














bore subtracted from the weight of the prism above the bore.
The 2 CB, in Equation 6 represents the cohesion of undis-
turbed soils.

In North America, the field of horizontal directional drilling
(HDD) has made significant progress due to extensive research
by Tom Iseley, referred by some as “the father of trenchless
technology,” Ray Sterling, Larry Petroff, Mohammed Najafi,
Samuel Ariaratnum, Larry Slavin, Erez Allouche,Alan Atalah, Ian
Moore, Mark Knight and others. HDD is the most widely uti-
lized method of trenchless construction in North America.
ASTM F1962, Standard Guide for Use of Maxi-Horizontal
Directional Drilling for Placement of Polyethylene Pipe or
Conduit Under Obstacles, including River Crossings, provides
an understanding of earth loading pressures and subsequent
pipe deflection for thermoplastics such as HDPE when
installed by HDD.

Soil loading on pipe installed by HDD is dependent on many
of the same parameters as pipes installed by open-trench
method, such as depth of bury, in-situ soil properties, pipe
diameter, etc., but additionally, other factors such as the mud-
slurry properties and diameter of boreholes play critical roles
also. Since HDD boreholes are typically 50 percent larger than
the outside diameter of the pipe, it is the deformation of the
soil around the borehole that transfers earth loads (and live
loads if applicable) to the pipe itself. According to ASTM F1962,
“As the deformation occurs, a cavity of loosened soil forms
above the borehole.This cavity is filled by soil sloughing from
above it.The process causes the soil to bulk, that is, the density
of the sloughed soil is less than the density of the undisturbed
soil. The sloughing process continues until an equilibrium is
reached where the stiffness of the sloughed soil is sufficient to
resist further sloughing from the soil above.This bulking state
results in arching of load around the pipe (that is, the earth
load applied to the pipe is less than the geostatic stress or
prism load).” Figure 5 illustrates this.
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Figure 5: Soil Archmg 1ﬁHDD applles to
non-viscous soils

Only when a pipe is drilled into a depth that is at least five
times the outside diameter of the pipe should credit for arch-
ing be considered. While the document acknowledges a lack
of published equations for calculating earth loads on pipes
installed by HDD, it makes references to some recent publica-
tions on soil arching in other trenchless construction methods
that may be utilized to arrive at a realistic loading on the pipe.
An equation is provided to calculate the possible deflection of
the pipe.

Conclusion

In addition to the importance of accounting for the soil
load on buried pipe (dead load), it is also important to
account for live loads, whenever applicable, such as moving
vehicles (live load) when a pipe is buried under a highway
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or railroad embankment. One way in which this is done
is by use of modified Boussinesq equations, details of
which were not discussed in this article.

It is important to remember that the concern for soil
pressure on a pipe is limited to empty pipe or gravity
flow pipelines where the conduit never flows full. In
municipal pressure piping systems, where the internal
pressure is typically much greater than external soil
pressure, the former supports the latter when the line is
placed into service. For larger diameter flexible pres-
sure pipelines however, it is always appropriate to run a
check that the soil conditions are appropriate to limit
the pipe’s allowable vertical deflection as permitted by
specification and to prevent any damage to rigid linings
and/or coatings due to excessive deflection.

The value of soil load analysis is to arrive at the
required pipe strength necessary to build a municipal
pipeline of sufficient structural integrity to serve its
design life. The design process varies from rigid to flex-
ible pipe, and usually by pipe material also.The second
part of this series in the next issue will review current
design practices for rigid and flexible pipes with regards
to earth loading.

Shah Rahman is the western regional engineer for
Northwest Pipe Co., based in Southern Calif. He is an
Associate Editor (Pipe Materials) for the ASCE Journal of
Pipeline Systems Engineering and Practice.
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