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ELLIPTICAL AND ARCH PIPE

The hydraulic and structural characteristics of
elliptical and arch shapes offer advantages, under certain
conditions, over the circular shape commonly used for
sewer and culvert pipe. :

clearance is limited by existing structures, horizonial
elliptical and arch pipe are particularly suitable since
the vertical heights are less than the height of hydrauii-
cally equivaient circular sizes. Horizontal elliptical and
arch pipe have greater flow capacity for the same depth
of flow than most other structures of equivalent full
capacity.

Vertical elliptical pipe, because of its narrower
span, requires less excavation for trench installations
and is subjected to less backfill load. Because of the
greater height of section of vertical elliptical pipe, in-

For minimum cover conditions, or where vertical’

LOADS AND SUPPORTING STRENGTHS

creased side support is realized in embankment installa-
tions and the fill load is also reduced because of the
smaller span. These structural characteristics make
vertical elliptical pipe particularly suitable where deep

“trenches or high embankment fills are necessary. In

addition, the geometric properties of vertical elliptical
pipe make its use advantageous where horizontal clear-
ance is limited by existing structures. Hydraulically,
vertical elliptical pipe provides higher flushing velocities
under minimum flow conditions.

Horizontal and vertical elliptical pipe represent
two different products from the standpoint of structural
strength, hydraulics and type of application. Arch pipe
is similar to horizontal elliptical pipe in that the ratios
of vertical rise to horizontal span are approximately the
same for both shapes.

FIGURE 1 TRENCH INSTALLATION

FIGURE 2 LOAD COEFFICIENT DIAGRAM
FOR TRENCH INSTALLATIONS
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DESIGN PROCEDURE

The design procedure for the selection of pipe
strength requires:

1. Determination of Earth Load

2. Determination of Live Load

3. Selection of Bedding

4. Determination of Load Factor

5. Application of Factor of Safety
. Selection of Pipe

DETERMINATION OF EARTH LOAD

The two most common types of installations are
french and positive projecting embankment,
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Trench [nstallations

Trench installations are normally used in the con-
struction of sewers. The pipe is installed in a relatively
narrow french excavated in undisturbed soil and then
covered with backfill extending to the original ground
surface,

When a rigid pipe is installed in a narrow trench
and backfilled, the backfill material will tend to seffle.
As illusirated in Figure 1, this downward movement
generates frictional forces along the trench walls, which
act upward to help support the weight of the backfill
material. The magnitude of the frictional forces depends
on the unit weight of the backfill material w, the value
of Rankine's lateral pressure ratio K, and the coefficient
of sliding friction ./ between the backfill material and
the trench walls.

The backfill load on a pipe installed in a french
condition is equal to the weight of the mass of backfill
material within the trench less the summation of the
frictional load transfers, and is computed by the equation:

Wy = Ca w B2 (1)
where
Wa = backfill load, pounds per linear foot
C: = load coefficient for trench installations
w = unit weight of backfill material, pounds per
cubic foot
Bqs = width of trench at the top of the pipe, feet

Figure 2 presents values of the load coefficient
Cy for various types of soils and H/By ratios. The H term
represents the height of backfill from the top of the pipe
io the original ground surface.

Embankment Installations

Positive projecting embankment installations are
normally used in the construction of culverts. The pipe
is installed on the original ground or compacted fill and
then covered by an earth fill or embankment.

In considering earth loads on rigid pipe installed
in a positive projecting embankment condition, it is con-
venient 10 designate the prism of fill directly above the
pipe and bounded by vertical planes tangent to the sides
of the pipe as the interior prism. The exterior prisms are
the prisms of fill adjacent to the vertical planes on both
sides of the pipe. Since the length of the exterior prisms
are greater than the interior prism, the exterior prisms
of fill will compress more than the interior prism as the

embankment is buitt up. As illustrated in Figure 3, the

relative settlements between the interior prism and ex-
terior prisms generate downward frictional forces aleng
the vertical planes adjacent to the sides of the pipe.
The fill load on a pipe installed in a positive projecting
embankment condition is equal to the weight of the
prism of fill over the pipe plus the summation of the
downward frictional forces, and is computed by the
equation:

W, =C.w B2 (2)
where
W, = f{ill load, pounds per linear foot
C. = load ccefficient for positive projecting
embankment installations
w = unit weight of fill material, pounds per

cubic foot
B, = outside horizontal span of the pipe, feet

Figure 4 presents values of the load coefficient
C. for horizontal elliptical pipe and arch pipe and Figure
5 present values of the load coefficient C, for vertical
elliptical pipe. In Figures 4 and 5, load coefficient values
are presented for various H/B, ratios and values of ryp.
The H term represents the height of fill above the top of
the pipe. The rg term represents the setilement ratio
which evaluates the magnitude of the relative settlements,
including the settlement of the orignal ground and the
deflection of the pipe. Recommended design values of
the setilement ratio are listed in Table 1. The p term
represents the projection ratio which is defined as the
vertical distance the pipe projects ahove the original
ground divided by the outside vertical height* of the pipe.
As indicated in Figures 4 and 5, the load coefficient is
dependent on the product of the settlement ratio and the
projection ratio ryep.

* The prolection ratio is defined differently from circular pipe {circutar pipe
based on horizontal diameter). The difference arises from the inequazlity of
vertical height to horizontal width for elliptical and arch pipe.

FIGURE 3 EMBANKMENT INSTALLATION
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FIGURE 5 LOAD COEFFICIENT DIAGRAM
FOR
VERTICAL ELLIPTICAL PIPE
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TABLE | DESIGN VALUES OF
SETTLEMENT RATIO

Type of Usual Design
Foundation Range Value, ry
Rock or Unyielding Soil 1.0 1.0
Ordinary Soil 051008 05
Yielding Soil 0.0tc 05 0.3

Depending on the height of fill H, outside hori-
zontal span of the pipe B,, and the product of the settle-
ment ratio and projection ratio ryp, the downward fric-
tional forces may or may not act throughout the entire
height of fill. If the frictional forces act throughout the
entire fill height, this conditon is ciassified as the COM-
PLETE CONDITION and is represented by the curved line
in Figures 4 and 5. Under the complste condition unequal
settlements will occur at the fill surface. If the frictional
forces do not act throughout the entire fill height, this
conditon is classified as the INCOMPLETE CONDITION
and is represented by the straight rgp lines in Figures
4 and 5.

Transition Width

When a pipe is installed in a trench condition the
backfill load is a function of the trench width, as given
by equation {1). For any given size of pipe, type of soil
and height of backiill, as the trench width is increased
a limiting width is reached beyond which the trench
width no longer affects the load. The trench width at
which this condition occurs is defined as the TRANSI-
TION WIDTH. At the transition width the load on the
pipe is a maximum and remains constant. This maximum
load is given by the embankment equation (2). Therefore,
backfill ioads for trench installations should be computed
by the trench equation (1) for all trench widths which
give a load equa! to or less than the maximum load
computed by the embankment equation {2). Maximum
loads as compuied from equation (2} will usually result
in trench installations involving shallow cover or large
trench widths relative to the size of the pipe under
consideration.

DETERMINATION OF LIVE LOAD

In the selection of pipe o be installed under
shallow cover, it is necessary to evaluate the effect of
live loads. Live load considerations are usuaily necessary
in the design of pipe installed with shallow cover under
railroads, airports and unsurfaced highways. Complete
discussions and design procedures for the determination
of live load are presented in previously published Design
Data.

SELECTION OF BEDDING

A bedding is provided to distribute the vertical ‘

reaction around the lower exterior surface of the pipe
and reduce stress concentrations within the pipe wall.
The load that a concrete pipe will support depends on
the width of the bedding contact area and the quality

of the contact between the pipe and bedding. Since most
granular materials will shift to attain intimate contact as
the pipe setties an ideal load distribution can be realized
through the use of such materials as clean coarse sand,
well rounded pea gravel or weil-graded crushed rock.

Two classes of bedding have been established for
the installation of elliptical and arch pipe, Class B and
Class C. These beddings are iliustrated in Figure & for
trench installations and Figure 7 for embankment instal-
laticns.

With the development of mechanical methods for
subgrade preparation, pipe installation, backfilling and
compaction, excellent results have been obtained with
pipe installed on a flat bottom foundation and backfilied
with well-graded, job excavated soil. If this method of
construction is used, it is essential that the bedding
material be uniformly compacted under the haunches of
the pipe. To assure that the in-place supporting strength
of the pipe is adequate, the width of the band of contact
between the pipe and the bedding material should be in
accordance with the specified class of bedding.

DETERMINATION OF BEDDING FACTOR

A common method to determine the inherent
strength of pipe is to conduct a three-edge hearing test.
The three-edge bearing test is the most severe loading
to which any pipe will be subjected, since a concentrated
load is imposed at the top of the pipe and the reaction’
is along two narrow surfaces at the bottom of the pipe.
Under installed conditions the vertical load is distributed
over the width of the pipe and the reaction is distributed
in accordance with the type of bedding. A comparison of
three-edge bearing forces and the distribution of external
forces under installed conditions is illustrated in Figure 8.
The bedding factor By, is the ratio of the strength of a pipe
under installed conditons of loading and bedding to the
strength of the pipe in the three-edge bearing test.

Bedding Factors for Earth Load

Bedding factors for elliptical and arch pipe installed
in a trench condition are listed below the particular
classes of bedding illustrated in Figure 6.

For elliptical and arch pipe installed in a positive
projecting embankment condition, active |ateral pressure
is exerted agzinst the sides of the pipe and the bedding
factor varies with the height of fill, H. Bedding factors for
this type of installation are computed by the equation:

A
Br = (3)
where N-xq
B = bedding factor
A = a constant corresponding to the shape of
the pipe
N = a parameter which is a function of the dis-
tribution of the vertical load and vertical
reaction
x = a parameter which is a function of the area

of the vertical projection of the pipe over
which active lateral pressure is eifective

q = the ratio of the total lateral pressure to the
vertical fill foad
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