








equal to the ratio of the pipe diameter to the width bf the 
trench. 

(We) Rigid Pipe 

(We )Flexible Pipe C droBd·B e 

If the trench is twice as wide as the buried pipe, the load 
imposed on a rigid pipe will be twice the load imposed on 
a flexible pipe with side fills having the same degree of 
stiffness as the flexible pipe itself. 

Load Calculations in Embankment Condition 
For pipe installed under an embankment, Marston derived 

another formula, equation 4. 

(Equation 4) 

where Wc is the load on the pipe under embankment Cc 
is a dimensionless load coefficient for embankment condi­
tion that accounts for the ratio of the height of fill to pipe 
diameter, the shearing forces between interior and adjacent 
soil prisms, and the direction and amount of relative settle­
ment between interior and adjacent soil prisms 

w is the unit weight of soil , and 
Bc is the pipe diameter 

Since tllere is no trench by definition of a positive embank­
ment condition, the trench width, B

d
, is not a part of equa­

tion 4 . For Cc' when the product of tlle settlement ratio, rsd , 
and the projection ratio, p, equals zero, i.e. prSd = 0, then Cc 
= HIBc' If this is substituted into Equation 4, the load on a 
pipe underneath an embankment is defmed as 

(Equation 5) 

where, H is the burial depth of the pipe 

Equation 5 is referred to as the prism 10ad.As stated ear­
lier, for rigid pipes, settlement ratio under an embankment 
is positive (pr",>O) and for flexible pipes, settlement ratio is 
negative (pr",<O). The condition prsd = 0 for flexible pipe 
is therefore conservative and is the maximum load that will 
be imposed by soil on a flexible pipe in virtually all cases. 
In practice, for design purposes, under bOtll trench and 
embankment conditions, the prism load is always used for 
flexible pipes. 

Pipe in Wide Trenches 
Equation 2 for rigid pipes indicates that the load on buried 

pipe is directly related to tile trench width, i.e. the wider the 
trench, the higher tile 10ad.TIus relationship between trench 
widti1 and load is applicable and equation 2 for trench concli­
tion can be used for all trench widths below that wluch gives 
a load equal to tile load indicated by equation 4 for a positive 
embankment conclition. The width at which tile load equality 
for ti1e two equations develops is referred to as tile transition 
widtll.The embankment equation (4) must be used for rigid 
pipes beyond ti1e transition width. 
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Corroboration of Marston Load 
Marston 's observations of load on buried pipe were vali­

dated in a 21-year study, from 1927 to 1948, where con­
crete, cast iron (both rigid pipes) and corrugated steel 
pipes (flexible pipe) were buried under an embankment of 
15 ft . Measured loads on the pipes were compared with 
loads calculated by the Marston theory of loads on under­
ground conduits, and were found to closely agree. Figure 4 
presents measured loads on the concrete and corrugated 
steel pipe. It can be seen that the load on the concrete pipe 
was consistently 50 percent greater than that on the cor­
rugated steel pipe of approxinlately the same diameter.TIus 
load difference can be attributed to the difference in verti­
cal deflection of the pipes that influenced the settlement 
ratios, and the magnitude of the shear stress components, 
as correctly theorized by Marston for flexible and rigid 
pipe materials. His assertion that the load on a rigid pipe 
would always be higher than the load on a flexible pipe 
due to the differences in interaction between each type of 
pipe with surrounding soils was therefore corroborated . 
The study also verified the presence of a plane of equal 
settlement which Marston had originally predicted purely 
based on mathematical reasoning. 
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.Figure 4: Soil Load Differences in Rigid and Flexible Pipes in 21-
Year Study 

Trenchless Technology 
In recent years, the challenges of constructing new or reha­

bilitating old buried pipeline infrastructure in lughly devel­
oped urban areas has lead to ti1e development of various 
construction and renewal meti10ds ti1at avoid lie cutting of 
trenches and cause mininlal surface intrusion. Generally 
referred to as trenchless tec1mology, ti1ese meliods include 
directional drilling, microtunneling, pipe jacking, auger boring, 
sliplining, pipe bursting, and oti1ers. The load on a jacked or 
tll11l1eled conduit, can be described as: 

(Equation 6) 

where,Wt is ti1e load on a jacked or tll1111eled pipe 
C, is a dimensionless load coefficient for tunneled or jacked 

pipe 
w is the unit weight of soil , and 
B is the maximum width of bore excavation 

'is the cohesion of the soil above the excavation 
The vertical load at the top of the bore within the width 

of lie excavation is tlle upward friction forces and tile soil 
cohesion along the limits of the soil prism directly above the 
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bore subtracted from the weight of the prism above the bore. 
The 2

e
C,B, in Equation 6 represents the cohesion of undis­

mrbed 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, 
SamuelAriaratnum, Larry Slavin, Erez AIIouche,Alan Atalah, Ian 
Moore, Mark Knight and others. HDD is the most widely uti­
lized method of trend1kss constmction 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, ill-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 toASTM 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 lmdisturbed 
soil. The sloughing process continues lmtil an equilibrilun is 
reached where the stiffness of the sloughed soil is sufficient to 
resist further sloughing from the soil above. This bulkillg state 
results in archillg 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. 

Figure 5: Soil Arching in HOD, applies to 
non-viscous soi ls 

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
illg be considered. While the doclUnent 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 archillg in other trenchless constmction 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 
accOlmt for live loads, whenever applicable, such as moving 
vehicles (live load) when a pipe is buried lUlder a highway 
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or railroad embankment. One way in which this is done 
is by u e 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 fuU . 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. 

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