-resistant pipe is required and
concrete pipe is to be an option, specify Type Il or
Type V cenent. Specify Type Il (noderate sul fate
resi sting) cenment when water-soluble sulfates (as
S04) in the soil are in the range of 0.1 to 0.2
percent and, for water, are in the range of 150 to
1,000 parts per nillion. Specify Type V (sulfate
resisting) cement when soils contain in excess of
0.2 percent water-soluble sulfate and water sanples
contain in excess of 1,000 parts per mllion. In
areas where reactive aggregates are known to occur
specify low al kali cenent.

The following are requirenents for LANTNAVFACENGCOM
projects: Pipe sizes under 300 mm (12 inch)

di aneter shall be nonreinforced concrete pipe. Pipe
sizes 300 mm (12 inch) dianeter through 600 mm (24

i nch) dianmeter may be either reinforced or
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nonr ei nforced concrete pipe. Pipe sizes larger than
600 nm (24 inch) dianeter shall be reinforced
concrete pipe.

IR R R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEEEREEEEEEEREEEEEEEEEEEEEREEEEEEREEEEEEE]

Manuf actured in accordance with and conforning to ASTM C 76N ASTM C 76,
Class [I] [tI] [100] [1V] [V], or ASTM C 655, [ ] D-Load.

2.1.1.1 Rei nforced Arch Cul vert and St orm Drai npi pe

Manuf actured in accordance with and conform ng to ASTM C 506N ASTM C 506,
Class [A-11] [A111] [A1V].

2.1.1.2 Rei nforced Elliptical Culvert and Storm Drai npi pe

Manuf actured in accordance with and conformng to ASTM C 507V ASTM C 507.
Hori zontal elliptical pipe shall be Cass [HE-A] [HE-1] [HE-11] [HE-111]

[HE-1V]. Vertical elliptical pipe shall be Cass [VE-I1] [VE-IlI] [VE-1V]
[VE-V] [VE-VI].

2.1.1.3 Nonr ei nf or ced Pi pe

Manuf actured in accordance with and conforning to ASTM C 14N ASTM C 14,
Class [1] [2] [3].

2.1.1. 4 Cast -1 n-Pl ace Nonreinforced Conduit

IR R R R EE RS EEEEEREEEEEEEEEREEEREEEREEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEREEEEEEE]

NOTE: This type conduit should not be used beneath
structures, for drain crossings, adjacent to paved
areas, or under high fills.

Rk R Sk Sk R IR R Sk S kO S S S S R S R R Ik O kR R bk R R

ACl 346, except that testing shall be the responsibility of and at the
expense of the Contractor. |In the case of other conflicts between ACI 346
and project specifications, requirenents of ACI 346 shall govern.

2.1.2 G ay Pipe

EE I I S I I I I b S I I b R R I I R I S R R I I S I I I I I I I S b I b I R I b I I I o
NOTE: Specify "bell-and-spigot piping only" in
areas where corrosion problens nmay be anti ci pated
with the stainless steel parts of the couplings used
for plain-end piping.

Rk Sk Sk R R R R S I kSRR S b Sk Sk S R R O kR R

Standard or extra strength, as indicated, conform ng to ASTM C 700.

2.1.3 Corrugated Steel Pipe

Rk Ik S S R R R R Sk S kSRR I Sk Sk R Rk O S I kS S S I R SRk Sk

NOTE: The several different netallic coatings may
not provide equal protection of the base netal

agai nst corrosion and /or abrasion in al
environnents. For severe environnents, a

conbi nati on of special coatings may be required to
provide the desired service life. Additiona
protection for corrugated steel pipe nay be provided
by use of non-netallic coatings applied before or
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after fabrication of the pipe. A description of
avai |l abl e coatings and durability guidelines is
included in the National Corrugated Steel Pipe
Associ ation (NCSPA) publication "Mdern Sewer
Desi gn".

Corrugat ed steel piping in accordance with ASTM A
885 (aramid fiber conposite coating) is recomended
for use where severely corrosive conditions, such as
highly acid soils, tidal drainage, mne drainage,
and certain industrial wastes, are present.

To pronote conpetitive bidding, polynmer precoated
pi pe should generally be specified as an option if a
non-netallic coating is required to provide the
desired service life. Many pipe nmanufacturer's
produce polyner precoated pipe in lieu of bitum nous
coated pipe. Polyner precoating provides greater
additional service life than bitum nous coating.
Sone severe environnents may cause coOrrosion

probl enms to accessory itenms such as rivets or
coupl i ng band hardware that do not have a pol yner
coati ng.

O her corrugation sizes are avail able and may be
speci fi ed.

Corrugated steel pipe is also available in a form
called "nestable culvert pipe." This pipeis
furnished in sem-cylindrical pieces which are
fastened together on the job site to forma pipeline
of round cross section. Nestable culvert pipe was
devel oped as a neans of conserving shipping and
storage space, and its use shoul d be considered when
such space is at a premum as in sonme overseas
projects, etc. Wen specified, nestable culvert
pi pe should conformto ML-P-236. O her

new y-devel oped products may be included subject to
approval, on a case-by-case basis, by HQUSACE

(CEMP- ET) Washi ngton, DC 20314-1000.

Sheet thickness shall be as indicated. Use Annul ar

and Helical Corrugations for LANTNAVFACENGCOM
proj ects.

Rk Sk Sk R R R R S I kSRR S b Sk Sk S R R O kR R

ASTM A 760/ A 760N, zinc or alum num (Type 2) coated pipe of either:

a. Type [I] [Il] pipe with [annular] [helical] 68 by 13 mv 2-2/3 by 1/2
inch corrugati ons.

b. Type [IR [IIR pipe with helical 19 by 19 by 190 nmr 3/4 by 3/4 by
7-1/2 inch corrugations.

2.1.3.1 Ful Iy Bituni nous Coated

AASHTO M 190 Type A and ASTM A 760/ A 760N zinc or alum num (Type 2) coated
pi pe of either:
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a. Type [I] [Il] pipe with [annular] [helical] 68 by 13 mr 2-2/3 by 1/2
inch corrugati ons.

b. Type [IR [IIR pipe with helical 19 by 19 by 190 nmr 3/4 by 3/4 by
7-1/2 inch corrugations.

2.1.3.2

Hal f Bi tum nous Coated, Part Paved

AASHTO M 190 Type B and ASTM A 760/ A 760N zinc or alum num (Type 2) coated

Type [I]

[1'l] pipe with [annular] [helical] 68 by 13 mr 2-2/3 by 1/2 inch

corrugations.

2.1.3.3

Ful Iy Bitumi nous Coated, Part Paved

AASHTO M 190 Type C and ASTM A 760/ A 760N zinc or alum num (Type 2) coated

Type [I]

[1'l] pipe with [annular] [helical] 68 by 13 mr 2-2/3 by 1/2 inch

corrugations.

2.1.3.4

Fully Bitum nous Coated, Fully Paved

AASHTO M 190 Type D and ASTM A 760/ A 760N zinc or alum num (Type 2) coated

Type [I]

[1l] pipe with [annular] [helical] 68 by 13 mr 2-2/3 by 1/2 inch

corrugations.

2.1.3.5

Concr et e- Li ned

Rk Rk S kR R Rk O kR A S R S O o O O R R R Rk o

NOTE: Concrete-lined corrugated netal pipe conbines
the structural econony of corrugated netal pipe wth
the hydraulic efficiency of a concrete lining to
provide an alternative to reinforced concrete pipe.

Snoot h-1i ned corrugated pipe and pipe arch will not
be given hydraulic credit for the lining unless it
can be denonstrated that the lining will last for
the full service life of the project. |If the lining
will last for the full service life, use the sane
"n" value as for concrete pipe. |If the lining will
not last the full service life, use the "n" val ue
for uncoated corrugated pipe or pipe arch

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

ASTM A 760/ A 760N zinc coated Type | corrugated steel pipe with [annul ar]
[helical] 68 by 13 mm 2-2/3 by 1/2 inch corrugations and a concrete |ining
in accordance with ASTM A 849.

2.1.3.6

Pol ymer Precoat ed

ASTM A 762/ A 762N corrugated steel pipe fabricated from ASTM A 742/ A 742N
G ade 250/250 10/10 pol ynmer precoated sheet of either:

a. Type [I] [Il] pipe with [annular] [helical] 68 by 13 mr 2-2/3 by 1/2
i nch corrugations.

b. Type [IR [IIR pipe with helical 19 by 19 by 190 mr 3/4 by 3/4 by
7-1/2 inch corrugations.
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2.1.3.7 Pol yner Precoated, Part Paved

ASTM A 762/ A 762N Type [I] [II] corrugated steel pipe and AASHTO M 190 Type
B (nodified), paved invert only, fabricated from ASTM A 742/ A 742N G ade
250/ 250 10/ 10 pol ymer precoated sheet with [annular] [helical] 68 by 13 mr
2-2/3 by 1/2 inch corrugations.

2.1.3.8 Pol ymer Precoated, Fully Paved

ASTM A 762/ A 762N Type [I] [II] corrugated steel pipe and AASHTO M 190 Type
D (nodified), fully paved only, fabricated from ASTM A 742/ A 742N Grade
250/ 250 10/ 10 pol ynmer precoated sheet with [annular] [helical] 68 by 13 nmnr
2-2/3 by 1/2 inch corrugations.

2.1. 4 Corrugat ed Al um num Al | oy Pi pe

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

NOTE: Coordi nate with paragraph Corrugated Steel
Pi pe.

Corrugat ed al um num pi pe has shown satisfactory
corrosion resistance in clean granular naterials
even when seawater is present. However, corrugated
al um num pi pe should not be used in highly acid (pH
bel ow 4) or highly al kaline (pH above 9) soils, or
in organic silts and clays, identified as Types OH
and OL in the Soil Cassification Chart, ASTM D
2487. This pipe should also not be used where it
will be in contact with other netals or in netallic
deposi ts.

The follow ng are requirenments for LANTNAVFACENGCOM
projects: Provide ASTM A 849, Type B, C, M and P
with fully coated, half coated, exterior coated,
interior coated, invert coated, invert paved, and

fully lined. Do not use Type C, concrete |lining on

al um num mat eri al s.
EIR IR IR b R S I I I I b I I I IR I R R S b I R I R IR I IR I R R S I I A I I IR R R I S b b b b b I b I b I R I b b b I b b I I b I b b b I

ASTM B 745/ B 745N corrugated al um num al |l oy pi pe of either:
a. Type [I] [II] pipe with [annular] [helical] corrugations.
b. Type [IA [IR [IITA [IIR pipe with helical corrugations.
2.1.4.1 Al umi num Ful Iy Bitum nous Coat ed
Bi tum nous coating shall conformto ASTM A 849 Type [ ]. Piping shall
conformto AASHTO M 190 Type A and ASTM B 745/ B 745N corrugated al un num
al l oy pipe of either:
a. Type [I] [Il] pipe with [annular] [helical] corrugations.
b. Type [IA [IR [IIA [IIR pipe with helical corrugations.
2.1.4.2 Al umi num Ful Iy Bitum nous Coated, Part Paved

Bi tum nous coating shall conformto ASTM A 849 Type [ ]. Piping shall
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conformto AASHTO M 190 Type C and ASTM B 745/ B 745N corrugated al um num
al l oy pipe of either:

a. Type [I] [Il] pipe with [annular] [helical] corrugations.
b. Type [IR [IIR] pipe with helical corrugations.

. 1.5 Structural Plate, Steel Pipe, Pipe Arches and Arches

IR R R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEREEEREEEEEEEREEEEEEEEEEEEEREEEEEEREEEEEEE]

NOTE: Coordi nate with paragraph Corrugated Stee
Pi pe.

Thi s paragraph includes options for providing a
protective coating on the structural plate pipe.
The designer will delete these options when
protective coating is not a part of the project
requi renents. \Wen protective coating on the
structural -plate pipe is a project requirenent, the
designer will select the applicable option. Metal
pi pe manufacturers state that it is inpracticable in
initial construction to provide a pernanent paved
invert of bituminous material in structural-plate
corrugated netal pipe.

EE IR R R R S I R I I R R R R R O R Sk R R Rk I R S O

Assenbl ed with gal vani zed steel nuts and bolts, from gal vani zed corrugated
steel plates conformng to AASHTO M 167M M 167. Pi pe coating, when
required, shall conformto the requirenents of [AASHTO M 190 Type A] |
AASHTO M 243]. Thickness of plates shall be as indicated.

.1.6 Structural Plate, Al um num Pipe, Pipe Arches and Arches

IR R R R EE RS EEEEEREEEEEEEEEREEEREEEREEEEEEEREEEEEEEREEEEEEEEEEEEEEREEEEEEEREEEEE SRS

NOTE: Coordi nate with paragraph Corrugated Stee
Pi pe and paragraph Structural Plate, Steel Pipe,
Pi pe Arches and Arches.

Rk R Sk kR R R Sk O kSR I S Rk S S S R R kI kS R IR R R o

Assenbl ed with either alum num alloy, alum num coated steel, stainless
steel or zinc coated steel nuts and bolts. Nuts and bolts, and al unm num
all oy plates shall conformto AASHTO M 219. Pipe coating, when required,
shall conformto the requirements of [AASHTO M 190, Type A] [AASHTO M 243
]. Thickness of plates shall be as indicated.

1.7 Ductile Iron Cul vert Pipe

ASTM A 716.

.1.8 Cast-lron Soil Piping

Cast-lron Soil Pipe shall conformto ASTM A 74, service-wei ght; gaskets
shal | be conpression-type rubber conformng to ASTM C 564.

. 1.9 Per forated Piping
.1.9.1 G ay Pipe

ASTM C 700, [standard] [extra] strength.
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2.1.9.2 Concrete Pipe

Manuf actured in accordance with and conform ng to ASTM C 444N ASTM C 444,
and applicable requirenents of ASTM C 14V ASTM C 14, Cass [ ].

2.1.9.3 Corrugated Steel Pipe
ASTM A 760/ A 760N, Type 111, zinc-coated.

2.1.9.4 Corrugat ed Al um num Pi pe
ASTM B 745/ B 745N, Type I11.

2.1.9.5 PVC Pi pe
ASTM D 2729.

2.1.10 PVC Pipe
Submit the pipe manufacturer's resin certification, indicating the cel
classification of PVC used to nanufacture the pipe, prior to installation
of the pipe.

2.1.10.1 Type PSM PVC Pi pe

Rk Rk S kR R Rk O kR A S R S O o O O R R R Rk o

NOTE: Al l owabl e pi pe sizes for LANTNAVFACENGCOM
projects are 250 mm (10 i nch) dianeter or |ess.

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

ASTM D 3034, Type PSM maxi num SDR 35, produced from PVC certified by the
compounder as neeting the requirements of ASTM D 1784, m nimmum cell class
12454- B.

2.1.10.2 Profile PVC Pipe

ASTM F 794, Series 46, produced from PVC certified by the conpounder as
neeting the requirements of ASTM D 1784, m nimum cell class 12454-B

2.1.10.3 Snoot h Wal | PVC Pi pe

ASTM F 679 produced from PVC certified by the conmpounder as neeting the
requirenents of ASTM D 1784, mninumcell class 12454-B

2.1.10.4 Corrugat ed PVC Pi pe

ASTM F 949 produced from PVC certified by the conpounder as neeting the
requi renents of ASTM D 1784, mninmumcell class 12454-B

2.1.11 PE Pi pe

Submit the pipe nmanufacturer's resin certification, indicating the cel
classification of PE used to manufacture the pipe, prior to installation of
the pipe. The mininumcell classification for polyethylene plastic shal
apply to each of the seven primary properties of the cell classification
[imts in accordance with ASTM D 3350.
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2.1.11. 1 Smoot h Wal | PE Pi pe

ASTM F 714, maxi mum DR of 21 for pipes 80 to 600 mr 3 to 24 inches in

di aneter and maxi mum DR of 26 for pipes 650 to 1200 mr 26 to 48 inches in
di aneter. Pipe shall be produced from PE certified by the resin producer
as neeting the requirenents of ASTM D 3350, nminimumcell class 335434C

2.1.11.2 Corrugat ed PE Pi pe

IR R R R E R RS EEEEEREEEEEEEEEREEREREEEREEEEREEEREEEEEEEREEEEEEEEEEEEEREEEEEEREEEEEEE]

NOTE: Corrugated PE pipe culverts and stormdrains
shall not be installed beneath airfield pavenents
unl ess approved in witing by the major command.
Type S pipe has a full circular cross-section, with
an outer corrugated pipe wall and a snooth inner
liner. Type C pipe has a full circular
cross-section, with a corrugated surface both inside
and outside. Corrugations may be either annul ar or

hel i cal
EIR IR IR R R S I I I I IR I I IR I R R R S I I R I IR IR I I I R R S I b I I I R b I S I b b b b I R I I I R I b b b b b I b I b I b b b b

AASHTO M 294, Type S or C. For slow crack growth resistance, acceptance of
resins shall be determ ned by using the notched constant |iganent-stress
(NCLS) test neeting the requirenents of AASHTO M 294. Pipe walls shal

have the follow ng properties:

M ni mum Moment

Nom nal M ni num of Inertia of
Si ze Val | Area VWal | Section
(m) (square mm' m (mto the 4th/ mm
300 3200 390
375 4000 870
450 4900 1020
600 6600 1900
750 8300 2670
900 9500 3640
1050 9900 8900
1200 10900 8900
1350 12000 13110
1500 13650 13110
M ni mum Moment
Noni nal M ni mum of Inertia of
Si ze Val | Area VWal | Section
(in.) (square in/ft) (into the 4th/in)
12 1.50 0.024
15 1.91 0. 053
18 2.34 0. 062
24 3.14 0.116
30 3.92 0.163
36 4,50 0.222
42 4. 69 0. 543
48 5.15 0. 543
54 5.67 0. 800
60 6. 45 0. 800
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M ni mum Moment

Noni nal M ni mum of Inertia of
Si ze Val | Area VWal | Section
(in.) (square in/ft) (into the 4th/in)

2.1.11.3 Profile Wall PE Pipe

ASTM F 894, RSC 160, produced fromPE certified by the resin producer as
neeting the requirenments of ASTM D 3350, m ninmum cell class 334433C. Pipe
wal | s shall have the followi ng properties:

M ni mum Moment

O Inertia of

Wal | Section
(mto the 4th/nm

Noni nal M ni mum Cel | Cel |
Si ze Val | Area d ass C ass
(mm) (square nm m 334433C 335434C
450 6300 850 620
525 8800 1150 840
600 9900 1330 970
675 12500 2050 1490
750 12500 2050 1490
825 14800 2640 2160
900 17100 3310 2700

1050 16500 4540 3720

1200 18700 5540 4540

M ni nrum Monent

O Inertia of

Wal | Section
(in to the 4th/in)

Nom nal M ni num Cel | Cel

Si ze Val | Area C ass Cl ass
(in.) (square in/ft) 334433C 335434C
18 2.96 0. 052 0. 038
21 4,15 0. 070 0. 051
24 4. 66 0. 081 0. 059
27 5.91 0.125 0. 091
30 5.91 0.125 0. 091
33 6. 99 0.161 0.132
36 8.08 0. 202 0. 165
42 7.81 0. 277 0. 227
48 8. 82 0. 338 0. 277
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2.2 DRAI NAGE STRUCTURES
2.2.1 Fl ared End Secti ons

Sections shall be of a standard design fabricated from zinc coated stee
sheets neeting requirenents of ASTM A 929/ A 929N

2.2.2 Precast Rei nforced Concrete Box

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Where sulfate-resistant pipe is required and
concrete pipe is to be an option, the use of Type |
or Type V cement will be specified.

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

Manuf actured in accordance with and conformng to ASTM C 1433N ASTM C 1433.

2.3 M SCELLANEQUS NMATERI ALS

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: The shape, size, thickness of sections, kinds
of materials, and weights for franmes, covers, and
gratings for inlets and manholes, as well as the
anount of waterway opening for inlets and gratings
shoul d be indicated on the drawi ngs. The covers and
gratings should be designed to have anple strength
for the traffic conditions to which they may be

subj ected. Fixed, straight-type gal vani zed stee

| adders shoul d be provided for nanhol es over 3.66 m
(12 feet) deep neasured formtop of grate to invert
of outlet pipe.
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2.3.1 Concrete
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NOTE: Reference should be nmade to other sections of
the project specifications, as applicable, or
pertinent requirements may be included in this
section.

The air contents specified are for concrete that

will be subjected to freezing weather and the
possi bl e action of deicing chemicals. In climates
where freezing is not a factor but where air
entrainnent is used in |local commercial practice to
i mprove the workability and placability of concrete,
concrete having air content of 4.5 plus or minus 1.5
percent may be specified as Contractor's option to
nonai rent rai ned concrete.

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

Unl ess ot herwi se specified, concrete and reinforced concrete shall conform

to the requirements for [ ] MPa psi concrete under Section [
03 31 00.00 10 CAST-I| N PLACE STRUCTURAL CONCRETE] [03 30 00 CAST-I N PLACE
CONCRETE]. The concrete m xture shall have air content by vol unme of

concrete, based on neasurenents made i nmedi ately after discharge fromthe
m xer, of 5 to 7 percent when maxi num si ze of coarse aggregate exceeds 37.5
mr 1-1/2 inches. Air content shall be determ ned in accordance with
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ASTM C 231. The concrete covering over steel reinforcing shall not be |ess
than 25 mr 1 inch thick for covers and not |ess than 40 mr 1-1/2 inches
thick for walls and flooring. Concrete covering deposited directly against
the ground shall have a thickness of at least 75 mr 3 inches between stee
and ground. Expansion-joint filler material shall conformto ASTM D 1751
or ASTM D 1752, or shall be resin-inpregnated fiberboard conformng to the
physi cal requirements of ASTM D 1752.

.3.2 Mort ar

Mortar for pipe joints, connections to other drai nage structures, and brick
or block construction shall conformto ASTM C 270, Type M except that the
maxi mum pl acenent tinme shall be 1 hour. The quantity of water in the

m xture shall be sufficient to produce a stiff workable nmortar but in no
case shall exceed [__ ] liters gallons of water per sack of cenment.
Water shall be clean and free of harnful acids, alkalies, and organic
impurities. The nortar shall be used within 30 minutes after the
ingredients are mxed with water. The inside of the joint shall be w ped
clean and finished snmooth. The nortar head on the outside shall be
protected fromair and sun with a proper covering until satisfactorily

cur ed.

.3.3 Precast Concrete Segnental Bl ocks

Precast concrete segnental block shall conformto ASTM C 139, not nore than
200 mr 8 inches thick, not less than 200 mr 8 inches |ong, and of such
shape that joints can be sealed effectively and bonded with cenment nortar.

.3.4 Brick

Brick shall conformto ASTM C 62, G ade SW ASTM C 55, G ade S-1 or S-I1;
or ASTM C 32, Grade M5. Mortar for jointing and plastering shall consist
of one part portland cement and two parts fine sand. Line may be added to
the nortar in a quantity not nore than 25 percent of the volunme of cenent.
The joints shall be filled conpletely and shall be snooth and free from
surplus nortar on the inside of the structure. Brick structures shall be
pl astered with 13 mr 1/2 inch of nortar over the entire outside surface of
the walls. For square or rectangul ar structures, brick shall be laid in
stretcher courses with a header course every sixth course. For round
structures, brick shall be laid radially with every sixth course a
stretcher course.

.3.5 Precast Rei nforced Concrete Manhol es

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: Rubber-type gasket joints should be specified
only where watertightness is essential

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

Conformto ASTM C 478N ASTM C 478. Joints between precast concrete risers
and tops shall be [full-bedded in cenent nortar and shall be snpbothed to a
uniformsurface on both interior and exterior of the structure] [nmade with
flexible watertight, rubber-type gaskets neeting the requirenents of

par agraph JO NTS] .

.3.6 Prefabri cated Corrugated Metal Manhol es

Manhol es shall be of the type and design recommended by the manufacturer.
Manhol es shall be conplete with frames and cover, or frames and gratings.

SECTION 33 40 00 Page 25



2.3.7 Frame and Cover for Gratings
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NOTE: The Ilikelihood of bicycle traffic should be
considered in the selection of the type of inlet
cover configuration.
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Submit certification on the ability of frame and cover or gratings to carry
the inposed live |load. Frame and cover for gratings shall be cast gray
iron, ASTM A 48/ A 48N, C ass 35B; cast ductile iron, ASTM A 536, G ade
65-45-12; or cast aluminum ASTM B 26/ B 26, Alloy 356.0T6. Wight, shape,
size, and waterway openings for grates and curb inlets shall be as
indicated on the plans. The word "Storm Sewer" shall be stanmped or cast
into covers so that it is plainly visible.

2.3.8 Joints

2.3.8.1 Fl exi bl e Watertight Joints
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NOTE: Thi s paragraph covers conpression-type
rubber-gasketed joints. Wen pipe requiring a
pressure-type joint is specified, the requirenments
of this paragraph may not apply and the joint should
be made in accordance with the specifications for

t he pi pe.
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a. Mterials: Flexible watertight joints shall be made with plastic or
rubber-type gaskets for concrete pipe and with factory-fabricated
resilient materials for clay pipe. The design of joints and the
physi cal requirenents for plastic gaskets shall conformto AASHTO M 198,
and rubber-type gaskets shall conformto ASTM C 443N ASTM C 443.
Factory-fabricated resilient joint materials shall conformto ASTM C 425.
Gaskets shall have not nore than one factory-fabricated splice, except
that two factory-fabricated splices of the rubber-type gasket are
permtted if the nomi nal dianeter of the pipe being gasketed exceeds
1.35 m 54 inches.

b. Test Requirenments: Watertight joints shall be tested and shall neet
test requirements of paragraph HYDROSTATI C TEST ON WATERTI GHT JO NTS.
Rubber gaskets shall conply with the oil resistant gasket requirenents
of ASTM C 443N ASTM C 443. Certified copies of test results shall be
delivered to the Contracting O ficer before gaskets or jointing
materials are installed. Alternate types of watertight joint nay be
furnished, if specifically approved.

2.3.8.2 Ext ernal Seal i ng Bands

Requirenents for external sealing bands shall conformto ASTM C 877N
ASTM C 877.

2.3.8.3 Fl exi bl e Watertight, Gasketed Joints
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NOTE: The inapplicable type of gasket materi al
shoul d be deleted. Type 2Al shoul d be specified
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where specific resistance to the action of petrol eum
base oils is not required. Type 2B3 has specific
requirenents for oil resistance with |ow swell.

Fill in blank for any other conbination of dass and
Grade required.

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

a. Gaskets: When infiltration or exfiltration is a concern for pipe
lines, the couplings may be required to have gaskets. The cl osed-cel
expanded rubber gaskets shall be a continuous band approximately 178 mr
7 inches wide and approxinmately 10 mr 3/8 inch thick, neeting the
requi renents of ASTM D 1056, Type 2 [Al] [B3] | ], and shall have a
quality retention rating of not |less than 70 percent when tested for
weat her resistance by ozone chanber exposure, Method B of ASTM D 1171.
Rubber O-ring gaskets shall be 21 nmr 13/16 inch in dianeter for pipe
di aneters of 914 mr 36 inches or snaller and 22 mr 7/8 inch in dianeter
for larger pipe having 13 mr 1/2 inch deep end corrugation. Rubber
O ring gaskets shall be 35 mr 1-3/8 inches in dianeter for pipe having
25 nr 1 inch deep end corrugations. Orings shall neet the
requi renents of AASHTO M 198 or ASTM C 443 ASTM C 443. Flexible
pl astic gaskets shall conformto requirements of AASHTO M 198, Type B

b. Connecting Bands: Connecting bands shall be of the type, size and
sheet thickness of band, and the size of angles, bolts, rods and |ugs
as indicated or where not indicated as specified in the applicable
standards or specifications for the pipe. Exterior rivet heads in the
| ongi t udi nal seam under the connecting band shall be countersunk or the
rivets shall be omtted and the seam wel ded. Watertight joints shal
be tested and shall neet the test requirenents of paragraph HYDROSTATIC
TEST ON WATERTI GHT JO NTS.

2.3.8.4 PVC Pl astic Pipes
Joints shall be solvent cenment or el astomeric gasket type in accordance
with the specification for the pipe and as recomended by the pipe
manuf act urer.

2.3.8.5 Snmoot h Wall PE Pl astic Pipe

Pi pe shall be joined using butt fusion method as recomrended by the pipe
manuf act urer.

2.3.8.6 Corrugated PE Plastic Pipe
Pipe joints shall be [soil] [silt] [water] tight and shall conformto the
requirenents in AASHTO M 294.[ Water tight joints shall be made using a PE
coupling and rubber gaskets as recommended by the pi pe manufacturer
Rubber gaskets shall conformto ASTM F 477.]

2.3.8.7 Profile Wall PE Plastic Pipe

Joints shall be gasketed or thermal weld type with integral bell in
accordance with ASTM F 894.

2.3.8.8 Ductile Iron Pipe

Couplings and fittings shall be as recomrended by the pi pe nanufacturer
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2.

2.

2.

2.

3.9 Flap Gates

Flap Gates shall be [nediun] [or] [heavy]-duty with [circul ar]
[rectangul ar] opening and doubl e-hinged. [Top pivot points shall be
adjustable.] The seat shall be one-piece cast iron with a raised section
around the perineter of the waterway opening to provide the seating face.
The seating face of the seat shall be [cast iron] [bronze] [stainless
steel] [neoprene]. The cover shall be one-piece cast iron with necessary
reinforcing rib, lifting eye for nmanual operation, and bosses to provide a
pi vot point connection with the links. The seating face of the cover shal
be [cast iron] [bronze] [stainless steel] [neoprene]. Links or hinge arns
shal |l be cast or ductile iron. Holes of pivot points shall be bronze
bushed. Al fasteners shall be either galvanized steel, bronze or
stai nl ess steel.

.4 STEEL LADDER

Steel |adder shall be provided where the depth of the storm drai nage
structure exceeds 3.66 nm 12 feet. These |adders shall be not |ess than 406
nr 16 inches in width, with 19 mr 3/4 inch dianmeter rungs spaced 305 mr 12
inches apart. The two stringers shall be a minimmr 10 mr 3/8 inch thick and

63 mm 2-1/2 inches wide. Ladders and inserts shall be gal vanized after
fabrication in conformance with ASTM A 123/ A 123N

.5 DOWNSPOUT BOOTS

Boots used to connect exterior downspouts to the stormdrai nage system
shal |l be of gray cast iron conformng to ASTM A 48/ A 48, C ass 30B or
35B. Shape and size shall be as indicated.

6 RESI LI ENT CONNECTORS
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NOTE: Delete the requirenent for resilient
connectors when a watertight connection between pipe
and nanhol es and inlets is not required.
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Fl exi bl e, watertight connectors used for connecting pipe to manhol es and
inlets shall conformto ASTM C 923N ASTM C 923.

7 HYDROSTATI C TEST ON WATERTI GHT JO NTS

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

NOTE: VWhen the quantity of pipe required for a
project is so small that the provisions for testing
and certification of watertightness of joints
appears to be economically unfeasible, such

provi sions shoul d be del et ed.
EE IR I Sk S S I S S S S R R Rk S I S Sk S kR R S I Ik S S I R Rk I I O S

7.1 Concrete, Cay, PVC and PE Pipe

A hydrostatic test shall be nade on the watertight joint types as
proposed. Only one sanple joint of each type needs testing; however, if
the sanple joint fails because of faulty design or workmanship, an
additional sanmple joint nay be tested. During the test period, gaskets or
other jointing material shall be protected fromextrene tenperatures which
m ght adversely affect the performance of such naterials. Perfornmance
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requirements for joints in reinforced and nonreinforced concrete pipe shal
conformto AASHTO M 198 or ASTM C 443N ASTM C 443. Test requirenents for
joints in clay pipe shall conformto ASTM C 425. Test requirenents for
joints in PVC and PE plastic pipe shall conformto ASTM D 3212

2.7.2 Corrugated Steel and Al um num Pi pe
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NOTE: The pipe length tested for hydrostatic test
on joints nust not exceed the "All owabl e span in
feet for CSP Flowing Full," TABLE 4.5, of Anmerican
Iron and Steel Institute Publication "Handbook of

St eel Drai nage and H ghway Construction Products"
The joint is in the center of the sanple tested, the
supports should be at 21 percent of the sanple
length fromthe ends of the sanple to devel op 15
percent nonent when filled with water.
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A hydrostatic test shall be nmade on the watertight joint systemor coupling
band type proposed. The nmoment strength required of the joint is expressed
as 15 percent of the cal cul ated nonent capacity of the pipe on a transverse
section renote fromthe joint by the AASHTO HB-17 (Division Il, Section
26). The pipe shall be supported for the hydrostatic test with the joint
| ocated at the point which devel ops 15 percent of the nmonent capacity of
the pi pe based on the allowable span in neters feet for the pipe flow ng
full or 54,233 Newton neters 40,000 foot-pounds, whichever is |ess.
Performance requirenents shall be net at an internal hydrostatic pressure of
69 kPa 10 psi, for a 10 minute period for both annul ar corrugated netal
pi pe and helical corrugated netal pipe with factory reforned ends.

2.8 ERCSI ON CONTROL RI PRAP

Provi de nonerodi bl e rock not exceeding 375 mr 15 inches in its greatest
di mensi on and choked with sufficient snall rocks to provide a dense nmss
with a mninumthickness of [200 nm] [8 inches] [as indicated].

PART 3 EXECUTI ON

3.1 EXCAVATI ON FOR PI PE CULVERTS, STORM DRAI'NS, AND DRAI NAGE STRUCTURES

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

NOTE: Reference should be nmade to other sections of
the project specifications, as applicable, or
pertinent requirenments nay be included in this
section.
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Excavation of trenches, and for appurtenances and backfilling for culverts
and stormdrains, shall be in accordance with the applicable portions of
Section 31 00 00 EARTHWORK and the requirenents specified bel ow

3.1.1 Trenchi ng
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NOTE: Econoni c considerations should determi ne the
wi dth of trench to be used in the design anal ysis
and to be specified for construction. Were it is
nore econonical to control trench wi dth and thereby
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3.

use less costly pipe, the width of the trench shal
vary with the pipe dianeter and should be held to a
m ni mum consi stent with the space required for
proper installation of the pipe and the backfill at
the sides of the pipe. Were the sides of the
excavations are to be supported, proper allowance
shoul d be made for the space occupied by the
sheeting and bracing.
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The width of trenches at any point below the top of the pipe shall be not
greater than the outside diameter of the pipe plus [ ] mr inches to
permit satisfactory jointing and thorough tanping of the bedding materia
under and around the pipe. Sheeting and bracing, where required, shall be
pl aced within the trench width as specified, w thout any overexcavati on.
Where trench widths are exceeded, redesign with a resultant increase in
cost of stronger pipe or special installation procedures will be
necessary. Cost of this redesign and increased cost of pipe or
installation shall be borne by the Contractor w thout additional cost to
the CGovernment.

.1.2 Rermoval of Rock
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NOTE: Unl ess otherw se specified, material used to
repl ace unstable material or rock excavation should
be conpacted to a minimum density of 90 percent for
cohesive soils and 95 percent for noncohesive soils,
as determined by ASTM D 1557.
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Rock in either | edge or boulder formation shall be replaced with suitable
materials to provide a conpacted earth cushion having a thickness between
unrenoved rock and the pipe of at |east 200 mr 8 inches or 13 mr 1/2 inch
for each neter foot of fill over the top of the pipe, whichever is greater,
but not nore than three-fourths the nom nal dianmeter of the pipe. Were
bel | - and- spi got pipe is used, the cushion shall be nmaintained under the
bell as well as under the straight portion of the pipe. Rock excavation
shal |l be as specified and defined in Section 31 00 00 EARTHWORK.

.1.3 Rermoval of Unstable Materia
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NOTE: Coordinate with precedi ng paragraph
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Where wet or otherw se unstable soil incapable of properly supporting the
pi pe, as determned by the Contracting Oficer, is unexpectedly encountered
in the bottomof a trench, such material shall be renoved to the depth
required and replaced to the proper grade with select granular material,
compacted as provided in paragraph BACKFI LLI NG  Wen renoval of unstable
material is due to the fault or neglect of the Contractor while performng
shoring and sheeting, water renoval, or other specified requirenents, such
renoval and replacenent shall be perforned at no additional cost to the
Gover nment .

2 BEDDI NG

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
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NOTE: It should be noted that pipe cover
requi renents will be different for different types
of beddi ng.

Rk kI R S R Sk I Sk O SR o o R SRR Sk Rk R RO O S O S O R e R S S A R

The beddi ng surface for the pipe shall provide a firmfoundation of uniform
density throughout the entire length of the pipe.

2.1 Concrete Pipe Requirements

When no bedding class is specified or detailed on the draw ngs, concrete
pi pe shall be bedded in granular material mnimumr 100 mr 4 inch in depth in
trenches with soil foundation. Depth of granular bedding in trenches with
rock foundation shall be 13 mr 1/2 inch in depth per 300 mr foot of depth
of fill, mnimmdepth of bedding shall be 200 mr 8 inch up to maxi num
depth of 600 mr 24 inches. The mddle third of the granul ar beddi ng shal
be | oosely placed. Bell holes and depressions for joints shall be renpved
and forned so entire barrel of pipe is uniformy supported. The bell hole
and depressions for the joints shall be not nmore than the | ength, depth,
and width required for properly making the particular type of joint.

. 2.2 Cl ay Pipe Requirenents
Bedding for clay pipe shall be as specified by ASTM C 12
. 2.3 Corrugated Metal Pipe

Beddi ng for corrugated netal pipe and pipe arch shall be in accordance with
ASTM A 798/ A 798N. It is not required to shape the bedding to the pipe
geonetry. However, for pipe arches, either shape the bedding to the
relatively flat bottomarc or fine grade the foundation to a shall ow
v-shape. Bedding for corrugated structural plate pipe shall neet

requi renents of ASTM A 807/ A 807N

. 2.4 Ductile Iron and Cast-lron Pipe

Bedding for ductile iron and cast-iron pipe shall be as shown on the
dr awi ngs.

.2.5 Pl astic Pipe

Beddi ng for PVC and PE pipe shall neet the requirenments of ASTM D 2321.
Beddi ng, haunching, and initial backfill shall be either Cass IB or |
mat eri al

.3 PLACI NG PI PE
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NOTE: The Contractor should be required to perform
deflection testing when warranted by the scope and
size of the project.

Rk Sk kR Rk Sk O S I R ko A R kS Sk S S Rk O Sk O kSRR R o S R R R

Submit printed copies of the manufacturer's recomendations for
installation procedures of the material being placed, prior to installation.

Each pi pe shall be thoroughly exam ned before being | aid; defective or

damaged pi pe shall not be used. Plastic pipe shall be protected from
exposure to direct sunlight prior to laying, if necessary to maintain
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adequate pipe stiffness and neet installation deflection requirenents.

Pi pelines shall be laid to the grades and alignment indicated. Proper
facilities shall be provided for |owering sections of pipe into trenches.
Lifting lugs in vertically elongated nmetal pipe shall be placed in the same
vertical plane as the major axis of the pipe. Pipe shall not be laid in
wat er, and pi pe shall not be |aid when trench conditions or weather are
unsui tabl e for such work. Diversion of drainage or dewatering of trenches
during construction shall be provided as necessary. Deflection of
installed flexible pipe shall not exceed the following limts:

VAXI MUM ALLOWABLE

TYPE OF Pl PE DEFLECTI ON (%
Corrugated Steel and Al umi num Al | oy 5
Concret e-Li ned Corrugated Steel 3
Ductile Iron Cul vert 3
Pl astic (PVC & HDPE) 5

Not e post installation requirenments of paragraph 'Deflection Testing' in
PART 3 of this specification for all pipe products including deflection
testing requirenents for flexible pipe.

. 3.1 Concrete, Clay, PVC, R bbed PVC, Ductile Iron and Cast-lron Pipe

Layi ng shall proceed upgrade with spigot ends of bell-and-spigot pipe and
tongue ends of tongue-and-groove pipe pointing in the direction of the flow

. 3.2 Elliptical and Elliptical Reinforced Concrete Pipe

The manufacturer's reference |lines, designating the top of the pipe, shal
be within 5 degrees of a vertical plane through the |ongitudinal axis of
the pipe, during placenment. Damage to or m salignnent of the pipe shall be
prevented in all backfilling operations.

.3.3 Corrugat ed PE Pi pe

Layi ng shall be with the separate sections joined firmly on a bed shaped to
l'ine and grade and shall follow nmanufacturer's recomendati ons.

.3.4 Corrugated Metal Pipe and Pipe Arch
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NOTE: Coordi nate with paragraph Corrugated Stee
Pi pe.
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Layi ng shall be with the separate sections joined firmy together, with the
outside laps of circunferential joints pointing upstream and with

[ ongitudinal laps on the sides. Part paved pipe shall be installed so that
the centerline of bitum nous pavenent in the pipe, indicated by suitable
mar ki ngs on the top at each end of the pipe sections, coincides with the
specified alignment of pipe. Fully paved steel pipe or pipe arch shal

have a painted or otherw se applied | abel inside the pipe or pipe arch

i ndi cati ng sheet thickness of pipe or pipe arch. Any unprotected netal in
the joints shall be coated with bitum nous nmaterial as specified in
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AASHTO M 190 or AASHTO M 243. Interior coating shall be protected agai nst
damage frominsertion or renmoval of struts or tie wires. Lifting |ugs
shal |l be used to facilitate nmoving pipe w thout damage to exterior or
interior coatings. During transportation and installation, pipe or pipe
arch and coupling bands shall be handled with care to preclude danage to
the coating, paving or lining. Damaged coatings, pavings and |inings shal
be repaired in accordance with the manufacturer's reconmendations prior to
pl aci ng backfill. Pipe on which coating, paving or lining has been danmaged
to such an extent that satisfactory field repairs cannot be nade shall be
removed and replaced. Vertical elongation, where indicated, shall be
acconpl i shed by factory elongation. Suitable nmarkings or properly placed
lifting lugs shall be provided to ensure placenment of factory el ongated
pipe in a vertical plane

.3.5 Structural -Pl ate Steel

Structural plate shall be installed in accordance with ASTM A 807/ A 807NM.
Structural plate shall be assenbled in accordance with instructions

furni shed by the manufacturer. Instructions shall show the position of
each plate and the order of assenbly. Bolts shall be tightened
progressively and uniformy, starting at one end of the structure after al
plates are in place. The operation shall be repeated to ensure that al
bolts are tightened to neet the torque requirenents of 270 Newton neters
200 foot-pounds plus or mnus 68 Newton neters 50 foot-pounds. Any power
wr enches used shall be checked by the use of hand torque wenches or

| ong- handl ed socket or structural wrenches for anmount of torque produced.
Power wrenches shall be checked and adjusted frequently as needed,
according to type or condition, to ensure proper adjustnent to supply the
required torque.

.3.6 Structural -Plate Al un num

Structural plate shall be assenbled in accordance with instructions
furnished by the manufacturer. Instructions shall show the position of
each plate and the order of assenbly. Bolts shall be tightened
progressively and uniformy, starting at one end of the structure after al
plates are in place. The operation shall be repeated to ensure that al
bolts are torqued to a m ninmum of 136 Newton neters 100 foot-pounds on
alum num al l oy bolts and a m ni num of 203 Newton neters 150 foot-pounds on
gal vani zed steel bolts. Any power wenches used shall be checked by the
use of hand torque wenches or |ong-handl ed socket or structural wenches
for the ampunt of torque produced. Power w enches shall be checked and
adjusted as frequently as needed, according to type or condition, to ensure
that they are in proper adjustment to supply the required torque

. 3.7 Mul tiple Culverts
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NOTE: \Where encasenent or other special conditions
are specified, mninmmspacing as specified in this
par agraph shoul d not apply.
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Where nultiple lines of pipe are installed, adjacent sides of pipe shall be
at least half the nomi nal pipe dianmeter or 1 neter 3 feet apart, whichever
is less.
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3.

3.8 Jacki ng Pi pe Through Fills

Met hods of operation and installation for jacking pipe through fills shal
conformto requirenents specified in Volune 1, Chapter 1, Part 4 of
ARENVA Eng Man.

4  JO NTI NG

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: Wiere watertightness is not required,

wat erti ght and at | east one other type of joint
shoul d be included for each type of pipe required.
Wiere watertightness is essential, delete paragraphs
Cenent - Mortar Bel |l -and- Spi got Joint through Plastic
Seal i ng Conmpound Joi nts for Tongue-and- Grooved Pipe
bel ow.

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

3.4.1 Concrete and C ay Pipe

3.4.1.1 Cenent - Mort ar Bel | - and- Spi got Joi nt

The first pipe shall be bedded to the established grade line, with the bel
end placed upstream The interior surface of the bell shall be thoroughly
cleaned with a wet brush and the |ower portion of the bell filled with
nortar as required to bring inner surfaces of abutting pipes flush and
even. The spigot end of each subsequent pipe shall be cleaned with a wet
brush and uniformy matched into a bell so that sections are closely
fitted. After each section is laid, the remainder of the joint shall be
filled with nortar, and a bead shall be formed around the outside of the
joint with sufficient additional nmortar. |If nortar is not sufficiently
stiff to prevent appreciable slunp before setting, the outside of the joint
shal | be wrapped or bandaged with cheesecloth to hold nortar in place

.4.1.2 Cenent - Mortar QOakum Joi nt for Bell-and- Spigot Pipe

A closely twi sted gasket shall be nade of jute or oakum of the dianeter
required to support the spigot end of the pipe at the proper grade and to
make the joint concentric. Joint packing shall be in one piece of
sufficient length to pass around the pipe and lap at top. This gasket
shal | be thoroughly saturated with neat cenment grout. The bell of the pipe
shal | be thoroughly cleaned with a wet brush, and the gasket shall be laid
in the bell for the lower third of the circunference and covered with
nortar. The spigot of the pipe shall be thoroughly cleaned with a wet
brush, inserted in the bell, and carefully driven home. A small anount of
nortar shall be inserted in the annul ar space for the upper two-thirds of
the circunference. The gasket shall be | apped at the top of the pipe and

driven home in the annular space with a caulking tool. The renmi nder of
the annul ar space shall be filled conpletely with nortar and bevel ed at an
angl e of approximately 45 degrees with the outside of the bell. If nortar

is not sufficiently stiff to prevent appreciable slunp before setting, the
outside of the joint thus nade shall be wapped with cheesecloth. Placing
of this type of joint shall be kept at |east five joints behind |aying
operations.

.4.1.3 Cenent - Mortar Di aper Joint for Bell-and-Spigot Pipe

The pipe shall be centered so that the annular space is uniform The
annul ar space shall be caul ked with jute or oakum Before caul ki ng, the
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i nside of the bell and the outside of the spigot shall be cleaned.

a. Diaper Bands: Diaper bands shall consist of heavy cloth fabric to hold
grout in place at joints and shall be cut in lengths that extend
one-ei ghth of the circunference of pipe above the spring Iine on one
side of the pipe and up to the spring Iine on the other side of the
pi pe. Longitudinal edges of fabric bands shall be rolled and stitched
around two pieces of wire. Wdth of fabric bands shall be such that
after fabric has been securely stitched around both edges on wires, the
wires will be uniformly spaced not |ess than 200 mr 8 inches apart.
Wres shall be cut into I engths to pass around pipe with sufficient
extra length for the ends to be twisted at top of pipe to hold the band
securely in place; bands shall be accurately centered around | ower
portion of joint.

b. Gout: Gout shall be poured between band and pi pe fromthe high side
of band only, until grout rises to the top of band at the spring |line
of pipe, or as nearly so as possible, on the opposite side of pipe, to
ensure a thorough sealing of joint around the portion of pipe covered
by the band. Silt, slush, water, or polluted nortar grout forced up on
the | ower side shall be forced out by pouring, and renoved.

c. Remainder of Joint: The remaining unfilled upper portion of the joint
shall be filled with nortar and a bead forned around the outside of
this upper portion of the joint with a sufficient anmount of additiona
nortar. The diaper shall be left in place. Placing of this type of
joint shall be kept at |east five joints behind actual |aying of pipe.
No backfilling around joints shall be done until joints have been fully
i nspected and approved.

3.4.1.4 Cenent - Mort ar Tongue- and- G- oove Joi nt

The first pipe shall be bedded carefully to the established grade line with
the groove upstream A shallow excavation shall be nmade underneath the
pipe at the joint and filled with nortar to provide a bed for the pipe.

The grooved end of the first pipe shall be thoroughly cleaned with a wet
brush, and a | ayer of soft nortar applied to the Iower half of the groove.
The tongue of the second pipe shall be cleaned with a wet brush; while in
hori zontal position, a |layer of soft mortar shall be applied to the upper
hal f of the tongue. The tongue end of the second pipe shall be inserted in
the grooved end of the first pipe until nortar is squeezed out on interior
and exterior surfaces. Sufficient nortar shall be used to fill the joint
completely and to forma bead on the outside.

3.4.1.5 Cenent - Mortar Di aper Joint for Tongue-and-G oove Pipe

The joint shall be of the type described for cenent-nortar
tongue-and-groove joint in this paragraph, except that the shall ow
excavation directly beneath the joint shall not be filled with nortar unti
after a gauze or cheesecl oth band di pped in cenent nortar has been wr apped
around the outside of the joint. The cenment-nortar bead at the joint shal
be at least 13 nr 1/2 inch, thick and the width of the diaper band shall be
at least 200 mr 8 inches. The diaper shall be left in place. Placing of
this type of joint shall be kept at least five joints behind the actua

l ayi ng of the pipe. Backfilling around the joints shall not be done unti
the joints have been fully inspected and approved.
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3.4.1.6 Pl astic Sealing Conpound Joints for Tongue-and- Grooved Pipe

3.

3

Seal i ng conpounds shall follow the recommendati on of the particul ar
manufacturer in regard to special installation requirenents. Surfaces to
receive lubricants, priners, or adhesives shall be dry and clean. Sealing
conmpounds shall be affixed to the pipe not nore than 3 hours prior to
installation of the pipe, and shall be protected fromthe sun, blow ng
dust, and other deleterious agents at all tinmes. Sealing conpounds shal

be inspected before installation of the pipe, and any | oose or inproperly
af fi xed seal ing conpound shall be renpved and repl aced. The pipe shall be
aligned with the previously installed pipe, and the joint pulled together.
[f, while making the joint with nmastic-type sealant, a slight protrusion of
the material is not visible along the entire inner and outer circunference
of the joint when the joint is pulled up, the pipe shall be renmoved and the
joint remade. After the joint is nmade, all inner protrusions shall be cut
off flush with the inner surface of the pipe. |If non-nmastic-type seal ant
material is used, the "Squeeze-Qut" requirenent above will be waived.

.4.1.7 Fl exi bl e Watertight Joints

Gaskets and jointing materials shall be as recomrended by the particul ar
manufacturer in regard to use of lubricants, cenents, adhesives, and other
special installation requirenments. Surfaces to receive |ubricants,
cenments, or adhesives shall be clean and dry. Gaskets and jointing
materials shall be affixed to the pipe not nore than 24 hours prior to the
installation of the pipe, and shall be protected fromthe sun, blow ng
dust, and other deleterious agents at all times. Gaskets and jointing
materials shall be inspected before installing the pipe; any |oose or

i mproperly affixed gaskets and jointing materials shall be renoved and
repl aced. The pipe shall be aligned with the previously installed pipe,
and the joint pushed hone. If, while the joint is being nmade the gasket
becones visibly dislocated the pipe shall be renmoved and the joint renade.

.4.1.8 External Sealing Band Joint for Noncircular Pipe

Surfaces to receive sealing bands shall be dry and clean. Bands shall be
installed in accordance with manufacturer's recomrendati ons.

4.2 Corrugated Metal Pipe

.4.2.1 Field Joints

EE IR IR R I I R R I I O R R R I R R Sk S R Sk I R I Rk I R R S

NOTE: Delete this paragraph where watertightness is
essenti al

In the text bel ow, delete bracketed sentence,
regarding filling of annular space, except when pipe
750 nm (30 inches) in dianeter and larger is
included in the project. Delete reference to pipe
si ze except when necessary to differentiate from
corrugated netal pipe of less than 750 nm (30 inch)
di ameter which is also included in the project.

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

Transverse field joints shall be designed so that the successive connection
of pipe sections will forma continuous |line free of appreciable
irregularities in the flowline. 1In addition, the joints shall neet the
general perfornmance requirenents described in ASTM A 798/ A 798N. Suitable
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transverse field joints which satisfy the requirenents for one or nore of
the joint perfornmance categories can be obtained with the follow ng types
of connecting bands furnished with suitabl e band-end fastening devices:
corrugat ed bands, bands with projections, flat bands, and bands of specia
desi gn that engage factory refornmed ends of corrugated pipe. The space

bet ween t he pi pe and connecting bands shall be kept free fromdirt and grit
so that corrugations fit snugly. The connecting band, while being

ti ghtened, shall be tapped with a soft-head mallet of wood, rubber or
plastic, to take up slack and ensure a tight joint. [The annular space

bet ween abutting sections of part paved, and fully paved pi pe and pi pe
arch, in sizes 750 mm 30 inches or larger, shall be filled with a

bitum nous material after jointing.] Field joints for each type of
corrugated netal pipe shall naintain pipe alignment during construction and
prevent infiltration of fill material during the life of the

installations. The type, size, and sheet thickness of the band and the
size of angles or lugs and bolts shall be as indicated or where not

i ndi cated, shall be as specified in the applicable standards or
specifications for the pipe

3.4.2.2 Fl exi bl e Watertight, Gasketed Joints

Installation shall be as reconmended by the gasket manufacturer for use of
[ ubricants and cements and ot her special installation requirements. The
gasket shall be placed over one end of a section of pipe for half the width
of the gasket. The other half shall be doubled over the end of the sane
pi pe. Wen the adjoining section of pipe is in place, the doubl ed-over
hal f of the gasket shall then be rolled over the adjoining section. Any
unevenness in overlap shall be corrected so that the gasket covers the end
of pipe sections equally. Connecting bands shall be centered over
adj oi ni ng sections of pipe, and rods or bolts placed in position and nuts
tightened. Band Tightening: The band shall be tightened evenly, even
tensi on being kept on the rods or bolts, and the gasket; the gasket shal
seat properly in the corrugations. Watertight joints shall remain
uncovered for a period of tine designated, and before being covered,
tightness of the nuts shall be nmeasured with a torque wrench. |f the nut
has tended to | oosen its grip on the bolts or rods, the nut shall be
retightened with a torque wrench and renain uncovered until a tight,
permanent joint is assured

3.5 DRAI NAGE STRUCTURES
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NOTE: Coordi nate w th paragraph M SCELLANECUS
MATERI ALS

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

3.5.1 Manhol es and Inlets

E Rk bk S S Sk S Rk I O SR I R R O S O

NOTE: Prepare the required paragraph or section
covering the essential requirenents for reinforced
concrete inlet construction and insert the required
reference to the paragraph or section prepared to
cover these itens.

Delete the requirement for flexible watertight
connectors (last sentence) when a watertight
connection between pipe and manholes and inlets is
not required.
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Construction shall be of reinforced concrete, plain concrete, brick,
precast reinforced concrete, precast concrete segnental bl ocks,
prefabricated corrugated netal, or bitum nous coated corrugated netal;
conplete with franes and covers or gratings; and with fixed gal vani zed
steel | adders where indicated. Pipe studs and junction chanbers of
prefabricated corrugated netal manhol es shall be fully bitum nous-coated
and paved when the connecting branch lines are so treated. Pipe
connections to concrete manholes and inlets shall be nmade with flexible,
wat erti ght connectors.

3.5.2 Wal | s and Headwal | s

Rk Ik kb I IR R R I kO e S R R ARk Rk R Rk O ok O O kR SRR I b R R R o

NOTE: Dry-stone nmasonry nay be specified and used
for crib construction and/or sloping retaining walls
that will sustain little or no earth pressure.

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

Construction shall be as indicated.
3.6 STEEL LADDER | NSTALLATI ON

Ladder shall be adequately anchored to the wall by nmeans of steel inserts
spaced not nore than 1.83 m 6 feet vertically, and shall be installed to
provide at least 152 mr 6 i nches of space between the wall and the rungs.
The wall along the line of the |adder shall be vertical for its entire

| engt h.

3.7 BACKFI LLI NG

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 thickness of layers of backfill and the
degree of conpaction required to prevent undesirable
settl enent should be deternined by soil conditions
and the job conpaction requirenents. Wen rigid
pipe is to be placed under high fills, the inperfect
trench method of installation may be specified.

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

3.7. 1 Backfilling Pipe in Trenches

After the pipe has been properly bedded, selected material from excavation

or borrow, at a noisture content that will facilitate conpaction, shall be
pl aced al ong both sides of pipe in layers not exceeding 150 mr 6 inches in
conpacted depth. The backfill shall be brought up evenly on both sides of

pipe for the full Iength of pipe. The fill shall be thoroughly conpacted
under the haunches of the pipe. Each |ayer shall be thoroughly conpacted
wi th mechani cal tanpers or ramrers. This nethod of filling and conpacting
shall continue until the fill has reached an el evation equal to the
m dpoint (spring line) of RCP or has reached an el evation of at |east 300 mMm
12 inches above the top of the pipe for flexible pipe. The renainder of
the trench shall be backfilled and conpacted by spreading and rolling or
conpact ed by mechani cal ranmers or tanpers in layers not exceeding [
nr i nches. Tests for density shall be nade as necessary to ensure
conformance to the conpaction requirements specified below \here it is
necessary, in the opinion of the Contracting Oficer, that sheeting or
portions of bracing used be left in place, the contract will be adjusted
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accordingly. Untreated sheeting shall not be left in place beneath
structures or pavenents.

.7.2 Backfilling Pipe in Fill Sections

For pipe placed in fill sections, backfill material and the placenent and
conpacti on procedures shall be as specified below The fill naterial shal
be uniformy spread in layers longitudinally on both sides of the pipe, not
exceedi ng 150 mr 6 inches in conpacted depth, and shall be conpacted by
rolling parallel with pipe or by nechanical tanping or ranmng. Prior to
commenci ng normal filling operations, the crown width of the fill at a

hei ght of 300 nmm 12 inches above the top of the pipe shall extend a

di stance of not less than twi ce the outside pipe dianmeter on each side of
the pipe or 4 m 12 feet, whichever is less. After the backfill has reached
at least 300 mr 12 inches above the top of the pipe, the remainder of the
fill shall be placed and thoroughly conpacted in |ayers not exceeding
[ ] mr inches. Use select granular material for this entire region of
backfill for flexible pipe installations.

. 7.3 Moverrent of Construction Machi nery

When conpacting by rolling or operating heavy equi pnent parallel with the
pi pe, displacenent of or injury to the pipe shall be avoided. Movenent of
construction machinery over a culvert or stormdrain at any stage of
construction shall be at the Contractor's risk. Any damaged pipe shall be
repaired or replaced.

. 7.4 Conpacti on
.7.4.1 Ceneral Requirenents

Cohesi onl ess material s include gravels, gravel-sand nixtures, sands, and
gravelly sands. Cohesive materials include clayey and silty gravels,

gravel -silt mxtures, clayey and silty sands, sand-clay m xtures, clays,
silts, and very fine sands. When results of conpaction tests for

noi sture-density relations are recorded on graphs, cohesionless soils wll
show straight |ines or reverse-shaped noi sture-density curves, and cohesive
soils will show normal mpisture-density curves.

.7.4.2 M ni mum Density

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

NOTE: For culverts or stormdrains installed
beneat h structures (including enbanknents) that have
critical stability requirements or settl enent
limtations, the maxi numdensity requirenments should

be increased as necessary. |If only a cohesive soi
or only a cohesionless material will be used as
backfill, the inapplicable value will be del eted.

Rk bk bk R IR R R Sk O O e S R S AR Rk R R Rk I ok O kI R R I O b I R

Backfill over and around the pipe and backfill around and adjacent to
drai nage structures shall be conpacted at the approved noisture content to
the follow ng applicable mninumdensity, which will be determ ned as

speci fied bel ow
a. Under airfield and heliport pavenents, paved roads, streets, parking

areas, and simlar-use pavenents including adjacent shoul der areas, the
density shall be not |ess than 90 percent of maxi nrum density for
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3.

cohesive material and 95 percent of maxi mum density for cohesionl ess
material, up to the elevation where requirenments for pavenent subgrade
mat eri al s and compacti on shall control

b. Under unpaved or turfed traffic areas, density shall not be | ess than
90 percent of maxi mum density for cohesive material and 95 percent of
maxi mum density for cohesionless materi al

c. Under nontraffic areas, density shall be not less than that of the
surroundi ng materi al

7.5 Deterni nation of Density

Testing is the responsibility of the Contractor and performed at no
additional cost to the Government. Testing shall be performed by an
approved comrercial testing | aboratory or by the Contractor subject to
approval. Tests shall be perforned in sufficient nunber to ensure that
specified density is being obtained. Laboratory tests for npisture-density
relati ons shall be made in accordance with ASTM D 1557 except that
mechani cal tampers may be used provided the results are correlated with
those obtained with the specified hand tanper. Field density tests shal

be determ ned in accordance with ASTM D 2167 or ASTM D 6938. When

ASTM D 6938 is used, the calibration curves shall be checked and adj usted,

i f necessary, using the sand cone nethod as described in paragraph

Cal i bration of the referenced publications. ASTM D 6938 results in a wet
unit weight of soil and ASTM D 6938 shall be used to determ ne the noisture
content of the soil. The calibration curves furnished with the noisture
gauges shall be checked along with density calibration checks as descri bed
in ASTM D 6938. Test results shall be furnished the Contracting Oficer
The calibration checks of both the density and noi sture gauges shall be
nmade at the beginning of a job on each different type of nateria
encountered and at intervals as directed.

8 Pl PELI NE TESTI NG

8.1 Leakage Tests

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: VWhen the quantity of pipe required for a
project is so small that the provisions for testing
and certification of watertightness of joints
appears to be economically unfeasible, such

provi sions shoul d be del et ed.

Sel ect appropriate | eakage rate.

Del et e paragraph when watertight joints are not
required.
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Li nes shall be tested for |eakage by | ow pressure air or water testing or
exfiltration tests, as appropriate. Low pressure air testing for vitrified
clay pipes shall conformto ASTM C 828. Low pressure air testing for
concrete pipes shall conformto ASTM C 924N ASTM C 924. Low pressure air
testing for plastic pipe shall conformto ASTM F 1417. Low pressure air
testing procedures for other pipe materials shall use the pressures and
testing tines prescribed in ASTM C 828 or ASTM C 924N ASTM C 924, after
consultation with the pipe manufacturer. Testing of individual joints for

| eakage by | ow pressure air or water shall conformto ASTM C 1103V
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ASTM C 1103. Prior to exfiltration tests, the trench shall be backfilled
up to at least the lower half of the pipe. |If required, sufficient
addi ti onal backfill shall be placed to prevent pipe nmovenent during
testing, leaving the joints uncovered to permt inspection. Visible |eaks
encountered shall be corrected regardl ess of | eakage test results. Wen
the water table is 600 m 2 feet or nore above the top of the pipe at the
upper end of the pipeline section to be tested, infiltration shall be
nmeasured using a suitable weir or other device acceptable to the
Contracting Officer. An exfiltration test shall be made by filling the
line to be tested with water so that a head of at |least 600 mr 2 feet is
provi ded above both the water table and the top of the pipe at the upper
end of the pipeline to be tested. The filled Iine shall be allowed to
stand until the pipe has reached its maxi mum absorption, but not |ess than
4 hours. After absorption, the head shall be reestablished. The amount of
water required to maintain this water |level during a 2-hour test period
shal | be neasured. Leakage as neasured by the exfiltration test shall not
exceed [60 liters per nmin dianeter per kiloneter 250 gallons per inch in
dianeter per mle of pipeline per day] [9 nL per mmin dianeter per 100
neters 0.2 gallons per inch in dianeter per 100 feet of pipeline per

hour]. When | eakage exceeds the maxi mum anmount specified, satisfactory
correction shall be made and retesting acconplished.

8.2 Def |l ection Testing

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

NOTE: Delete this paragraph when no flexible piping
has been allowed for the project. Specify only when
warrant ed by scope or size of project or when a high
degree of watertightness is required.

Del ete for all LANTNAVFACENGCOM proj ects.
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No sooner than 30 days after conpletion of installation and final backfill,
an initial post installation inspection shall be acconplished. Cean or

flush all lines prior to inspection. Performa deflection test on entire
length of installed flexible pipeline on conpletion of work adjacent to and
over the pipeline, including | eakage tests, backfilling, placenment of fill,

gradi ng, paving, concreting, and any other superinposed |oads. Deflection
of pipe in the installed pipeline under external |oads shall not exceed
limts in paragraph PLACI NG Pl PE above as percent of the average inside

di aneter of pipe. Determ ne whether the allowabl e deflection has been
exceeded by use of a laser profiler or mandrel.

a. Laser Profiler Inspection: |If deflection readings in excess of the
al | owabl e defl ection of average inside dianeter of pipe are obtained,
renove pi pe which has excessive deflection, and replace with new pi pe.
Initial post installation inspections of the pipe interior with |aser
profiling equi pnent shall utilize low barrel distortion video equi pnent
for pipe sizes 1.22 m 48 inches or less. Use a canera with lighting
suitable to allow a clear picture of the entire periphery of the pipe
interior. Center the canera in the pipe both vertically and
hori zontally and be able to pan and tilt to a 90 degree angle with the
axis of the pipe rotating 360 degrees. Use equi pnent to nove the
canera t hrough the pipe that will not obstruct the camera's view or
interfere with proper docunentation of the pipe's condition. The video
i mge shall be clear, focused, and relatively free fromroll static or
other inage distortion qualities that would prevent the reviewer from
eval uating the condition of the pipe. For initial post installation
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8.3

One

i nspections for pipe sizes larger than 1.22 nm 48 inches, visua
i nspection shall be conpleted of the pipe interior

Pul | - Through Devi ce I nspection: Pass the pull-through device through
each run of pipe by pulling it by hand. |If deflection readings in
excess of the allowabl e deflection of average inside dianeter of pipe
are obtained, retest pipe by a run fromthe opposite direction. If
retest continues to show excess all owabl e defl ections of the average
i nsi de dianeter of pipe, renove pi pe which has excessive deflection
repl ace with new pipe, and conpletely retest in sanme manner and under
sanme conditions. Pull-through device: The nmandrel shall be rigid,
nonadj ust abl e having a m nimum of 9 fins, including pulling rings at
each end, engraved with the nom nal pipe size and mandrel outside

di ameter. The mandrel shall be 5 percent |less than the
certified-actual pipe dianeter for Plastic Pipe, 5 percent |ess than
the certified-actual pipe dianeter for Corrugated Steel and Al um num
Al loy, 3 percent less than the certified-actual pipe dianeter for
Concrete-Lined Corrugated Steel and Ductile Iron Cul vert provided by
manuf acturer. \Wen nandrels are utilized to verify deflection of
flexible pipe products, the Government will verify the mandrel OD

t hrough the use of proving rings that are manufactured with an opening
that is certified to be as shown above.

Def |l ecti on neasuring device: Shall be approved by the Contracting
Oficer prior to use.

Warranty period test: Pipe found to have a deflection of greater than
al | owabl e defl ection in paragraph PLACI NG Pl PE above, just prior to end
of one-year warranty period shall be replaced with new pi pe and tested
as specified for | eakage and deflection. |nspect 100 percent of al

pi pe systens under the travel lanes, including curb and gutter. Random
i nspections of the remaining pipe systemoutside of the travel I|anes
shall represent at |east 10 percent of the total pipe footage of each
pi pe size. |Inspections shall be made, depending on the pipe size, with
vi deo canera or visual observations. |In addition, for flexible pipe
installations, performdeflection testing on 100 percent of all pipes
under the travel lanes, including curb and gutter, with either a |aser
profiler or 9-fin mandrel. For flexible pipe, random defl ection

i nspections of the pipe systemoutside of the travel |anes shal
represent at |east 10 percent of the total pipe footage of each pipe
size. Wen mandrels are utilized to verify deflection of flexible pipe
products during the final post installation inspection, the Governnent
will verify the nandrel OD through the use of proving rings.

Post-Installation Inspection

hundred percent of all reinforced concrete pipe installations shall be

checked for joint separations, soil migration through the joint, cracks
greater than 0.25 mm 0.01 inches, settlenent and alignnment. One hundred
percent of all flexible pipes (HDPE, PVC, CWP) shall be checked for rips,
tears, joint separations, soil mgration through the joint, cracks,

| ocal i zed bucking, bul ges, settlenent and alignnent.

a.

Repl ace pi pes having cracks greater than 2.5 nmr 0.1 inches in width or
deflection greater than 5 percent deflection. An engineer shal

eval uate all pipes with cracks greater than 0.25 mr 0.01 i nches but
less than 2.5 mm 0.10 inches to determine if any remedi ation or repair
is required. RCP with crack width less than 2.5 mr 0.10 i nches and

| ocated in a non-corrosive environnent (pH 5.5) are generally
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3.

acceptable. Repair or replace any pipe with crack exhibiting
di spl acement across the crack, exhibiting bul ges, creases, tears,
spal I's, or del am nati on.

b. Reports: The deflection results and finial post installation
i nspection report shall include: a copy of all video taken, pipe
| ocation identification, equiprment used for inspection, inspector nane,
devi ation from desi gn, grade, deviation fromline, deflection and
deformation of flexible pipe systens, inspector notes, condition of
joints, condition of pipe wall (e.g. distress, cracking, wall damage
dents, bul ges, creases, tears, holes, etc.).

9 FI ELD PAI NTI NG

[After installation, clean cast-iron frames, covers, gratings, and steps
not buried in nmasonry or concrete to bare nmetal of nortar, rust, grease,
dirt, and other deleterious materials and apply a coat of bitum nous
paint.] [After installation, clean steel covers and steel or concrete
franmes not buried in masonry or concrete to bare metal of nortar, dirt,

grease, and other deleterious materials. Apply a coat of prinmer, [__ 1,
toamnimmdry filmthickness of [ ] m¥ ml; and apply a top coat,
[ ] toamninumdry filmthickness of [ ] mr mils, color

optional. Painting shall conformto Section 09 90 00 PAI NTS AND
COATINGS.] Do not paint surfaces subject to abrasion.

-- End of Section --
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