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PART 1—GENERAL
1.1—Scope

LL1 This specification covers construction of earth-
supported cast-in-place concrete pipe (CIPCP). This specifi-
cation covers construction of CIPCP with a diameter up to
120 in.

1.1.2 CIPCP shall conform to ACI 301, Section 1 for
general concrete requirements, Section 4 for concrete
mixture design, and Section 5 for concrete handling or as
specified in Contract Documents.

1.2--Definitions
This list supplements ACI 301, Section 1.2. Defined for

general use in these specifications are the following:
backfill—fill starting at top of pipe and continuing to
surface or finished grade or subgrade.
boulders—rocks having any dimension larger than 12 in.
Contract Documents—a set of documents supplied by
Owner to Contractor as the basis for construction; these
documents contain contract forms, contract conditions,
specifications, drawings, addenda, and contract changes.
differential displacement—linear offset distance between
two pieces of pipe measured along plane of crack.
earth—soil or rock other than flowable granular materials.
Jetting—water densification of backfill accomplished by
the use of a jet pipe to which a hose is attached, carrying a
continuous supply of water under pressure to the lift of
backfill material to be densified.

ACI 346-09 supersedes ACI 346-01 and was adopted and published Angust 2009.
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metal finish—finish imparted to interior of pipe by
casting machine and hand-troweling devices manufactured
from metal.

offset tolerances—difference in pipe thickness, trans-
verse and longitudinal, resulting from metal form used in
casting process.

over excavation—process by which material unsuitable
for CIPCP is removed and replaced with engineered fill prior
to trench excavation.

pipe haunch—ither side of pipe, extending to a point
vertically approximately 25 degrees above springline.

repair—process by which cracks and defects in concrete
surfaces are corrected to bring pipe into conformance with
this specification.

sensitive clays—clays with an undisturbed strength that is
at least 10 times greater than remolded or reworked strength.

soffit—uppermost portion of inside cross section of pipe.

trench—an excavation in ground engineered for placement
of pipe.

trench form—semicircular bed of trench shaped to provide
full, firm, and continuous support throughout the bottom of
the pipe from pipe haunch to pipe haunch.

trench form envelope—area of soil adjacent to and under
pipe, required to provide lateral support and bedding support
needed for CIPCP.

trench grade—design invert elevation minus wall
thickness of pipe.

1.3—Referenced standards
1.3.1 ACI standards

301-05 Standard Specifications for Structural Concrete
1.3.2 ASTM standards .

A615-03  Standard Specification for Deformed and Plain
Billet-Steel Bars for Concrete Reinforcement

C171-07  Standard Specification for Sheet Materials for
Curing Concrete

C309-07  Standard Specification for Liquid Membrane-
Forming Compounds for Curing Concrete

C497-05 Standard Test Methods for Concrete Pipe,

Manhole Sections, or Tile

D698-07¢! Standard Test Methods for Laboratory Compac-
tion Characteristics of Soil Using Standard
Effort (12,400 ft-Ibf/ft3 (600 kKN-m/m>))

1.4—S8ystem description _
CIPCP shall be constructed underground as a continuous

concrete conduit that has no steel reinforcement or seams
except as specified. CIPCP is used to convey irrigation
water, storm water, or industrial waste under a maximum
internal operating head of 15 ft and external loads as subse-
quently discussed.

1.5—Submittals

1.5.1 Pipe geometry reports—Pipe dimensions shall be as
specified in Table 1.5.1. When a design differs from
Table 1.5.1, provide a pipe geometry report. Report shall
specify inside and outside dimensions and include minirmum

Table 1.5.1—Pipe dimensions

Pipe diameter, in. Wall thickness, in,

24,27, and 30 3
36 35
42
48 5
54 55
60 6
66 6.5
72 7
78 15
84 8
90 85
96 9
102 10
108 10.5
114 11
120 12

wall thickness and additional sacrificial thickness needed for
abrasion.

1.5.2 Concrete mixfure—Subnit a concrete mixture report
as specified in ACI 301.

1.5.3 Test reports—Submit a test report of results and
recommendations when load testing, as specified in 3.4.1, or
hydrostatic testing, as specified in 3.4.2, is required in’
Contract Documents.

1.5.4 Sealants—Submit sealant material when repair of
circumferential cracks as specified in 3.3.2, or longitudinal
cracks as specified in 3.3.3, is required in Contract Documents.

1.5.5 Quality assurance—Submit a quality assurance plan
that addresses pipe geometry, concrete mixture, concrete
curing process, geotechnical conditions, test reports, and
repair methods as required by the Contract Documents.

PART 2—PRODUCTS
2.1—Materials ‘

2.1.1 Concrete

2.1.1.1 Slump-—Slump shall be within limits shown in
Table 2.1.1.1.

2.1.1.2 Compressive strength—f,' shall not be less than
4000 psi except for irrigation pipe, which shall not be less
than 3000 psi, unless specified otherwise. _

2.1.1.3 Sulfate resistance—When sulfate resistance is
required, the concrete mixture shall be proportioned as
specified in the Contract Documents.

2.1.2 Reinforcement dowel-—Dowel shall be ASTM A615
Grade 40 or greater.

2.1.3 Sealant—Chemically cured elastomeric material as
specified in the Contract Documents.

2.1.4 Polyethylene film—Polyethylene film complying
with ASTM C171 with the exception, nominal thickness of
0.0015 in.

2.1.5 Curing compound-—-Pigmented membrane curing
compound shall conform to ASTM C309.
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Table 2.1.1.1—Slump requirements

Table 3.2.1.4—O0ffset tolerances

Pipe diameter Slomp Pipe diameter Allowable offsets
Less than 42 in. 2-1/2 % 1-1/2 in. Less than 42 in, 1/2 in,
42t 72 in. 2-1/2 £ 1in. 42 to 72 in. 3/4 in.
Greater than 72 in. 2+12in. Greater than 72 in. 1in.

PART 3—EXECUTION
3.1—Preparation
3.1.1 Trench

3.1.1.1 Excavation—Excavate trench to establish grade
and alignment. Trench shall be shaped to outside diarmneter of
pipe to provide trench form. Trench form shall provide a full,
firm, and continuous support by undisturbed earth, rock, or
compacted fill. Trench form shall be stable and free of
protrusions, mud, debris, and running water. Maintain trench
form moisture in a manner such that water does not escape
the wet concrete. Remove boulders projecting into the trench
to at Jeast 6 in. beyond trench form. Fill the resulting void in
accordance with 3.1.1.3 or with concrete.

3.1.1.2 Unstable soils—Stabilize or over excavale
noncohesive, unstable strata, or lenses of loose sand, silt, or
other noncohesive soils within trench form. Reconstruct as
engineered fill.

3.1.1.2.a Sensitive clays in trench form shall be

stabilized or over excavated and trench form reconstructed
as engineered fill. .

3.1.1.3 Trench repair—Reconstitute the grade by filling
" voids with sand, pea gravel, crushed rock, or noncohesive
soil. Compact material used to reconstitute the grade to a
minimum of 95% maximum dry density in accordance with
ASTM D698, unless specified otherwise.

3.1.1.4 Backfill material—In-place backfill material
shall meet compaction requirement, as specified in Contract
Documents.

3.2—Construction
3.2.1 Tolerances and geometry
3.2.1.1 Horizontal and vertical alignment
3.2.1.1.a Grade—Departure from and return to a grade
shall not exceed 1 in. per 10 linear ft. Maximum departure
shall be limited to 1-1/2 in.
3.2.1.1.b Alignment—Departure from and return to

established alignment shall not-exceed 2 in. per 10 linear ft.
Maximum departure shall be limited to 4 in.

3.2.1.2 Wall thickness—Wall thickness shall be as
shown -in Table 1.5.1. Grade and alignment shall be
controlled so that pipe wall thickness is uniform. Wall thick-
ness tolerance is —0 and +0.07 the inside diameter.

3.2.1.3 Pipe diameter iolerances—inside diameter of
pipe at any point shall not be less than 98% of design diameter.

3.2.1.4 Offser 1olerances—Offset tolerances shall be as
indicated in Table 3.2.1.4,

3.2.2 Concrete placement

3.2.2.1 Placement method—Construct the pipe mono-
lithically. Concrete shall be vibrated, rammed, tamped, or
worked until thoroughly consolidated. Sufficiently wet soil

adjacent to the pipe so that it does not absorb water from the
concrete or expand upon additional wetting.
3.2.2.2 Construction joint
3.2.2.2.a Cold joint—At the end of concrete placement
or any stoppage requiring a casting machine to pull away
from pipe construction, leave the pipe end in a rough condition
at a slope of approximately 45 degrees from soffit to invert,
with 24 in. long No. 4 reinforcement dowels embedded
around the pipe circumference as specified. Place the dowels
at 12 in. intervals for pipe sizes up to 72 in. in diameter and
at 18 in. intervals for pipe sizes 78 to 120 in. in diameter. Within
30 minutes before pipe casting resumes, thoroughly clean the
pipe end surface of foreign materials, coatings, and loose or
defective concrete and thoroughly wet the surface. Cast a tie-in
cap over the joint across the top of pipe from trench wall to
trench wall. The tie-in cap shall be a minimum length of 24 in.
and centered over the joint. Thickness shall be 1.5 times the wall
thickness, as indicated in Table 1.5.1.
3.2.2.2.b Collar—Make the joint for connections to
another pipe or structure by squaring off the end of the
CICIP. Excavate the trench form along the sides and bottom
of pipe to permit casting of concrete collar. Collar shall be a
minimum length of 24 in. and centered on joint. Collar thick-
ness shall be 1.5 times wall thickness shown in Table 1.5.1.
Collar shall extend around the full circumference of pipe.
3.2.2.3 Finish—Interior surface of pipe shall receive a
metal finish.
3.2.3 Curing, backfilling, and cleanup
3.2.3.1 Curing—Use onc of the methods specified in
3.2.3.2 for exterior curing and use the method specified in
3.2.3.3 for interior curing of the pipe.
3.2.3.2 Exterior curing—The pipe shall be cured by
polyethylene film or pigmented membrane-curing methods.
3.2.3.2.a Polyethylene film curing method—Place
polyethylene film on exposed top surface immediately after
pipe is cast.-Anchor the film in place to ensure continuous,
adequate curing.
3.232b  Pigmented membrane-curing compound
method—Apply membrane-curing compound to exposed
exterior surfaces immediately after the pipe is cast. Apply
compound at no less than 1 gal. for each 150 ft% of exposed
concrete.
3.2.3.3 Interior curing—Humid atmosphere within pipe
shall be maintained for at least 7 days following concrete place-
ment. Measures shall be taken to prevent air drafts from drying
pipe. Pipe end openings shall be covered, but not scaled.
3.2.3.4 Backfill operations—Backfill operations shall
not begin until concrete attains a compressive strength of
2500 psi.
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3.2.3.4.a First lift over pipe shall be not less than 2 ft
or more than 3 ft before compaction. Backfill material shall
be free of all organic material, rubbish, and debris. Backfill
shall be mechanically compacted. Jetting shall not be
permitted. Second and subsequent lifts shall be placed in
horizontal layers of thickness compatible to material being
placed and type of equipment used to achieve required
compaction specified in 3.1.1.4.

3.2.3.4.b Controlled low-strength material (CLSM)
may be used as backfill.

3.3—Repair

3.3.1 Crack repair—Crack repair shall not be made until
completion of backfill. Determine crack width by penetration to
more than 0.25 in. of a standard machinist gauge leaf defined
in ASTM C497.

3.3.2 Circumferential cracks—Circumferential cracks
0.01 in. or less in width shall not require treatment. Cracks
greater than 0.01 in. in width and less than 0.05 in. in width
shall be cleaned and filled with cement mortar. Cracks
0.05 in. in width and greater shall be cleaned and filled with
a sealant, unless specified otherwise.

3.3.3 Longitudinal cracks—ILongitudinal cracks more
than 0.01 in, in width and less than 0.0005 multiplied by
outside diameter shall be cleaned and filled with mortar or a
scalant.

3.3.3.1 Longitudinal cracks having differential displace-
ment greater than 0.08 in. or width greater than 0.0005 when
multiplied by outside diameter shall be repaired by full-
depth epoxy pressure grouting as specified in Contract
Documents.

3.4—Field quality control
341 Load tests—Perform load tests as specified in
Contract Documents. Test load applied to the top of pipe
shall be at least 125% of the maximum earth load plus live
load to which pipe will be subjected. Inspect pipe before and
after load testing. Load tests shall be made without
disturbing earth supporting trench form of pipe. Apply test
load in accordance with 3.4.1.1 or 3.4.1.2,
3.4.1.1 Sandbox test—Load shall be applied to a 4 ft
length of pipe through a sandbox in such a manner that sand
forms a bedding over 1/4 of the pipe circumference,
measured and centered over the crown. A sandbox shall be
made of metal or dressed timber so heavy as to maintain
constant soil pressure. A strip of cloth or plastic film may be
attached to inside of the sandbox on each side, along the
lower edge, to prevent the escape of sand between sandbox
and pipe. Bedding depth above pipe at the thinnest point
shall be 1/4 inside diameter of pipe. The sandbox shall not
contact pipe or sides of trench. Fill sandbox with clean sand
containing no less than 5% moisture and passing a No. 4
sieve. Upper surface of sand shall be leveled with a straight
edge and covered with a rigid top-bearing plate. Lower
surface of plate shall be a true plane made of heavy timbers
or other rigid material capable of distributing test load
uniformly. Test load shall be applied to bearing plate by
piling weights directly on the bearing plate or by moving

heavy equipment of predetermined weight onto the bearing
plate. Bearing plate shall not be in contact with sandbox.
3.4.1.2 Wheel load test—A wheel load equivalent to test

load shall be applied to pipe. Maintain 2 ft of compacted fill
between pipe and wheel load.

3.4.2 Hydrostatic test—As specified by Contract Documents,
a hydrostatic test shall be made on completed pipe any time
after concrete has reached design strength. Default head is
6 ft, unless specified otherwise in Contract Documents.
Pipeline shall be filled with water to specified head above
inside pipe crown and kept filled for a minimum of 48 hours
before test. Line may be filled in one length or between bulk-
heads or structures. Water used shall have a temperature
above 50 °F. Test shall be for 4 hours. Filtration rate shall not
exceed 1000 gal./in. diameter/ntile/24 hours.

3.4.3 Trench grade—Trench grade shall be constructed
using electronically guided equipment.

{(nonmandatory portion follows)

NOTES TO SPECIFIER
General notes

G1. ACT Specification 346 is to be used by reference or
incorporation in its entirety in the Project Specification. Do
not copy individual Sections, Parts, Articles, or Paragraphs
into the Project Specification, because taking them out of
context may change their meaning.

G2. If Sections or Parts of ACI Specification 346 are’
copied into the Project Specification or any other document,
do not refer to them as an ACI Specification, because the
specification has been altered.

G3. A statement such as the following will serve to make
ACT Specification 346 a part of the Project Specification:

“Work on (Project Title) shall conform to all requirements
of ACI 346-09, ‘Specification for Cast-in-Place Concrete
Pipe,’ published by the American Concrete Institute, Farm-
ington Hills, Michigan, except as modified by these
Contract Documents.”

G4. Each technical Section of ACI Specification 346 is
written in the three-part Section format of the Construction
Specifications Institute, as adapted for ACI requirements.
The language is imperative and terse. '

G5, ACI Specification 346 is written to the Contractor,
When a provision of this specification requires action by the
Contractor, the verb “shall” is used. If the Contractor is
allowed to exercise an option when limited alternatives are
available, the phrasing “either...or...” is used. Statements
provided in the specification as information to the Contractor
use the verbs “may” or “will.” Informational statements typi-
cally identify activities or options that “will be taken” or
“may be taken” by the Owner or Architect/Engineer.

FOREWORD TO CHECKLISTS
F1. This foreword is included for explanatory purposes
only; it is not a part of ACI Specification 346.
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F2. ACI Specification 346 may be referenced by the
Specifier in the Project Specification for any building
project, together with supplementary requirements for the
specific project. Responsibilities for project participants
must be defined in the Project Specification. ACI Specifi-
cation 346 cannot and does not address responsibilities for
any project participant other than the Contractor.

F3. Checklists do not form a part of ACI Specification 346.
Checklists assist the Specifier in selecting and specifying
project requirements in the Project Specification.

F4. The Mandatory Requirements Checklist indicates
work requirements regarding specific qualities, procedures,
materials, and performance criteria that are not defined in
ACI Specification 346. The Specifier must include these
requirements in the Project Specification.

F5. The Optional Requirements Checklist identifies Specifier
choices and alternatives. The checklist identifies the
Sections, Parts, and Articles of ACI Reference Specification
346 and the action required or available to the Specifier. The
Specifier should review each of the items in the Checklist
and make adjustments to the needs of a particular project by
including those selected alternatives as mandatory require-
ments in the Project Specification.

F6. The Submittals Checklist identifies information or
data to be provided by the Contractor before, during, or after
construction.

F7. Recommended References—Documents and publications
that are referenced in the Checklists of ACI Specification
346 are listed below. These references provide guidance to
the Specifier and are not considered to be part of ACI
Specification 346.

ASTM International

D1557-07 Standard Test Methods for Laboratory Compaction
Characteristics of Soil Using Modified Effort
(56,000 f/Ibf/At> (2,700 kN-m/m))

The above publication may be obtained from the following
organization:

ASTM International
100 Barr Harbor Drive
West Conshohocken, PA 19428

WWW.astm.org

MANDATORY REQUIREMENTS CHECKLIST

Section/Part/Article

in ACI 346 (in ACI 301) | Notes to Specifier

1.1.2 Cast-in-place concrete pipe (CIPCP) does not require structural reinforcing steel and, therefore, Table 4.2.2.6

(4.2.2.6) of ACI 301 is not applicable.

1.1.2;2.1.1.3 When sulfate resistance is required, specify degree of protection required in Contract Documents.

(4.2.2.7)

1.1.2 Specify concrete strength if different than default.

(4.2.2.9)

1.1.2 5.3.1.4 is not applicable to CIPCP.

(5.3.1.4)

3114 Backfill material and compaction shall be as specified in the Contract Documents.

3221 Trench form moisture.

OPTIONAL REQUIREMENTS CHECKLIST

Section/Part/Article Notes to Specifier

2.1.12 Default strength is 4000 psi., Iirigation pipe may be 3000 psi.

3112 When over-excavation of trench form is required, width and depth of trench form shall be specified.

3.1.1.3 May use 95% ASTM D698.

332 Where pipe function does not require repair of circomferential cracks, specify “circumferential crack
repair not required in Contract Documents.”

3.4.1 When load test is desired, specify requirement in Contract Documents.

342 When a hydrostatic test is desired, specify the requirement in Contract Documents. Default head is 6.0 ft measured
from pipe soffit.
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SUBMITTALS CHECKLIST
Section/Part/Article Notes to Specifier
1.5.1 Pipe geometry report.
1.5.2 Mixture proportions.
1.5.3 If specified by Optional Checklist Item 3.4.1 or 3.4.2, provide test report.
1.5.4 Sealant material.
1.5.5

QA program confirm compliance with project documents. Provide geotechnical report to confirm soil
conditions and confirm competency for CIPCP.
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CHAPTER 1—INTRODUCTION
1.1—General description

Cast-in-place pipe, as considered here, is an underground
continuous nonreinforced concrete conduit having no joints
or seams except as necessitated by construction require-
ments. It is intended for use to convey irrigation water,
storm water, sewage, or industrial waste under a maximum
internal operating head of 15 ft (45 kPa) and external loads
as subsequently discussed. Construction specifications are
contained in ACI 346. .

The pipe is cast in a previously excavated trench which
has a semicircular bottom and vertical or near-vertical side
walls. See Fig. 1.1 for typical section of cast-in-place con-
crete pipe. Concrete is usually delivered to the trench from
transit-mix trucks.

The outside lower portion of the pipe is formed by the
trench and the corresponding inside is formed by a
specially designed slipform commonly called a boat or
sled, or a more complex slipform machine. The inside of

Copyright © 1990 American Concrete Institute. All rights reserved including rights
of reproduction and use in any forin or by any means, including the making of copies
by any photo process, or by any electronic or mechanical device, printed, written, o1
oral, or recording for sound or visual reproduction or for use in any knowledge o1
retrieval system or device, unless permission in writing is obtained from the copyright
proprietors.

The 1990 revisions consisted of minor changes throughout this document and the
addition of a new Chapter 6.
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Minimumm thickness, 1, /s I//z diamefer plus '/z inch.
Thickness of- sides normdally varies from t plus
34 in 1o t plus 2in (210 5cm) depending
on size of pipe.

Fig. 1.1 — Typical section; 12-120 in. (305-3050 mm)
cast-in-place concrete pipe.

the remainder of the pipe is formed either by metal forms
or a pneumatically inflated form. The finished bore of the
pipe is circular except for minor structural deformation and
surface imperfections, as allowed in Chapter 5 of the
specifications.

Cast-in-place pipe has been built in diameters of 12 -to
120 in. (305 mm to 3050 mm) generally in 6 in. (150 mm)
increments. Where the process requires access to the inside
for removal of metal forms, the smallest practical diameter
is about 24 in. (610 mm). The inflatable inner form, how-
ever, can be removed from 12 in. (305 mm) plpe and has
been used successfully up to a diameter of 84 in. (2135
mm).

Cast—m-place pipe has been used for agricultural purposes
in the San Joaquin Valley of California for more than 40
yrs. In recent years, this type of pipe has been used in other
states and countries and its application has been broadened
to include sanitary, storm, and industrial sewers.

Cast-in‘place pipe has been used in sewers where the
earth fill above the pipe exceeded 20 ft. (6.1 m). Sewers
and storm drains have been successfully installed under city

“streets and highways carrying heavy traffic. Irrigation lines
are operating successfully under heavily traveled roads with
18 in. (455 mm) of cover. Structural computations and load
tests have demonstrated that such pipe can withstand loads
of 50 ft (15.2 m) or more of earth fill.>

1.2—Methods of construction

Two general categories of construction methods are dis-
cussed in this section:

e Two-stage construction by machine method.

e Single-stage construction by machine methods.

Initially, cast-in-place pipelines were constructed entirely
by hand in two separate operations or ‘‘stages.”’ In the first
stage, the bottom half was placed and shaped by a semicir-
cular form or ‘‘boat.”” In the second stage, semicircular

ACI COMMITTEE REPORT

Fig. 1.2.1.1a — Single-stage process .using -me
forms. Construction of 48 in. (1220 mm) diame
storm water drain. Concrete from transit mixer ¢
charges into -hopper of machine where electrics
operated tampers move it downward around me
forms. Further ‘coiisolidation 'is accomplished” w
electric vibrators attached near bdse of mandrel.

Fig. 1.2.1.1b — Single-stage construction using m
forms. Rear view of 84 in. (2135 mm) single-st.
machine. Six ft (1.8 m) long aluminum forms are
into machine over rollers attached to the mand
" Metal arch spreaders, used to support the forms,
shown leaning against the machine.
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chine. Power uiiit and winch are: mounted o front of
machine. Large‘metal forms are lowered-into: place
by ‘machine motunted boom as’ concrete Js- fed into
the hopper

metal forms.were positioned on the previously placed invert
concrete and the upper half of the pipe completed. The
committee does not know of any recent use of this two-stage
process by hand methods.

Two-stage placement resulted in a longltudlnal construc-
tion joint at about midheight of the pipe. This joint was
difficult to keep free of any material that sloughed off of the
sidewalls of the trench. It was.necessary to place the upper

half while the lower half was still sufficiently plastic to

obtain satisfactory bonding of the two placements.

To eliminate the horizontal construction joint and to im-
prove on concrete placing and consolidation methods, ma-
chines were-invented which could construct the entire pe-
riphery of the pipe in one operation or stage. This method
used ‘metal forms for supporting the upper portion of the
pipe. Subsequently, another single placement method was
developed which is quite similar to that just described ex-
cept that it uses a dimensionally stable, pneumatically in-
flated inner form in licu of metal forms.

There are many- variations within the broad spectrum of
the foregoing categories, several of which are patented pro-
cesses. Nothing contained herein is intended to imply the
superiority or recommendation of any proprietary process
over any other, nor is the omission of any process or pro-
cedure intended to- indicate that it is deficient in any
manner:

Two aspects-of the construction operatlon are common to
all cast-in-place construction methods:
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Fig. 1
forms, "Interior view of 54 in. (1370 mm) machine.
Forms are fed through-the machine; locked into posi-
tion, and braced with metal arch spreaders to ensure
uniform internal diameter of the pipe.

gle-stage construction using metai

Fig. 1.2.1.1e — Single-stage construction using meta
forms. A 42 in. (1065 mm) machine installing storm
drain pipe. Metal forms are lined up at the side oi
the trench before manually lowering into machine.
As pipe is formed the outside top is covered witk
polyethylene to retain moisture and ensure propel
curing. :
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- Sing: ge - construétion’ -using - in-
ﬂatab]e form; Machine in trench with mﬂatab]e form
‘extended in trencb pnor to mﬂatlon :

Flg 1 21 .2b tage construction using in-
flatable form. Machin trench with form bemg in-
flated just prior to concrete p]acement

The trench has vertical or nearly vertical side-walls and a
semicircular bottom. .

The upper portion of the pipe is supported and formed by
an inside form.

1.2.1 Single-stage construction by machine—The first
known installation of machine-placed, monolithic, cast-in-
place pipe was made in .1950 by a rancher on the Alves
Ranch near Woodland, Calif. The machine used for this
installation 'served as the basis for the first patented cast-
in-place concrete pipe machine. Other firms have developed
pipe making machines since the first was introduced.

Fig..1.2.1.2¢. —..Si
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flatable - form. , .
being:.pulled . down_ the trench with concrete be
fed into the hoppers. As the machine moves it p;
up the form and guides it on rollers through the
chine as the concrete is moved around the form v
tampers and vibrators.

1.2.1.1 Single-stage construction using metal form
The pipe casting machine consists of a steel sled an
mandre] assembly supported by and attached to the slec
hinges permitting it to adapt itself to the trench. The n
drel assembly consists of the inside bottom and outside
troweling skirts and hopper. An. engine mounted on
bottom front of the sled powers a generator and a wir
The machine moves forward by a variable speed winch
cable hooked to a deadman inside or outside the trenct

separate machine is required for each-pipe size. -

As the machine moves forward, metal forms suppor
about 230 deg of the top inside of the pipe are inserted
the front of the mandrel, hooked to the preceding form
sprayed with oil. Metal struts are manually placed inside

~~forms near each joint to hold the proper shape of the |
and support the weight of the concrete. Concrete is mc

from the hopper into the mandrel by tampers. Vibrator.
each side of the machine consolidate the concrete in
monolithic cast-in-place pipe. The speed of the tampers

‘the frequency of vibration-can be independently contrc

to suit the consistency of the concrete being used.
The metal forms are usually constructed of alumi
alloy and are about 4 to 6 ft long (1.2 to 1.8 m): A fastes
hook is provided at the top on one end and an eye on
other for hooking the forms together. The forms remai
place until the concrete is strong enough for form remc
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" usually 4 to 6 hr.-The supporting struts are removed and the
inner: form pulled forward-into the trench which has been
excavated for: the next placement. Usually this is done in
one: withdrawal ‘by using one. of -the pieces of equipment
available. at -the site. Sometimes; however, the forms are
separated inside. the pipe and drawn forward in two or more
pulls. After the forms are withdrawn, they are unhooked,
stacked on the bank, and prepared for- the next use. On
completion -of a- placement, the machine is thoroughly
cleaned and ‘prepared for further- use.

‘This.process. has been used to make pipe ranging in size

from 24: to- 120 in,- diameter: (610 to 3050 mm) and larger

sizes are considered feasible.5°

1.2.1:2 Single-stage construction using pneumatzcally
inflated -inner forms—With -this - method the pipe casting
machine is a one-piece :steel-sled and with an outside top

troweling skirt, two concrete -hoppers, with tampers and’

variable-speed.vibrators. The machine is moved forward by
a truck-mounted variable speed winch. Power to the ma-
chine is supplied from a generator on the winch truck. Sep-
arate machines. and forms are required for each pipe size.
The inner-form of desired size and approximately 300 to
600 ft:(91 to 183 m) in length'is placed in. the trench and
inflated to approximately 3 psi (0.02 MPa). As the machine
moves forward, the form is picked up.on rollers and guided
into the barrel of the machine. Concrete from the forward
hopper is moved by tampers down to form the bottom half
of the pipe,. while: concrete from the: rear-hopper forms the
upper half. Vibrators move and consolidate the concrete
into a monelithic cast-in-place pipe. The outside top is
struck off smooth by th utside top troweling skirt.
e has‘cured sufficiently, normally in 3
to 4 hours, the i nner form is partially deflated, pulled down
the trench. and re—1nﬂated for- the next section of pipe.
Meanwhlle the casting machine is' removed from the
trench thoroughly cleaned "d prepared for the next use.
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prene coatings. They remain d1men31onally stable under re-
peated use and will-withstand extensive wear. :
Cast-in-place pipe has been made by this process in sizes
ranging from- about 12 to 84 in. (305 to 2135 mm). This
process is the only one which can be used to make pipe

tlr_é. maf_:bmel 4

‘machine. .

Fxg 1 21 2e — Smg]e-stage construétion . usmg mflatable form. Rear view of the
machine in sh1ppmg stand with inflated form. Concrete is placed between solid
steel ring and inner form. Shipping stand is not attached to the machine.
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smaller:! than 24 in: diameter (610 mm):since it is not.nec- cable and drum-arrangement: powered by a ‘gasoliné eng
essary to enter the pipe to remove the inner form.!! The cable extendsforward and:is anchored in:the trenct

1:2.1.3 Evaluation-.of :the .single-stage method—Con- a deadman or other suitable:anchorage. Adjustments.car
struction of cast-in-place pipe by the single stage machine made tothe machine to permit varying the wall thickn
method . offers speed. of construction and low manpower Concrete is placed:-in a hopper and flows around the
requirements. Although a certain amount of concreting skill riphery. of the trench bottom. Final- finish is obtained t
is required, no specially trained or highly skilled technicians = semi-circular boat attached to-the rear -of the machine.
other than one or two key dﬁerators are required. Forms are " The top half-of the pipe:is constructed by a second
easily placed and oiled, and the entire operation is central- chine following:closely behind: the lower machine and
ized an ’trolled For the process using metal forms, the tached to it by cables. Oiled forms -are used to:support:
invert ¢ -and 1mp_¢rfect10ns eliminated at the form the-upper half of the pipe. Wood bearing plates pk

on the invert serve as a base for vertical wooden posts wi
support the top section metal forms. Spreader bars are
stalled horizontally across the pipe form-at the .approxin
center.line:to prevent inward deformation of thée others
unrestrained:lower ends. One’ bearing plate; vertical p
and spreader bar is-used for each form. The machine
constructing the upper half of the pipe is placedin posi
over the metal forms. It is supported by rubber-tired wh
in front:and-a shaping form in the rear, both-adjustabl
permit variation of the wall thickness. Concrete is place
a‘metal hopper on-the form from which it flows.to the:
between: the ‘metal:forms and: the trench walls. Mechan
steel - tampers consolidate: the concrete on each side:
outside:top of the.pipe is strick off and smoothed by the
of the machine:* .
+1.2.3 Rate:of productzon—Rate of productlon is usu
gqverned by-factors-other than the production capabilit

ARG i

-Fig: .2b — Two-stage construction by macl
- Workman standing between the two pieces of
. making equipment has just placed metal semicirc
Fig. 1.22a — Two-stage constructlon by machine. form- into position together with wooden spre.
Construction of 30 in. (760 mm) diameter pipe show- and bearing board for vertical strut; and is in |
ing the machine that places the top half of the con- tion to receive another metal form as the mac
crete pipe. A moves forward in unison.
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the - pipe- making- machines:- In: irrigation-werk the-rate of
advance is affected hy the'time required to remove the inner
forms, the nature of the soil ‘such as a loose sandy s011 ora
rocky or spongy foundatron, length' of trench excavated
ahead of concrete placement and the condition of the
€quipment. Rate of production in open country is usually in
the range of 400 to 700 ft (120 to 210'm) per day. However,
as much as 1700 ft (515 m) of 36 in..(910 mm) pipe were
placed in one shift when all conditions were favorable. For
storm and samtary sewers in. c1ty streets production progress
is slowed by such obstacles as interference from under-
ground utilities, deep trenches, shoring problems, handllng
of trench excavation, control of traffic, and underground
water. Rate of progress under such conditions may be in the
range of 150 to 250 ft (45 to 75 m) per day.

CHAPTER 2—LOAD CARRYING ABILITY
2.1—General
Most of the early nonrelnforced cast—1n-p1ace concrete
pipelines were used for conveying irrigation water where
earth loads were: not .an important consideration except at
road :crossings. Cover for such lines was usually in the
- range of 2 to 3 ft (610 mm to 915 mm). As pipe making
processes improved, with-corresponding increase in quality
of concrete, nonreinforced cast-in-place concrete pipe came
into use for storm drains and-sanitary sewers as well as for
irrigation 11nes crossing and parallel to paved; roads carrying
heavy traffic with coyer of 24 in. (610 mm) or less. The
ability of such pipe to. carry. the heavy.loads imposed on
them by deep earth fills and traffic loads has been demon-
strated by load bearing tests conducted 1ndependent1y by
several agencies and by structural. analyses. also. conducted
independently by a number. of consulting engineers using
different design methods. All such load tests and analyses
demonstrated conclusively that nonreinforced concrete

pipelines could successfully sustain the external loads nor-

mally encountered in sanitary and storm sewers and irriga-
tion lines.}-3#-3-12,13

2. 2—Load tests

From 1955 to 1958; load tests were conducted by the
No-Joint-Concrete Pipe Co., under the direction of E. C.
Fortier, consulting civil engineer, Fresno, California, on
24, 30, and 60°in. (610, 760, and 1525 mm) pipe, and also
on a simulated section of 120 in.. (3050 mm) pipe. In Sep-
tember 1955 the Salt River Project, Phoenix, Arizona, con-
ducted load tests on seven sections of 30 in. (760 mm)
cast-in-place pipe.

In January 1961, Arizona Testing Laboratories in Phoe- -

nix, Arizona, conducted load tests on an isolated 4 ft 1.2
m) section of 48 in. (1220 mm) cast-in-place pipe, con-
. structed using the inflatable form process. The purpose of
the test was to determine the load carrying capacity of 48 in.

(1220 mm) Fullerform plpe in a typical trench under normal-

field conditions.

The test  procedure conformed to- the sand-bearing
method of ASTM C 76-57T, except that the pipe was
supported by natural soil and by the vertical sides of the

trench in which the pipe was cast. The load was applied at
a uniform rate of 8000 Ibf (36 kN) per min by jacking
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against a steel box.containing approximately 45 . -tons
(approximately 41, 000 kg). of sand and.supported over. the
pipe by sills and blocks. A hairline, crack. appear
top. and bottom of the pipe at 45,600 Ibf (203 kN). Thrs
crack opened to 0.01 in. (0.25 mm) when a total of 65 100
Ibf" (290 kN) was reached. When additional load was
applied, the cracks opened ‘slightly and at 71 ,600° lbf (318
kN) a hairline crack” appeared at the spnng line “on’ both
sides. At this load ‘cracks also began to" appear in‘the-§oil
adjacent to the sides of ‘the pipe. When“a total load of
78,600 Ibf (350 kN) was recorded, additional’ ‘jacking
resulted only in the plpe sinking into the- ground ‘but no
increase in the pressure reading. Tt" was ‘apparerit’ that
ultimate failure -could not' be - reached under these
conditions, so the test was stopped. '

In 1969, static and dynamic load tests were applied to
each of two locations of 96 in. (2440 mm)’ p1pe installed in
Dallas, Texas: Twenty—elght day compress1ve strengths
ranged from 4000 to-5000 psi (27.5 to 34.5 MPa). Howard
Needles Tammen and Bergendoff of-Dallas coordlnated the
test program.

In order fo determine the stresses induced' in ‘the’ pipe
under test loads, a circumferential ring of 17 strain gages

‘was attached to the inner and outer pipe faces at each lo-

cation. Deﬂectorneters were installed at’the horizontal ‘dnd
vertical diameter's to measure the actual wall deflectrons of
the prpe under load.” SRR

For the initial: static load test, a sandbox frame of dimen:
sions prescribed by ASTM C 76- 57T was: used. The ‘box
enclosed a 4 X6 ft (1.22'%°1.83 m) area spaniing one ‘qiiar-
ter of the pipe circumferencé. The box frame for the sécond
static load test enclosed a 4 X4 ft (1.22x 1.22 m) area to
concentrate the tniform load neater the pipe crown,

Incremental loads to a maximum of 205,000 Ibf (912 kN)
were applied to the pipe through both the standard ASTM
and the narrow sandboxes at each of the test locations. Test
gage readings increased quite uniformly as the increments
of load were applied. The pipe exhibited slight vertical de-
formation under the load and this was accompanied by an
increase in horizontal diameter oflesser magnitude than the
vertical deformation.

Under the maximum test load of 205, 000 Ibf (912 kN) the
vertical deformation was only about V52 in. (less than 1 mm)
with the narrow sandbox loading. The horizontal diameter
increased by only about ¥s4 in. (0.40 mm) under this load-
ing.

The unit pressure on the test area of the pipe was in
excess of 11,000 Ibf per sq ft (525 kPa). No visible evi-
dence of cracking or spalling occurred under this heavy
loading.

A dynamic load test was conducted to 1nvest1gate the pipe
response to impact loads which could occur with shallow
cover above-the pipe: The action of dual wheel truck axles
was simulated by placing four wooden railroad ties across
the pipe on-about 12 in. (300 mm) of compacted earth fill at
the usual location of truck wheels, and dropping one of the
16,000 Ib (7250 kg) concrete blocks used for the static load
tests on the ties, from increasing heights of 6 to 36 in. (150
to 915 mm) in 6.in. (150 mm) increments. Under the con-
dition of maximum impact, a vertical deformation of only
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about Vie in.’ (1:6 mm)y was measured with' a horizontal
deformation of only-about V52 in. (I€ss'than 1 mm). Again,
it is s1gn1ﬁcant that nio-damage to the p1pe ‘occurred under
thlS severe loadlng '

2. 3—Structural analysns :

Followmg the successful early load test showmg what
appeared. to-be unusually high supportmg strength; it was
desired to determine if the test results could be substantlated
by structural “design ana1y81s Such a study was undertaken
) Emest C. Fortier of Fresno, Calif., in the fall of 1958,

He made calculatlons of outer fiber stresses in the concrete
shell for pipe sizes 24 to 72 in. (610 to 1830 mm) in diam-
eter for earth fills of 4, 10, 20, and 30 ft (1.2, 3.0, 6.1, and
9.1 m) above top of pipe and live load of AASHTO H-
120-44. Subsequently, computations were made for a com-
bination of stresses due to external loads and internal hy-
drostatic -head of 10 ft (29 9 kPa). Live load was for H-
20-44 loadlng with impact factor of 2. Fiber stresses were
computed for sizes 24 to 72 in. (610 to 1830 mm) in diam-
eter and for earth fills of 2, 3, 4, 10, 20,.and 30 ft (0.6, 0.9,

-1.2, 3 .0,6.1, and9 1 rn)plushveloadand 10 ft (29.9 kPa)
hydrostatlc head. Earth loads were computed from the Mar-
ston formula assuming, welght of soil to, be. 110 1bf per cu ft
(1760 kgf/m3), active and passive pressure K, = K,
0.150 and Curve C to determine coefficients. Live loads
transmitted from the.surface to the buned pipe were deter-
mined in accordance with the procedure outlined in the
pubhcatlon by Thomas, K. Breitfuss.!* Moments and thrusts
at the invert of the pipe were computed using coefficients
developed by the elastic arch theory. These coefficients
were published by James M. Paris. 15 Maximum fiber stress
at the invert was computed from the formula:

6M T

7x

where f = stress in extreme fiber in psi; M = moment at
invert in ft-1b per ft of pipe; T = thrust (direct stress) at
invert in 1b per ft of pipe; and ¢t = thickness of pipe shell in
inches.

In metric units:

2
where f is in kg/cm? M is in kg-cm/cm of pipe; T is in
kg/cm of pipe; ¢ is in cm. The vertical load was assumed to
be uniformly distributed over the top 180 deg of pipe and
the vertical soil reaction on bottom 180 deg of pipe. The
uniform lateral Joad was assumed to be 33 percent of the
vertical load and applied horizontally to a height from the
. bottom of the pipe equal to 0.712 times the external diam-
eter. Moments and thrusts were computed for weight of
pipe and weight of water and- for thrust due to hydrostatic
pressure head.

For the condition of 20 ft (6.1 m) of earth fill, live load
for AASHTO H-20-44 with impact factor of 2 and hydro-
static head of 10 ft (29.9 kPa), the fiber stress was found to
be:

6M T
1
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. F]exhra] V

Pipe size, fiber stress, '
Coin. (em) = (mm) psi (kg/em?) a
24 (61) (610 143 (10.0) {
-+ 30 {76) (-"760) 255 (179~ @
.36 (91 (915 - 295 . 20.7)... (2
42 (107) . (1065) 334 (23.5) (@
48 122y (1220 T 320 {22.5) 2
54 - (137)  (1370) 359 . (25.0) (@
60- - . (152}. .. (1525} 385 : 27.1) (@
72 (183)  (1830) 433 (30.4) (¢

" Since the ultimate flexural strength (or outer fiber st
at rupture) is inexcess of this for good concrete, it app
that the values for fiber stress for the severe condltlons c
above are coiiservative, 17

In 1960, Edib Kirdar of the Salt River Project in*Ariz
made a structural analysis similar to that made by Er
Fortier. The objective was to demonstrate by struct
analysis that cast-in-place nonreinforced concrete pip
sizes 12 to 72 in. (305 to 1830 mm) could safely be insta
under or across any roadway in the area with a minimur
2.0 ft (0.6 'm) of compacted soil cover. The: elastic :
theory was used with assumptions similar to those use
Fortier. The report concludes’ that cast-in-placé: niont
forced concrete ‘pipe is capable of withstanding load
excess of H-20"surface load: with -an impact factor «
transiitted thrugh 2.0 ft (0.6 m) of compacted 3011 we
1ng ‘110 1b-per cu ft (1760 kg/m>).!

“In 1959, John P. Esvelt, structural engineer, Spok
Wash., made an analysis of the load bearing strengt!
cast-in-place nonteinforced ‘concrete pipe known as *
truda-Cast’’ pipe for R.- A. Hanson Co. Inc.; Palo
Washington.? Extruda-Cast pipe is cast in a single of
tion. Esvelt- stat€s that his calculations were intended
theoretical determination of the load-bearing strengtl
““Extruda-Cast’’ pipe of different sizes for comparison
load-bearing test results and for use in suggesting mo
cations in design of the pipe barrel to imprové the stre
characteristics. His thought was that if a correlation it
tablished between theoretically derived strengths and
results for a few sizes or loading conditions, the calculat
can proceed to the determination of pipe strengths for
sizes -and/or cross sections. Fortier had-much the s
thought in extending the calculations verified by load
of pipe 24 to 60 in. (610 to 1525 mm) in diameter
diameter of 120 in. (3050 mm). Load-carrying calcular
for the 120 in. (3050 mm) section were verified by an a
load bearing test (see Section 2.2).

For his analysis, Esvelt calculated bending momen
accordance with PCA Bulletin 1S164 W.'8 Soil reaction
based on the bulb theory advanced by H. C. Oland:
USBR Engineering Monograph No. 6.

Earlier in 1959, load-bearing tests on a section of 3
(760 mm) Extruda-Cast pipe had been made by the W
ington Testing Laboratories, Inc., Spokane, Wash. ’
were made with various conditions of side restraint and
various types of loading, that is, single edge, sand bea
and uniform loading.'%13
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TABLE 2.3 — Maxnnmn safe depths of baekfill
(Computed 1977, Edib: Krrdar, Salt River. PrOJect Phoenix, Arizona)
Maximum safe backfill depth to top of pipe
ft (m)
Pipe " -Bafe load Ibf Granular soil Saturated Sand-and “Saturated-
size : . {no cohesion) top soil . . gravel. - - clay
, . L _*W = 100 (1600) W = 100 (1760) W = 120 (1920), W = 130 (2080)
“in: (mm) 1bf/1in ft © KN/m~ Ku = 0.1924 Ku = 0.150 : Ku =0; 165 Ku £0.110
24 610 5, 800 ; ( 84) No-limit No limit- No limit No limit
30 760 7,200 (105) No limit No limit No limit No limit
36 915 8,500 (124) No limit No limit No limit No limit
42 1065 9,800 (142) No limit No limit ‘ No limit 387(11.6)
48 1220 ; = 1L,000+ 5o (160) . No limit No limit - No.limit 30 (-9.1)
54 1370 12200 0 (178) . .- No limit No limit No limit 26 (7.9
60 1525 13,300 7 (198) No limit 49 (14.9) 47 (14.3) 24 ( 7.3)
66 1675 14,300 (209) “No limit . 36 (11.0)- - 30 {9.1) 21 ( 6.4
72 1830 15,500 . .{226) No limit 32.(9.8) 31.(.9.4) 21 ( 6.4)
78 1980 117,000 (247) . 46 (13.7) 32 (9.8 24 (1.3) 20 ( 6.1)
84 - 2185 18,000 (262) ©39 (11.9) - 30 (9.1 24 (7.3 20 ( 6.1)
90 2285 - . 19,000 .- 217). - - 33 (10. 28 ( 8.5) 23 (°17.0) 20-( 6.1) -
.96 2440. 20,000 - (290) 32-{ 9.8) 28 ( 8.5) 22.(6.7) 19 (5.8) -
102 2590 21,500 (313). 32 ( 9.8) - 26 (7.9 21 ( 6.4) 19 (5.8)
108 2745 " 22,600 “(329) 31(9.4) 24 (7.3 21 ( 6.4) 19 ( 5.8)
114 - 2895 . - 23,700:- " -(346):. - 30 (9.)- 24 (17.3) 21 { 6.4) *18°( 5.5)
120 13050 - 25,700 - (375) 29 ( 8.8) 21 (.6.4) 20 (.8.1) . 18 ( 5.5)

*W = 1b per cu ft (kg/m?)

On the basis of these several analyses and Joad tests,
Table 2.3 was prepared and expanded to vshow the maxi-
mum safe depths of backfill in, vertical-sided trenches for
various sizes of cast—rn—place pipe. .

CHAPTER 3—DESIGN RECOMMENDATIONS :
3. 1-—Locat|on reqmrements '

In general the procedures and practrces followed for the
_location of cast-in-place lines are similar to those for other
pipelines. Precautlons to take for installation through fills,
in rock or unstable ground, and in areas where the ground

water is above the bottom of the pipe are drscussed in Sec-

tion 4.2, Excavation. _
Rrght—of-way requirements for cast—m—place pipelines are
similar to those for other types of pipelines. The right-
oof-way should be wide enough. for the trénch, stockpile
material, a walkway on one side of the trench and-a 12 to
14 ft (3 7t0 4.3 ‘m) roadway for equipment on the other.
~ Curves in horizontal alignment can be negotiated with
relative ease, but angular changes in direction should be
avoided. The minimum radius. of curvature is in' general
controlled by the type of excavation equipment used. The
following formula is recommended for minimum radius:

= 30D

where R = radius of curvature, and D = nominal internal
pipe diameter, with R and D expressed in the same units.
In 1rngat10n work cast-in-place pipelines are frequently
laid. in existing irrigation channels. Such location has the
advantage of holding additional right-of-way to a minimum.
Regardless of type-of pipe used, it has been found advan-
tageous in public systems, such as for. rrngatlon districts, to
locate irrigation lines outside. of the road right-of-way. By
S0 domg, the large open-gate structures, as well as stand-

pipes and vents, present minimum mterference to traffic and
to travel vision, particularly at: mtersectrons v

For additional 1nformat10n on surveys.for samtary and
storm sewers, refer to the ASCE Manual of Engineering
Practlce No: 37, entltled “Desrgn and Constructlon of San-

itary. and Storm Sewers.?’

3 .2—Hydraulic

3.2.1H eaa'~—Cast—m-place pipe is mtended for use under
a maximum head of not more than 15 ft (4.6 m) above the
pipe center line, mcludmg the effects of pipe surges, water
hammer, or other pressure rise. Concrete with the spec1ﬁed
compressive strength of 3000 psi (20.7 MPa) has sufficient
tensile strength to resist somewhat higher. heads. Leakage
from even nnnor defects increases with head. Conse-
quently, it has been found desirable to (1) keep the operat-
ing head as low as possrble consijstent with the topography,
not to exceed 15 ft (4.6 m), and (2) use check and control
structures to limit the operating head.

3.2.2 Coejf cient of frlctzon—Actual field. measurements
to determine the coefficient of friction of cast-in-place pipe-
lines are limited. The Salt River Project in cooperation with
the United States Bureau of Reclamation conducted a 3-year
series of tests to determine the value of . n in Manning’s
formula. The details and test results are contained in their

“Report on Resistance Coefficient Tests, Cast-in-Place

Concrete Pipe;’’ Dec. 1966. See also Reference 20. The
report states that, ‘A total of 281 tests: were made on pipes

.. ranging in size from 24 to 54 in. in diameter. The roughness

coefficient n in Manning’s formula was calculated for each
set of test measurements. The n values derived ranged from
0.008 to 0.018, but 241 of the tests, or 86 percent, had
values of 0.013 or less. Only 26 tests, 9 percent, gave
values higher than 0.014, the recommended n factor.”
The test results.indicate that an n of 0.013 may. be ac-
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ceptable, however, it is recommended that a value of 0.014
be used for the design of cast-in-place pipelines which are to

be used: for-low-head- irrigation systems-until-more restilts -

become available. In the design of sanitary sewers that carry:
industrial waste or other matter of low viscosity, it is rec-
ommended that an n value of 0.015 or higher be used. In
selecting an n value, the designer should consider the con-
dition of the pipe surface and’ debns that may collect in the

- pipeline after a period of operation rather than just the sur-
face conditions iminediately after construction:

3.2: 3 Protection against water hammer and surges—In ‘

1rr1gat10n lines, water hammer and surges or other pressure

variations' are especially trotiblesome and can ‘cause exten-

sive damage to cast—m—place as well as precast pipelines.

Pressure drops as well as pressure rises should be carefully
checked; negative pressure should not be permitted. Proper
design of standpipes, vents, checks, and control structures

can virtually eliminate damage from pressure variation. Itis -

especially important in irrigation lines to vent all high points
and to avoid shutoff gates in a main line unless the pipeline
is. protected by open structures: or standpipes. In cross-sec-

tional area, such structurestor standplpes should be at least

equal to that of thé lifie pipe.

3.3—Structural

*3.3.1 Surcharge—The 'axifum” Sircharge “load to
which a pipe should be- sub_]ected is ‘the HS-20 live load
defined'in the American’ AsSoc1at10n ‘'of State nghway and
Transportatlon Officials (AASHTO) Spec1ﬁcat10ns Many
structural amalyseés have been made of ‘this loadlng using’ a
minimum cover of 2 ft (0.6 m). The resulting fiber stresses
are well within allowable conditions even when surcharge
loads are combmed w1th a11 other probable loadlng condi-
tions.

3.3.2 Foundatiori—The foundatlon for the pipe should
pr0v1de full, firm, uniform support throughout each ‘contin-
uous section. Most soils are capable of prov1d1ng ‘such sup-
port without spec1al precautions. The' exceptlonal condi-
tions are generally of three types: rock, soft or“spongy
matetials, and expansive clays. Because of the high cost of
construction in rock and in’ soft ‘or spongy soils, it may
prove more economical to alter the alignment to avoid either
condition when large’ quantities ‘aré' encountered. Cast-in-
place pipe may be satisfactorily installed through any of
these conditions provided the appropriate special meastires
described in Section 4.2 are followed:

3.3.3 Pipe dimensions—Wall thicknesses - for cast-
in-place pipe have been established more by custom than by
design. In the early ‘days of precast concrete pipe, manu-
facturers of so-called ° ‘poured pipe, ** in which concrete
was spaded between vertical steel forms, used wall thick-
nesses of V42 of the internal diarneter of the pipe plus 1 in.
(25 mm). This practice seems to have been rather generally
adopted ‘by the cast-in-place pipe constructors and has
proved adequate to ineet the load and head conditions gen-

erally encountered. In récent years, technical studies and -

load tests (see Section 2.2) also have demonstrated the ad-
equacy of the wall thicknesses in general use.

To allow some leeway in casting concrete pipe, a de-
crease of ¥2 in. (13 mm) in wall thickness is usually al-
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lowed, thus ‘stablishing ‘the specified minimum wall thic
ness at Y12 of the diameter plus %2 in. (13 mm); .

~To insure hydraulic performance in accordance with
design, the actual cross-sectional area should not be 1
than nominal and the internal diameter of the pipe at ¢
point should not be less than specified, usually 95 percent
the nominal diameter. Deviations from nominal diamet

'caused by unbalanced forces on the inner forms can

overcome by slightly i 1ncreas1ng the nominal diameter of
1nner forms : »

CHAPTER 4—CONSTRUCTION *
REC.OMMEND‘AT!ONS
4 1—Genera| -

Cast-in-place pipe’ construction -uses standard meth
and equipment except for the concrete plac1ng machi
Even the machine needs no highly specialized operat
personnel. Only a competent foreman and a well organi:
4 to 6-man crew who have experience in coriventio
trenchmg, concreting; and backfilling methods are need
Such a-‘crew can easily adapt to- any spec1a1 techmq

* requifed. Operations required for ‘cast-in-place pipe ¢

struction are discussed below.

4:2—Excavation -
~The trénch. should be neatly excavited with vertlcal si

“and seémicircular bottom. The width of the trench shoul¢

equal to the outside diameter of the-pipe, so that the vert
side walls and trench bottom serve as an outside form
concrete-placement.-Side ‘walls-above ' the top: of the 1
may be sloped if desired, or if necessary for. stability.
4.2.1 Equzpment—Commonly used types of excaval
equ1pment are wheel-type and ladder-type trench excava
and backhoes, Wthh should be fitted with rounded bucl
suitable for excavatmg a’sernicircular-bottomed trench.
lection is largely_ a matter of personal ‘preference or util
tion of equipment ‘alréady ‘available. Line and grade
maintained by measuring offsets, both horizontally and *

‘tically, from a-previously establishéd offset line. A'sin

inverted L-shapedjig serves satisfactorily to detétn
whéther the trenching equlpment is following the prescri
alignment and-€xcavating to' the proper grade. Some

chines are fitted with ‘feeler fingers’” into which the of
line wire must fit to maintain the desired alignment

grade. If the wire falls outside these fingers, appropi
adjustments must be made on‘the équipment before resu
tion of trenching operations. Other methods are used,
they are not as simple as the two mentioned above.

- A common practice is to assign one piece of excava
equipment to each spread and to use it for other purp
when not required for excavation. It may serve both
deadman to which the winch cable is attached to move
pipe casting machine forward and as a crane to lift
machine into and out of the trench. A backhoe require
modifications to serve satisfactorily as a crane, but bo
must be added to trenchers if they are to be used for
purpose. Sometimes a separate mobile crane is provis
Various types of equipment may be assigned to the v
and each type has a number of different uses.
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- 4.2.:2 Rate of advance=—Normally the concréte placement
and form removal time exceed that for excavatirig the same
length of trench. Thetefore; the rate of advance of the fin-
ished pipe is generally controlled by the-speed at which the
machine can be moved and the time required to remove the
inner forms. This accounts for the other ises of the exca-
vation equipment previously discussed: It may-prove pref-
erable for some projects to shift the excavators from one
location to‘another and keep them fully productive. In this
case, the-number of excavators required would ‘be deter-
niined"by the output capabilities of the ‘equipment-and the
time required to change locations.

4.2.3 Length of i trénch ahead of placement—The length
of trench to be excavated ‘ahead of concrete placement, or
excavation  ‘‘headway,”’ is largely a matter of judgment.
Under normal circumstances ‘the trench -headway will be
roughly equal to.the amount of form to be withdrawn from
the previous placement or the length of pipe to be placed
during the following shift. Headway is often‘limited to pre-
vent drying of the trench walls and bottom-against which
concrete is to be placed, because rapid absorption of the
water from the concrete can cause excessive cracking. Since
dry trench walls can be moistened by sprinkling immedi-
ately prior to concrete placement, this criterion is of sec-
ondary importance. Construction should not be unnecessar-
ily restricted by arbitrary -headway -requirements, - if
satisfactory alternatives can be agreed upon. The best rule
to apply to headway is to-keep excavation' ahead of pipe
fabrication by a distance sufﬁc1ent to -avoid- 1nterference
with concrete placement. - : ;

4.2.4 Trench stability—From experience in a great vari-
ety of soils, it appears that from a standpoint of trench
excavation most soils are suitable for installation of cast-
in-place pipe. With either a backhoe or a trencher, it usually
is possible to excavate trenches that are true, neat, and clean
with a minimum requirement for fine grading. Subsequent
sections deal with special treatments requlred in unstable
soils.

In areas known to be excessively sandy, it is good prac-
tice to excavate short test sections of trench with a small rig
to observe the action of the soil under actual trench condi-
tions. A small backhoe mounted dn a tractor has been found
useful for this purpose. Some sandy soils show little or no
tendency to slough if moist. For other sandy soils, a slight
slope in the side walls may prevent excessive sloughing. If
these measures do not produce the required stability it is
necessary to replace the sand in the trench form with com-
pacted soil, as provided in Section 4.2.7, or substitute an-
other type of pipe.

4.2.5 Prewetting—In areas where the soils are too hard
for efficient trenching or where additional moisture adds to
the trench stability, trench excavation may be simplified by
prior wetting. Prewetting may be accomplished by either of
two methods or-a combination of both. One method is to
apply water just as though the land were being irrigated, by
either furrow, flood, or sprinkler irrigation. The second
method, often used in aréas where large quantities of water
are difficult to obtain, is to run water in a snngle ditch along
the ‘center line of the pipe.

4.2.6 Trench form—The ‘‘trench form’’ is that portion
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- of the trench which will ‘'sérve as'the outer form for ‘at-lesst

the bottom 210 deg of the pipe (see Fig:-1.1):'It should be
excavated to the lines and grades established by the Spec-
ifier and should be prepared to:provide full:: firitiy and-whic
form support of the p1pe by undlsturbed eaxth or compacted
fill.

4.2.6.1 Trench cleanup—The excavator. normally dlgs a
neat, clean trench suitable:without further work:for place-
ment of concrete. It-will be: necessary to remove:from the
trench bottom any debris; foreign objects, or material from
side wall sloughing before starting concrete placement: The
machine fits the trench so closely that occasichally,’ as it
moves forward, it scrapes the ‘side walls:and catses. some
sloughing. Care must-be exercised to prevent-this:sloughed
material from building up ahead of the machine and ‘causing
excessive departure from' established grade. - Wheré - the
metal inner form:is used, excess material can be manually
removed-ahead of the'slipform. With either method of .con-
struction; small transverse ditches'may be excavated-across
the trench bottom to receive soil built up and pushed ahead
of the slipform.

4.2.6.2 Trench moisture—Care should be taken to in-
sure that at the time of concrete placement there is adequate
moisture in the trench form so that water is not drawn:from
the freshly placed concrete. If the trerich-is too dry, all soil
in contact with the corncrete should be moistened: However,
the trench form: must be. free of water and mud at'the time
of concrete placement. ' R »

4.2.7 Rock and unstable materzals——When it is necessary

to install ‘the pipe in rocky areas, the rock should be re-
moved and replaced with suitable fill material comipacted:to
proper density. The rock shall be removed to at least-6 in.
(150 mm) below the grade of the bottom of the pipe.-Areas
left void by rock removal should be completely filled with
compacted iaterial; then trenched for the pipe as‘though
natural ground. If the rock below thé pipe subgrade is frac-
tured or fragmented; or if it consists of large cobblestones-or

“boulders; the replacement fill material should be carefully

selected to insure that it is of such gradation that it will not
be moved downward by fluctuation of the water table. In'no
case should expansive soils be used for fill.

A procedure of over-excavation, backfill, compaction,
and retrenching should be used where sloughing sand or soft
or spongy conditions are encountered. Urnstable trench
walls may be shored if necessary, but this will reduce the
pipe production rate. When expansive clays are encoun-
tered, they should be thoroughly moistened by ponding, to
completely expand the soil, and the" m01sture maintained
until the concrete is placed. '

4.2.8 Groundwater control-—Whére the water table is
above the grade line for the bottom of the pipe it'is neces-
sary to dewater the trench. In some cases, pumping from
sumps in the bottom of the trench will adequately control
the inflow. In other cases, it may be necessiry to lower the
water table by pumping from wells located along both sides
of the trench. Sometimes systems as elaborate as well points
may be required. Gravel or ¢rushed rock may be used as a
French drain by over-excavation and placing to grade.
Drain tile may be required in the gravel or crushed rock if
large amounts of water are encountered. The gravel or
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crushed rock must be compacted to provide a satlsfactory
surface.on which to place concrete. :

4, 3-—Concrete control and placement

.The satisfactory  performance of cast-in-place concrete
plpelmes requires concrete that is consistently watertight
and durable, and has the necessary compressive strength.
* Suchi conerete may be readily-obtained with proper attention

to'mix proportioning, with adequate testing to insure-quality -

control, and with proper placement and-curing. Proportron-
ing shall be according to ACI 211.1.
- 4.3.1==Materials

4.3.1.1 Portland. cement—Portland cement should
meet the-requirements of ASTM standard specifications for
portland - cement, C 150. Where soils:.or waters :contain
150-1500 ppm of sulfates, Type II cement-or, a portland
cément with a C;A content of not-more: than -8 -percent
* should be specified. For more than 1500 ppm of sulfates a
Type V cement or a portland .cement-with not more- than 5
percent C;A should be specified, and -the -water-cement
ratio should not exceed 0.50. Portland blast furnace slag

cement [ASTM C-595, Type IS.(MS)] or portland pozzolan

cement (ASTM C 595, Type IP) also may-be used for such
exposures. For such severe exposures-(1500-ppm er.more)
if none of those indicated is available; a cement with-a C;A
content between 5 and 8: percent may be- used. with a
water-cement ratio .not. exceeding 0.45, or with a
substitution by weight of pozzolan (ASTM C 618)-for such
cement, not to exceed 25 percent by total weight of cement
plus pozzolan. Where aggregates are alkali-reactive a
cement containing.less than 0.60. percent alkalies should be
specified. :

4.3.1.2 Aggregates—Aggregates should meet the re-
quirements of ASTM C 33. Gradation and maximum size of
aggregates are important: because of their effect on mix
proportions, water requirement, workability, cohesiveness,
and finishing characteristics of the concrete. In general,
good workability, cohesiveness, and finishing characteris-
tics can be obtained when 15 to 30 percent of the fine
aggregate passes the No. 50 (300 pm) sieve and 3 to 7
percent passes the.No. 100 (150. jum) sieve. Coarse aggre-
gate should be graded up to the largest size used. This
reduces the amount of mortar used and can result in lower
cost, less temperature rise, and less drying shrinkage.

4.3.1.3 Admixtures—An air-entraining admixture, con-
forming to ASTM C 260, should be used unless air-en-
training portland cement is used. (See Specifications Sec-
tion 4.4.) Any -other chemical admixture used should meet
the requirements of ASTM C 494. Fly ash or pozzolans, if
used, should meet the requirements of ASTM C 618. All
admixtures should be used only in-accordance with ACI
212.1R/ACI 212.2R.

4.3.2 Slump—The contractor should be allowed to select
the slump of the concrete while maintaining the required
water-cement ratio because of the considerable difference
in slump that may be required by different types of
equipment. The required slump also may vary somewhat in
accordance with local project conditions. To help minimize

shrinkage cracking, the lowest usable slump should be -

maintained.
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4.3.3 Shrinkage. and. contraction—Satisfactory. cast-
place concrete pipe is generally achieved without spec
consideration of shrinkage .and contraction. Ready-mi>
concrete or. job-mixed concrete which is satisfactory
other respects generally does not exhibit excessive cracki
due to drying shrinkage and-temperature contraction.

Any. large cracks. which do-occur can-be most eas
patched with cement. mortar: within a few days. after ;cast
because bond is then most easily achieved. If gpoxy. ms
rials are used for patching, they appear to give best:rest
if applied at a later time,: preferably two weeks or more al
concrete is cast. v

Occasionally, c1rcumstances -oceur Wthh produce an)
satisfactory amount of cracking or there will be a:job wh
it is desired to reduce leakage to an absolute minimum.
such cases, it is advisable to-reduce cracking, drying shrii
age, and thermal contraction by some-of the follow:
practices:

eReduce water content of the mix.. o

eEstablish: optimum curing practices to retain mix

water. - : :
- eMinimize. temperature drop

‘eAdjust mix proportions... -

eUse selected. aggregates if economlcally fea51b1e

. Unit water content:is least. when the mix contains the le
amounts that are feasible of icement .and sand, and the la
est practicable size ‘of coarse aggregate. Water cont
should be reduced by using:the lowest slump that can
fully consolidated as the pipe-concrete-is placed. Use of
entrainment, well graded aggregate, water-reducing che
ical admixtures,.and fine materials when sands are-defici
in fines also can reduce water: requirement. Admixtu
which increase shrinkage-should be avoided. Proper 1
proportions using any or all of these ingredients must
established by trial mixes. To.minimize .shrinkage crac
early drying of the concrete from all surfaces must be |
vented. Having adequate moisture in the trench form
vents drying from the lower part of the outer surface,
the curing practices, including moist backfill, prevent ¢
ing of the upper part of the outer surface. Bulkheading :
the introduction of water in the invert will prevent drying
the inner surface.

To minimize thermal shrinkage the concrete should
mixed, placed, and cured at the lowest possible temperai
allowed in Section 7.3 of the specifications so that sut
quent temperatures of the pipe in service will not be apj
ciably lower than the highest of these initial temperatu:
Low early temperatures can be attained by doing the w

- in the coldest available weather above freezing, work
. during the cooler part of the day, and shading the trencl

keep surfaces against which concrete is to.be placed as ¢
as possible. Mixing and placing concrete at low temp:
tures can also.be accomplished by substituting ice for pa:
the mixing water, keeping moisture low in aggregatc
permit using more ice, and shading aggregate to red
temperature of the aggregate the day it is used.
Mixture proportions which achieve slow strength g
combined with extended curing at low temperatures,
effective in reducing volume change cracking. High-ea
strength cement should be avoided unless early strengt
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essential. Where-early service after construction is not re-

quired, ‘some of the prmclples of mass concrete can be
applied. For éxample; strength may be’ specrﬁed at 90 days
instead of 28 days, thereby permitting the use of mixtures
with less heat of hydration, that is, mixtures- ‘containing, less

cement, cements with less heat of hydration (Type II rather: ’

than Type I), or a combination of cement and pozzolan with
less total heat of hydration. :

4.4—Backfill and clean-up

4.4.1 Agrzcultural installation—Where the pipe is used
for agricultural purposes and. subject only to loads due to
agricultural equipment, backfill should be uniformly placed

to the approximate density of the surrounding soil. A slight

mounding over the trench may be desirable to compensate
for additional or subsequent settlement of the backfill.

4.4.2 Urban installations—Where the pipe is installed in
a city street, the backfill should be placed and compacted in
accordance. with local requ1rements or as directed by the
engmeer

T 4.4.3 Clean-up—The work area should be restored to the
same general condition that existed before the start of con-
struction. :

. CHAPTER 5—SAFETY AND INSPECTION
5.1—Safety .

All applicable codes and regulations should be observed
including the following:

(a) Safety helmets- and glasses should be worn by all
persons working in or around the pipe casting machine.
This also pertains to personnel who remove the forms from
inside the pipeline.

(b) Gloves should be worn by workers handhng forms
and concrete chutes.

(c) Ear plugs should be used where excessive noises may
injure hearing.

(d) An air blower of sufficient size should be used to
adequately ventilate the pipeline while men are in the pipe
to remove forms, and when repair work or 1nspectlon of
pipeline is in progress.

(e) The pipe machine operator should not wear loose
clothing.

(f) Workers should not be permitted in the open excava-
tion during the operation of the machine or when the winch
cable is in tension.

(g) The winch cable should be inspected prior to every
use for burrs or parted strands. If the cable is found dam-
aged, it should be replaced before further use.

(h) The engine and fuel system should be inspected daily -

during use to ensure that no fuel or exhaust Ieakage is oc-
curring.

(i) Proper methods and cables should be used to lift the
pipe machine in and out of eéxcavations. ,

(j) ‘When crossing or digging near gas pipelines, care
should be taken to prevent rupture of such lines. The gas

may enter concrete pipelines and create a hazard. If pipe-

lines are constructed in the vicinity of gas lines, a gas de-
tector should be used to assure that there is no explosive gas
in the line.

346R-13

(k) When crossing or digging-near-electrical:lines, care
should be taken to avoid contact by equipment and person-
nel.

()] Bracmg or shonng should be prov1ded where needed
to protect workmen exposed to. danger of moving ground
and. as requrred by apphcable codes. and. regulations.

(m) All utility companies or others who may have under-
ground facilities in the area should be notified of the project

_and given sufficient notice so that they can locate and mark

their facilities prior to the begmmng of excavation.

5.2—Inspection

During the construction of cast-in-place concrete pipe-
lines, the following procedures are recommended for in-
spectors: :

5.2, l—Check alrgnment and grade to ensure that the
tolerances of. Speclﬁcatrons Section 3.7 are adhered to.

5.2.2—Check condition of trench, including just before
concrete placement, to ensure that the provisions of Spec-
ifications Sections 3.1 through 3.6, inclusive, are adhered
to. :

5.2.3—Measure and record. temperature of the concrete
as specified in specification Section 7.3-and take slump tests
as necessary for control, as provided in Specifications Sec-
tions. 6.4 and 9.2.7. Concrete-with a slump higher .than
required may produce pipe with a rough interior, reduce the
compressive strength of the concrete,-and increase. shrink-
age.

- 5.2.4—Take at least two 6 X 12 in. (150 X 305 mm) test
cylinders for the first 50 cu yd (38 m>) :and at least two
612 in. (150.X 305 mm) test cylinders for each additional
50 cu yd (38 m>) or portions thereof for each day’s work.
Measure and record the slump of ‘each concrete sample as
provided in specification Sections 9.2.4 and 9.2.5.

5.2.5—Check the dimensions of the- cast-in-place pipe
machine prior to its use. Monitor wall. thickness where
possible around the peﬁphery of the pipe as casting
progresses.

5.2.6—Be sure that. the freshly placed ﬂow line area
below the metal forms is troweled if necessary to obtain a
smooth finish.

5.2.7—Where poss1ble inspect the mterror of the pipe
from the inside of the machine frequently. Excessive boil
at the bottom of the metal forms will cause a horizontal
ridge.

5.2.8—Be sure that the top of the pipe is properly pro-
tected to. prevent rapid dehydration, ‘as prov1ded in specifi-
cations Sections 8.1.

5.2.9—At the completion of each placement close the
ends of the pipe with heavy canvas.or equivalent to prevent
drying of the fresh concrete, as prov1ded in specifications

~ Section. 8.1.

5.2.10—Inspect the interior of the pipe as soon as the
forms are removed. Check for voids, for form lap indenta-
tion, interior pipe dimension and smoothness in the flowline
area where troweling is required. Any necessary repairs to
the pipe should be made. promptly.

5.2.11—Stay close to the operation and remain alert. The
success of the operation and the end result may depend on
how well the inspector does his job.
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‘CHAPTER 6—EQUIPMENT CONSIDERATIONS
6.1—General -

Anticipating problems and having a remedy on hand can
* result-in substantial cost savings. A common concert of
- those installing cast-in-place pipe is that équipment might
fail during the coricrete placement process. If the equipment

* carninot be repaired quickly, the result may be the waste of

- concrete that is on the job or'in transit. Many times these
problems can be avoided by using good inspection and
maintenance practices.

6.2—Cleanliness

* Itis very important that equipment be: cleaned immedi-
ately after placement, before concrete hardens..Special at-
_“tention should be paid to the mandrel, tampers, and any
other parts that come in contact with concrete during the
operation. This is commonly done by removing the machlne
from the trench and washing it. C

6.3—Inspection and maintenance

- Problems are often avoided by simply checking equipment
prior to use. Inspection of the machine should include check-
ing of rollers on the mandrel, mandrel seal, oilers, motors
and hoses. Power unit inspection should include oil, water,
fan belts, battery, fuel, hydraulic fluid, winch and cable.

6.4—Metal forms

Excess concrete should be removed from forms immedi-
ately after stripping. This is commonly accomplished by
hitting the form lightly with a spreader stick or other tool.
Forms should be checked for loose or broken hardware,
bends, dents or tears-prior to coating for reuse: This inspec-
tion should preclude use of forms that might jam in the
machine or fail during concrete placement. It is very im-
portant that the forms be properly coated with a good form
release material, just prior to inserting in to the machine. A
program for keeping forms in proper curvature is also im-
portant in avoiding problems durmg ‘placement and strip-
ping operations.

6.5—Trenching equipment

Inspection of bucket dimensions,- wear and setting of
bucket digging teeth should be made prior to and during
excavation. This will help insure proper trench width and
eliminate two possible problems. A trench which is too
wide will cause excessive use of concrete and possible tip-
ping of the machine. Worn teeth or a warped bucket result
in a trench that is so narrow that the machine cannot move
freely.

6.6—"Deadman” Anchor

No single type of “‘deadman’’ is always effective in ev-
ery type of soil. If a ‘‘deadman’” begins to fail, a piece of
equipment on the job site may be used to secure the winch
cable so that concrete placement can be completed.
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CHAPTER 7—REFERENCES
1——Spec|f|ed and/or Recommended Reference'

“The documents of the various standards-producing org
nizations referred to in this document are llsted below wi
their serial designation. :

American Concrete Institute -

211.1-81 Standard Practice: for Selectmg Prop(
tions for Normal, Heavywelght and M:
Concrete

212.1R/212.2R  Admixtures for. Concrete and' Guide 1

‘Use of Admixtures in' Concrete
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‘ “Nonreinforced Concrete Pipe -

Cc33 = - Specification for Concrete Aggregate

C 76 - Specification for Reinforced Concre
. * - Culvert, Storm Drain, and Sewer Pipe

€150 - Specification for Portland Cement -

C 260 Specification for Air-Entrained Adm

* tures: for Concrete -
C 494 * Specification for Chemical Admlxtu]
; .for Concrete
C 595 Specification for Blended Hydrauhc C
ments
C 618 " Spécification for Fly Ash and Raw or C

cined Natural Pozzolan for Use as-M
eral Admixture- in Portland Cement Cc
crete
The above publications may be obtained from the followi
organlzatlons :

Amerlcan Concrete Institute
P.O. Box 19150
Detr01t MI 48219

American Society for Testing and Materials
1916 Race
St. Philadelphia, PA 19103
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