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ABSTRACT
Trenchless construction techniques eliminate the need to open-cut roadways, railroads,
canals, city street intersections, and other locations where trenches for pipe and casing
inch
and greater casing) trenchless techniques include microtunneling, pipe jacking, auger boring, and
pipe ramming. Steel casing is often the product of choice for these techniques due to its strength,
toughness, flexibility, resistance to high jacking forces, and butt-welded joints. Mechanical
interlocking joints have steadily gained acceptance and use as a substitute for butt welded joints
on steel casing pipe. The interlocking joints eliminate the need for time-intensive field butt
welding and the associated higher cost. Fully machined interlocking connectors manufactured
per ASTM A1097 are preinstalled in the factory and when joined in the field, are flush with the
outside diameter of the pipe providing no additional drag or increased jacking force
requirements. This paper will discuss the use and installation of mechanical interlocking field
joints for casing installations with case histories. The paper will assist engineers and owners with
casing design and specification considerations, and discuss the efficiencies gained with the
various styles of innovative mechanical interlocking joints.
CASING PIPE HISTORY AND INSTALLATION METHODS
Trenchless installation techniques have been recorded in one form or another dating back to
early Roman times, basically for as long as pipe has been put in the ground. There have been
incredible innovations in trenchless technologies over the years
The need for improved installation methods has driven the industry to make huge leaps in
trenchless capabilities and technology. Those jumps are continuing to occur as trenchless
installation becomes more and more favorable vs traditional open cut in many applications.
Trenchless technology encompasses many areas including renewal and replacement of
existing pipelines and utilities. This paper will focus on new installations, but the technology can
be used for renewal or replacement applications as well.
There are many variations and concepts used in trenchless installations; some require manned
entry of the pipe during installation, where with others the operations are completed without
entering the pipe during install. All of the methods discussed here will use steel pipe in one
aspect or another.
Some typical manned entry installation methods include:
Mechanical open shield pipe jacking: the pipe is jacked in the soil and the material at the face
of the excavation is removed either manually or with excavation equipment.
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Along with the time and cost savings there is the inherent safety issues that are eliminated by
removing welding from the installation process. There are always safety concerns with welding;
improper grounding can damage electronics and other systems in the boring equipment. If there
is ground water present, welding in wet conditions offers its own set of safety concerns.
One of the advantages of using interlocking joints that may be less obvious is the reduction
of some of the friction forces that can be generated in trenchless installations. When the pipe
installation is stopped for the welding process, the material around the pipe can settle in over a
relatively short period of time, dramatically increasing the start-up friction drag. This in turn
requires substantially more force to get the pipe moving again after a down period. The longer
the pipe sits, the harder it gets to overcome the friction forces that have developed.
It has also been found that in longer installations, such as microtunneling, where the
alignment must be adjusted during the installation to deal with varying soil conditions, the
interlocking joint offers some freedom for articulation. Because of the articulation the joints will
allow the tunneling machine to steer the pipe through the soil. With the beam strength of welded
joint steel pipe, the pipe tends to force or steer the machine a particular direction through the soil,
often not in the direction the operator needs.
The following two recent innovations in interlocking joints have been designed for specific
installation methods. An auger bore (AB) joint allows the interlocking joint to be engaged
straight on and with lower force of engagement. This allows for easier connection of the auger
flights inside the pipe sections. A pipe ramming joint that offers an increase of energy transfer
across the joint during the ramming process has also been developed.
Interlocking joints have been successfully used for casing, carrier and outfall pipe. The more
common installation methods that have used interlocking joints include microtunneling, tunnel
boring, auger bore, pipe ramming and horizontal direction drilling.
DESIGN CONSIDERATIONS
In regards to the pipe in a trenchless project, all pipe materials have properties that should be
considered in the design to provide ease of installation and a finished installation that meets or
exceeds the expectations of the project and its future operation. Regardless of the pipe material,
it is prudent to build a project specification and design with a foundation of a national standard.
For steel casing pipe ASTM A1097, Standard Specification for Steel Casing Pipe, provides that
foundation.
Important aspects covered in the standard are pipe straightness, end preparation and
tolerances, pipe roundness, thickness, diameter, steel grades and pipe weld quality. ASTM
A1097 covers both field welded casing as well as interlocking joints. For the specifier, ASTM
A1097 offers a simple, yet complete way to specify steel pipe for casing installations.
Pipe cylinder smoothness, both on the interior and exterior, and flush joints assist the
installation, through reduced friction and subsequent jacking effort. Pipe straightness and end
preparation also help with potential jacking loads, but more importantly, assist with keeping the
drive heading where it is intended.
The steel interlocking joint offers designers some tools that are different from other joints
and materials. When a precision machined end is mated, the eccentricity that can happen in field
welded joints does not exist. The joint also offers some degree of flexibility to negotiate
adjustments in alignment similar to what a gasket joint might offer, but the interlocking joint is a
homogenous material; the steel provides a resistance to keep the joint aligned, and not develop
eccentricity that gasket materials may allow. Allowable jacking forces for the steel interlocking
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joint can be developed in a similar fashion to a welded joint.
The precision machined joints do not allow soil infiltration, and typical installations include
the addition of a silicone based material to both aid in the assembly of the joint, and also provide
a sealing effect to prevent water infiltration.
APPLICATIONS
Steel interlocking joints are used in many trenchless applications including micro tunneling,
tunnel boring, auger bore, HDD, and pipe ramming. With any trenchless application where steel
pipe may be utilized, interlocking joints can provide additional benefits. The interlocking joint
also offers installations that may not be possible with welded steel joints such as:
Urban areas where the increased speed of installing interlocking joints can reduce the
time needed for the open pits or trenches that cause substantial social impacts through
traffic and safety concerns.
Areas where welding is not practical or possible, either due to safety or environmental
concerns.
High water table conditions where speed of install is important and welding may be
impossible.
CASE HISTORIES
Wildcat Point Generation Facility
Construction of the Wildcat Point Generation Facility (WPGF), Figure 6, was begun in late
2014 on the northern border of Maryland and completed in 2017. A primary input to the power
generation process was water that would require 23,000 linear feet (7,010 m) of intake and
discharge lines that would pass below an active rail road, through mixed soils consisting of
separate areas of rock, fine grained alluvial soils, and river silts. Besides soil conditions, a
primary concern with the project would be counteracting the buoyant forces on the pipe and
conducting a wet retrieval of the Microtunnel Machine in a condensed and aggressive schedule.

Figure 6. Wildcat Point Generation Facility
Interlocking steel pipe was the preferred pipe material for this project to allow for rapid
installation addressing any potential of settling during the microtunnel installation. The final
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project would consist of a single drive with 160 linear feet (48 m) of 60-inch (1,524 mm)
diameter by 0.844-inch (21.4 mm) wall and 900 linear feet (274 m) of 60-inch (1,524 mm)
diameter by 1.625-inch (41.2 mm) wall thickness pipe. To address the concern of buoyancy it
was determine that increasing the wall thickness would not be sufficient to overcome the current
and buoyant forces. It was determined to add cast iron counter weights encased in 0.625-inch
(15.875 mm) plate to increase the pipe weight to over 2,000 pounds per foot (2,976 kg/m) while
still providing sufficient internal space for the operation of the intake structure (see Figure 7).
The final project was completed in 2016 utilizing 24 hour-a-day, seven day-a-week shifts to
complete the project nearly six months faster than operating on traditional shifts and welding of
pipe.

Figure 7. Cast Iron Ingots for Buoyancy
OHSU Center for Health and Hearing-South
The OHSU-CHH South project, Figure 8, was driven by the need for expanded and updated
healthcare facilities in support of the OHSU Mission. The project included a 15-story hospital
and research building and adjacent 11-story Family Pavilion and parking garage. As the city of
Portland has a moratorium on elevated pedestrian bridges connecting buildings, construction
plans called for the design and installation of approximately 70 linear feet (21 m) of 12 ft. (3,657
mm) diameter pedestrian tunnel to be installed with a depth of cover in excess of 30 ft. (9.1 m).
With the pipe connecting buildings within a critical healthcare network and the volatile seismic
nature of the area, the soils, primarily consisting of glacial till and boulders, presented some
unique challenges to this project.
The final design consisted of 72 linear feet (22 m) of 144 in. (3,675 mm) diameter pipe with
a 1.25 in. (31.75 mm) wall thickness to be installed via Pipe Ram. Steel pipe with interlocking
joints was selected by the contractor as the preferred pipe for the project. The selection was
based on two primary factors: the mechanical press fit connection, removing the necessity to
weld the pipe therefore reducing project completion time, and the seismic performance of the
pipe itself. The job was completed ahead of schedule achieving all of the parameters of the
project resulting in one of the largest diameter pipe ram installations ever completed.
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