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MANUALS AND REPORTS
ON ENGINEERING PRACTICE

(As developed by the ASCE Technical Procedures Committee, July 1930,
and revised March 1935, February 1962, and April 1982)

A manual or report in this series consists of an orderly presentation of
facts on a particular subject, supplemented by an analysis of limitations
and applications of these facts. It contains information useful to the
average engineer in his or her everyday work, rather than findings that
may be useful only occasionally or rarely. It isnot in any sense a “standard,”
however; nor is it so elementary or so conclusive as to provide a “rule of
thumb” for nonengineers.

Furthermore, material in this series, in distinction from a paper (which
expresses only one person’s observations or opinions), is the work of a
committee or group selected to assemble and express information on a
specific topic. As often as practicable, the committee is under the direction
of one or more of the Technical Divisions and Councils, and the product
evolved has been subjected to review by the Executive Committee of the
Division or Council. As a step in the process of this review, proposed
manuscripts are often brought before the members of the Technical
Divisions and Councils for comment, which may serve as the basis for
improvement. When published, each work shows the names of the
committees by which it was compiled and indicates clearly the several
processes through which it has passed in review, in order that its merit
may be definitely understood.

In February 1962 (and revised in April 1982) the Board of Direction
voted to establish a series entitled “Manuals and Reports on Engineering
Practice,” to include the Manuals published and authorized to date, future
Manuals of Professional Practice, and Reports on Engineering Practice.
All such Manual or Report material of the Society would have been
refereed in a manner approved by the Board Committee on Publications
and would be bound, with applicable discussion, in books similar to past
Manuals. Numbering would be consecutive and would be a continuation
of present Manual numbers. In some cases of reports of joint committees,
bypassing of Journal publications may be authorized.
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PREFACE

This manual of practice was prepared by the Pipe Ramming Task Force
of the ASCE Committee on Trenchless Installation of Pipelines (TIPS),
under supervision of the Pipeline Division. The manual describes current
pipe ramming practices used by engineers and construction professionals
in designing and constructing pipelines under roads, railroads, streets,
and other constructed and natural structures and obstacles. The TIPS
Committee, under the leadership of Ahmad Habibian, PE. (Past Chair)
and Timothy Stinson, PE. (Current Chair), is responsible for the efforts
leading to this publication. The committee would like to thank contributors,
task force members, and blue ribbon reviewers, whose names follow, for
their support, time, and effort. The efforts of Baosong Ma, Professor,
College of Engineering, China University of Geosciences, Wuhan, who
was a visiting scholar at the Center for Underground Infrastructure
Research and Education at The University of Texas at Arlington during
the time this manual was being developed, is greatly appreciated.

Mohammad Najafi
ASCE Pipe Ramming Task Force Chair
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CHAPTER 1
GENERAL INFORMATION

1.1 INTRODUCTION AND BACKGROUND

This manual addresses pneumatic pipe ramming, which is widely used
for installation of steel pipes and casings. The manual does not address
other types of trenchless technology methods, which are also used for the
installation of casings and pipelines, such as horizontal auger boring or
horizontal directional drilling (see Section 1.5 for related documents).

Pipe ramming is a technique for inserting a steel pipe from a launch
(drive) pit by means of ramming or pushing the pipe through soil using a
pneumatic percussion hammer or rammer or a hydraulic jacking system.
The pneumatic percussion hammer method uses the dynamic force and
energy transmitted by the percussion hammer, which is attached to the
end of the steel pipe, to drive the pipe through the soil. The hydraulic pipe
jacking method uses the cyclical thrust of the hydraulic jacks to force the
pipe through the soil. Steel pipe is used in essentially all applications
because of its ability to withstand the ramming forces and typical loading
conditions encountered. Steel pipe has been installed in lengths exceeding
400 feet (122 m) for diameters up to 60 in. (1,524 mm) and, for relatively
short distances (e.g., 100 ft or 30 m), in diameters exceeding 120 in.
(3,048 mm).

Pipe ramming is most appropriate for installation of large-diameter
pipes over a short distance and for shallow-depth installations. It is
suitable for all ground conditions except those for which the entire pipe
perimeter is engaged with solid rock and is often successful where some
other trenchless methods can lead to unacceptable surface settlement.
Pneumatic pipe ramming is most commonly used in applications with a
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2 PIPE RAMMING PROJECTS

horizontal orientation, but it can also be used for vertical applications,
such as driving piles or micropiles. The primary applications of this
method are the placement of casings beneath roadways or railroads
at crossings, or at crossings beneath streams. The casings may contain
water or wastewater pipelines or serve as a utility gallery for electric,
telecommunications, or fiber optic cables. The installed casing can also
be used directly as a storm culvert or product pipeline in which interior
coatings are applied after spoil is removed. Pipe ramming has also been
used to install a larger pipe in place of an existing pipeline. Pipe ramming
is an economical alternative to open trenching because it can reduce
pavement damage, traffic disruptions, and the social costs associated with
pipeline installations.

This manual of practice has been prepared to assist engineers,
contractors, and owners who are using the pipe ramming method to
design and execute pipe installation projects effectively, safely, and in
conformance with project requirements and site conditions. The objective
of this manual is to give a clear understanding of the method’s capabilities
and limitations; to outline important design and construction consider-
ations; and to identify potential problems and prevention measures,
thereby instilling confidence in the use of the method. The guidelines
provided are based on case studies, workshops, project reviews, technical
papers, and other information contributed by industry experts.

1.2 METHOD DESCRIPTION

The two major categories of pneumatic (or percussive) pipe rammmg
are closed-face and open-face.

The technique for closed-face pipe ramming (also called plercmg,
impact moling, or compaction method) includes welding a cone-shaped
head to the lead end of the first segment of pipe (casing). The head
penetrates and compresses the surrounding soil, and the casing is rammed
forward. The soil-pipe installation interaction with this technique.is
similar to what occurs during soil-compaction methods. The soil is
displaced and compressed around the outer surface of the steel pipe. This
technique can be used for pipe up to 8in. (200 mm) in diameter. This
method is mainly used for installation of cables and small-diameter
conduits under roads and streets. This method is widely used on
nonengineered jobs.

Open-face pipe ramming allows the front end of the lead steel casing
or conduit to remain open. With this technique, most of the soil particles
remain in place, with only slight soil compaction occurring around the
pipe during the ramming process. One advantage of open-face pipe
ramming is the ability to swallow large rocks and boulders during the
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GENERAL INFORMATION 3

ramming process. Rocks and boulders as large as the inner diameter of the
steel pipe can be swallowed by the casing. This technique is used for pipes
larger than 8 in. (200 mm) in diameter.

To facilitate the open-face pipe ramming process, the lead edge of the
first casing is usually reinforced by welding a steel band 12 to 14 in. (305
to 356 mm) wide around the exterior face of the pipe. The banding provides
two advantages: (1) it reinforces the lead edge, and (2) it decreases the
frictional drag around the casing. A steel band can also be welded around
the inside edge of the lead section of pipe. This band adds further
reinforcement, protects the casing end from damage if cobbles or boulders
are encountered, guides the boulders into the casing for removal, and
creates clearance for the soil within the casing. This clearance helps during
the cleanout process and reduces the frictional drag within the casing. For
small-diameter casings, after the casing installation is complete, the soil
that has entered the casing can be removed by applying compressed air
or water from either end. For larger diameters, augers can be used to
mechanically remove the soil from inside the casing.

For either the closed-face or open-face process, bentonite or polymer
lubricants may be needed for large-diameter pipes with longer ram
lengths, or in some soil conditions, such as stiff clays or sands. A small
steel supply pipe installed on top of the steel casing delivers the lubricant.
The start of the supply pipe should be installed at a point approximately
24 in. (600 mm) behind the leading edge. The supply line is used to supply
water, bentonite, or polymer lubricants outside or inside the casing (or
both); to aid in spoil removal; to reduce exterior or interior skin friction;
and to maintain the integrity of the hole being created.

1.3 RECENT INNOVATIONS (COMBINING PIPE RAMMING AND
HORIZONTAL DIRECTIONAL DRILLING)

Some of the most interesting and impressive trenchless projects have
been accomplished through the use of directional drilling. However,
drill operators and manufacturers are finding new and creative ways of
addressing particularly difficult projects and situations by using pipe
ramming technology to assist directional drills. The techniques are
changing the way drillers approach projects and respond to problems on
the job.

Several techniques have been successfully used to help prevent failures
in directional drilling projects or salvage bores by using pipe ramming
technology. Thus, properly configured pneumatic pipe rammers can be
used to salvage product pipes, remove stuck drill stems, and assist drills
during product pullback, overcoming hydrolock, or other problems that
may hamper the pipe installation. Drilling contractors throughout North
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4 PIPE RAMMING PROJECTS

America have successfully used all of the directional drilling assist
techniques described below.

1.3.1 Bore (Product Pipe) Salvage

A pneumatic pipe rammer may often be effectively used to salvage a
stuck product pipe. For this procedure, a pneumatic pipe rammer is
attached to the exposed end of the partially installed product pipe in an
orientation that tends to pull the pipe from the ground. This can be
accomplished through a fabricated sleeve (Fig. 1-1). A winch or other type
of pulling device is used to assist the rammer during the pipe removal
operation. The percussive power of the pipe rammer is often sufficient to
free the stuck pipe and to then allow it to be readily removed from the
ground.

1.3.2 Drill Stem Recovery

There are two possible configurations for applying a pneumatic pipe
rammer to assist in drill stem recovery. Depending on the situation,
contractors can directly pull the drill stem from the ground using the
power of a ramming tool or, if the stem is still attached to the drill rig, they
can use the ramming tool power to push on the opposite end of the stem
to assist with the drill rig pullback action (Fig. 1-2).

1.3.3 Pullback Assist

The pullback assist technique helps install the product pipe in
problematic situations. For example, when drilling underwater or in loose

FIGURE 1-1. Bore salvage.
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GENERAL INFORMATION 5

FIGURE 1-2. Drill stem recovery.

flowing soil conditions, or when there is loss of drilling fluid circulation,
a condition known as hydrolock can occur. Hydrolock results when the
pressure at the leading end of the product pipe restricts its forward
movement. Alternatively, soil pressure along the side of the pipe due to
partial collapse of the borehole may cause additional frictional drag, thus
inhibiting the pipe movement. In such cases, the required pull forces may
exceed the drill rig’s pullback capability or the product pipe’s tensile
strength. The percussive pushing action of a pipe rammer applied at the
tail end of the product pipe may be used to help free the immobilized
pipe.

The pullback assist technique has been successfully used on steel pipe
as well as high-density polyethylene. The technique can be used initially
as a precaution in anticipation of possible problems, such as those
described above, or after the pipe has become immobilized (Fig. 1-3).
Response time, however, is a key factor. The rate of success greatly
improves as the response time decreases. Therefore, many drilling
contractors bring ramming equipment to directional drilling sites to be
able to respond quickly to problems that may develop.

1.3.4 Conductor Barrel

The. success of a drilling operation can often be determined before
initiating the drilling operation. If the soil conditions at the planned entry
point are problematic, the success of the entire project may be jeopardized.
In such cases, the conductor barrel process may be appropriately used.

The conductor barrel technique differs slightly from the preceding
methods because it is incorporated into the initial boring plan, rather than
being deployed only in the event of a problem that may arise at some
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6 PIPE RAMMING PROJECTS

FIGURE 1-3. The pullback assist technique.

FIGURE 1-4. The conductor barrel process.

stage. In this method, a clear pathway is created through poor soil
conditions, allowing the actual drilling operation to begin in more
preferable soil conditions. Areas with loose, unsupported soils are prime
candidates for the conductor barrel method.

During the conductor barrel process, open-face casings are rammed
into the ground at a predetermined angle until desirable soil conditions
are met. The spoil is removed from the casing with an auger or core barrel.
Drilling then proceeds within the casing, beginning at a point where more
desirable soil conditions are encountered. In addition to assisting drilling
operations at the start of the installation, the conductor barrel can prevent
situations in unstable soils in which drilling fluids under pressure force
their way into waterways or wetlands, acting in a similar fashion to
containment cells. The conductor barrel may also serve as a low friction
section, facilitating pullback (Fig. 1-4).
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GENERAL INFORMATION 7
1.4 ORGANIZATION OF THIS MANUAL

This manual of practice presents detailed information on pneumatic
pipe ramming and hydraulic pipe jacking technology, supplemented by
analysis of limitations and applications of these facts. Chapter 2 discusses
the planning phase. Chapter 3 addresses the design and preconstruction
phase, Chapter 4 provides information on the pipe materials, Chapter 5
discusses the construction phase, and Chapter 6 presents several case
studies. At the end are a glossary and a list of references.

1.5 RELATED DOCUMENTS

American Society of Civil Engineers. (1996). Pipeline Crossings, ASCE
Manuals and Reports on Engineering Practice No. 89. ASCE, New
York.

American Society of Civil Engineers. (2002). Standard Guideline for the Col-
lection and Depiction of Existing Subsurface Utility Data, C1/ASCE 38-02.
ASCE, Reston, Va.

American Society of Civil Engineers. (2004). Horizontal Auger Boring
Projects, ASCE Manuals and Reports on Engineering Practice No. 106.
ASCE, Reston, Va.

American Society of Civil Engineers. (2004). Pipeline Design for Installation
by Horizontal Directional Drilling, ASCE Manuals and Reports on Engi-
neering Practice No. 108. ASCE, Reston, Va.

American Society of Civil Engineers. (2007). Geotechnical Baseline Reports
for Construction—Suggested Guidelines, ASCE, Reston, Va.

American Society of Civil Engineers. (2007). Pipe Bursting Projects, ASCE
Manuals and Reports on Engineering Practice No. 112. ASCE, Reston,
Va.

Najafi, M. (2005). Trenchless Technology: Pipeline and Utility Design, Con-
struction and Renewal. McGraw-Hill, New York.

Guidelines for Pipe Ramming. (2007). TTC Technical Report No. 2001.04,
available at: http://www.latech.edu/tech/engr/ttc/publications/
guidelines_pb_im_pr/ramming.pdf.
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CHAPTER 2
THE PLANNING PHASE

The planning of a project has a major effect on the overall success
because of the leveraging effect that decisions made at this phase have on
all subsequent project activities. Planning is performed by all parties in
different stages of the construction process, but initial planning is typically
done by the project owner using the services of an engineer.

The nature of the project may have a great effect on the planning process
itself. The planning phase for a planned and budgeted capital improvement
can proceed in a more regulated and orderly fashion than that for an
emergency pipe replacement caused by a collapse in a major roadway,
i.e., an unexpected, unscheduled, unbudgeted, unwanted, and extremely
urgent project. For an accelerated schedule appropriate for an emergency,
the speed of completion often outweighs all other priorities. This may lead
to the selection of a project delivery system and contracting method
that focuses on speed, such as design-build, cost plus, etc., rather than
preparation of bidding documents, including bid advertisement, opening,
review, and award. These issues should be identified and considered in
the first activity (background assessment) of the planning phase.

It is important in the planning process for the project owner to clearly
identify, define, and communicate the project priorities to all those
working on the project. The project owner should also perform a self-
evaluation of his or her project management team to help ensure that these
priorities are being followed and that conflicting priorities are not
inadvertently introduced that may affect project performance.

Some suggested planning activities are listed in this section along with
more detailed considerations for the various elements. The planning
activities are listed in typical chronological order, which in general
proceeds from the more general to the more specific concerns, with each
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10 PIPE RAMMING PROJECTS

activity relying, to some degree, on the previous activity’s results.
However, as discussed above, the project background and priorities may
require modification, consolidation, rearrangement, or other changes to
these suggested activities.

2.1 PLANNING ACTIVITIES

Proper planning helps to ensure that the project will meet the needs
and priorities of the owner. The major activities that typically are performed
during the planning phase include the following;:

background assessment,

identification and screening of alternatives,
data collection, and

¢ evaluation and selection of design alternatives.

A detailed discussion of each activity is presented below.

2.1.1 Background Assessment

The background assessment evaluates various factors, usually of a
nontechnical nature, that establish the conditions and limitations of the
project, including the project priorities. Some factors that may be
considered include the following:

e Is the project a planned improvement or an emergency condition?
e What is the project budget limit?

e What is the project schedule?

e Are there any political considerations?

e What are the effects and ramifications to public safety and health7
e What are the constraints on construction (by any method)?

* What are the regulatory considerations and effects?

2.1.2 Identification and Screening of Alternatives

A general screening of potential alternatives based on the technical
conditions and project needs serves to further eliminate candidate
solutions and identify the type of preliminary design data that must be
collected for the project to proceed. Some items that may be considered
include the following:

¢ Installation of a new pipe, rehabilitation of the existing pipe, or
repair of the existing pipe.
Documents
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THE PLANNING PHASE 11

o What are the existing and future land uses for the areas served
by this pipe?

o What are the current and future service requirements for this
pipe?

o What is the ability of this pipe to meet the identified service
requirements?

o Is the existing location of this pipe favorable to its continued use
in the future?

e Construction method: conventional trenching vs. trenchless, or a
combination of these methods.

o What are the surface conditions?

o What are the subsurface conditions?

o Which alternative is more attractive overall: installation of a new
pipe, rehabilitation of the existing pipe, or repair of the existing
pipe?

o What is the potential for settlement and other geotechnical
issues?

o Are there special safety considerations in the project area?

¢ Methods and materials based on present and future conditions.

o What flow capacity is required?

o What is the optimal diameter of the pipe for the identified service
conditions? 5

o What effects will the subsurface conditions have on the methods
and materials being considered? ‘

o What are the pipe service conditions?

o What are the line and slope tolerances?

e Any additional special considerations or data that may be required
to successfully complete this particular project. For example, are
there concerns about potential soil contamination? ‘

2.1.3 Data Collection

This activity includes investigations to provide the information required
to identify, screen, and evaluate candidate alternatives for consideration
in the design phase. The purpose of data collection is to provide information
relating to the following:

 Service conditions:
o What are the existing and future service areas and land use?
o What is the internal corrosion potential for the proposed pipe
materials?
o What are the structural requirements?
¢ Physical conditions:
o What is the topography?
Documents
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12 PIPE RAMMING PROJECTS

o What are the surface features?
o What and where are the existing utilities?
o Should subsurface utility engineering be undertaken?
o What and where are the sensitive areas within the project site?
o What historical data are available for the project site?
¢ Subsurface conditions:
o What are the general soil types, locations, and in situ
conditions?
o What is the potential for the presence of rocks, cobbles, or
boulders?
o Is groundwater present, and if so, what is its depth?
o What is the soil’s corrosion potential for the pipe exterior?
o What is the soil’s settlement potential?
¢ Possible soil contamination:
o [s the soil contaminated? ;
o Is special handling required to protect the equipment and work:
staff? :
o What are the requirements for disposal?

2.1.4 Evaluation and Selection of Design Alternatives

The last planning activity consists of the final screening and selection of
the various alternatives to be addressed during the design phase. This
final screening is based on the data collected above in addition to data
regarding the following:

¢ Determination of the pipe service requirements and conditions:
o What length of pipe is under consideration?
o What are the structural requirements?
¢ Constructability and site limitation:
What are the surface effects of the construction techniques?
What are the easement needs of the construction techniques?
What effects will groundwater have?
What is the effect of other utilities?
Are there special restrictions on allowable noise levels?

o

o

o

o}

o

The following sections examine in greater detail some of the factors
listed above and their interrelationships.

2.2 PREDESIGN SURVEYS

Predesign surveys help to identify and obtain preliminary information
needed for the design of the project. Although the responsibility for the
surveys is not assigned to a specific party, it is preferable thiXoleinmernrts
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THE PLANNING PHASE 13

and the engineer obtain as much of this information as possible and
incorporate it into the design, rather than require the contractor to collect
such information. Information critical to the successful completion of the
project can then be verified by the contractor in the field before beginning
the work. The bidding and contract documents should delineate the extent
towhich the bidders (and ultimately the contractor) can rely on information
supplied by the owner.

2.2.1 Land Use

The existing and future land use in the area affected by the line being
installed or replaced is perhaps the most important detail that must be
faced in planning capital expenditures. The land use will help identify the
service conditions and service life of the pipeline (e.g., water or sewer).
Such an obvious consideration has been overlooked in many projects. For
example, installation of a culvert in an area that will undergo dramatic
land use changes may soon have inadequate hydraulic capacity. This
consideration may affect service conditions and design life expectations of
the pipe under consideration. Appropriate state and local hydraulic design
guidelines must be followed for pipe size selection.

2.2.2 As-Built Drawings

The as-built drawings and any available documentation from other
projects in the vicinity of the project being considered should be reviewed.
If previous soil borings are available, they should be reviewed and
included with the supplemental information available to the bidders.
Although extremely useful, the existing as-built drawings should not be
assumed to determine the precise location of existing pipes, but they
should be verified based on the other surveys described.

2.2.3 Site Conditions and Surface Survey

Site conditions, including surface improvements, must be thoroughly
investigated and documented. The following details should be part of this
documentation:

e the location of other existing utilities, both parallel and perpendicu-
lar to the line in question (see Section 2.2.4 of this chapter). This
information must include the height or clearance limits of these
other utilities.

e detailed notes showing surface improvements, such as trees
and shrubs, type of ground cover, paving, and its condition. All
pedestrian and motor vehicle traffic paths must be shold@acuments
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14 PIPE RAMMING PROJECTS

When any of the above details cannot be ascertained, the plans should
be noted to reflect that the information is missing. All the information
must be field verified by the contractor before beginning work.

2.2.4 Subsurface Survey

When designing and specifying trenchless construction, the existing
underground site conditions (subsurface) should be investigated and
documented to the degree appropriate for the technology selected. The
following items may be considered for pipe ramming;:

e subsurface soil conditions, including types of soils, rocks, and
groundwater;

e existing buried utility locations, including types, sizes, depths, and
crossing requirements (see Section 2.2.5 of this chapter);

¢ the potential for the presence of contaminated material; and

¢ other underground construction.

Some of the available subsurface technologies (such as ground
penetration radar) may not work successfully in certain ground conditions.
Proper information at the planning stage is essential for selecting the
proper materials and methodology for the project.

2.2.5 Utility Locating

The predesign survey should locate and identify all of the existing
underground utility lines in the area within 15 feet (5 m) laterally of the
proposed pipe ramming operation. This effort can be accomplished by a
variety of techniques, each yielding differing levels of information and
certainty, including review of the as-built drawings available from the
different utility owners, geographic information system (GIS) data, utility
maps, pipeline markers, One-Call location and marking, carefully exposing
the utility by excavation (usually by vacuum methods), and field surveying
its location with respect to the project coordinate system. In some cases,
additional field visits and exploratory efforts may be appropriate.

2.2.6 Subsurface Utility Engineering

The following discussion of subsurface utility engineering (SUE) is
based on ASCE 2002.

Subsurface utility engineering can be defined as “a branch of engineer-
ing practice that involves managing certain risks associated with utility
mapping at appropriate quality levels, utility coordination, utility
relocation design and coordination, utility condition assessment,
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