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A multiple pipe installation is the placement of two
or more pipelines in a single trench or embankment con-
dition. This instaliation procedure is most commonly used
where restrictive cover requirements preclude the use of a
single pipe of larger cross sectional area or where a storm
sewer and sanitary sewer are being installed in the same
trench.

Although multiple pipe installations are rather
common, the determination of pipe loads presents some
unusual problems. This Design Data does not develop a
new design theory but, by the application of engineering
judgement, develops a design method for multiple pipe
installations that produces a reasonable and conservative
design solution.

FLAT TRENCH

For multiple pipelines in a single trench, the type
of loading for each pipe can vary from a simple trench
condition to a positive projecting embankment condition
to a combination of both. Since the type of loading affects
the load sustained by the pipe, a geometric analysis of
each installation is required to determine which possible
types of loading exist for each pipe.

Analyze Loading Condition

Referring to Figure 1 and analyzing the center pipe
(pipe C) first, it is apparent that if the outside horizontal

FIGURE 1: Columns of Backfill Associated With
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MULTIPLE PIPE INSTALLATION: TRENCH CONDITION

span of the pipe (B.c) plus the spacing between the adja-
cent pipes (2Y) equals or exceeds the transition width (By)
for the given size of pipe and depth (H) of backfill above
the top of the pipe, then pipe C is in a positive projecting
condition. If Bee plus 2Y is less than the transition width
for pipe G, the positive projecting condition does not exist
and the earth loads wili be less, since no downward fric-
tion forces are exerted by the intermediate soil columns. If
Y and the spacing between the outiside pipe and the
trench wall (Z) are small compared to Be and H, the entire
earth load may be shared proportionately by the three
pipe and the entire instailation is in a trench condition.

Next, analyzing pipe A and B, it is also apparent
that when one-half of the trench width for either pipe
{Bga/2 or Bgr/2) is less than one-half the transition width
for the giver condition, then the respective exterior soil
column is functioning as in a trench installation. These
same exterior columns will function as in a positive pro-
jecting instaliation when the width of either column
equals or exceeds one-half the transition width. Analyzing
the interior soil columns indicated by Bga/2 and Bgg/2, it
is evident they will function as in a wide trench or positive
projecting condition if the width (B./2 + Y) is equal to or
greater than one-half the transition width. f Y is small,
there will be little or no differential settlement between the
interior soil columns and Y, the positive projecting condi-
tion does not exist and the earth loads on the pipe will be
reduced.

BENCHED TRENCH

Another common type of multiple pipeline installa-
tion is illustrated in Figure 2 where pipe is separated verti-
cally as well as horizontally. Generally, the criteria estab-
lished by the local jurisdiction will require minimum verti-
cal and horizontai separations between pipe and possibly
minimum dimensions of Y with respect to that of X, espe-
cially if pipe A is a storm sewer and pipe B is a sanitary
sewer or there is concern for the stability of the bench
under pipe A. All of these requirements affect the geome-
try of the trench and the probable type of loading on each
pipe.

Analyze Loading Condition

Analyzing the loads on pipe A and B in Figure 2, it
is evident that the exterior soil columns adjacent to the
fuli-depth trench walls will act as in a trench condition if
Bya and Bgg are less than B, for the given situation and
will act as in a positive projecting condition if both are
equal to or greater than B,. The soil column B,,/2 will act
as in a positive projecting installation since soil column Y




Columns of Backfill Associated With
Pipelines in a Benched Trench
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tends to settie more than B.s/2. However, if Y and X are
small, there may be little or no differential settiement be-
tween B.a/2 and Y, hence the load imposed by column
Bea will be reduced from the positive projecting installa-
tion condition because no downward friction force would
be induced by column Y.

The soil column acting on the left half of pipe B
may act in one of three possible ways depending on the
relative dimensions of Byg, Y and X. If X is small, (ap-
proaching zero) there will be very little, if any, differential
settlement between the soil column acting on the left half
of the pipe and the adjacent soil column Y. Thus, there
would be no upward frictional force refieving the loads on
this portion of pipe B. This is the “‘neutral conditicn” for
the negative projecting installation. Secondly, as X in-
creases, the negative projection ratic, p’ (p° = X/Bgg).
also increases and the loads on the pipe decrease toward
the minimum possible load which is that imposed by the
trench conditicn. Thirdly, the positive projection condition
will exist if Byg equals or exceeds B,

A method of construction frequently used for this
type of installation is to excavate the full width of the
trench for the full depth (line AB, Figure 2), instail pipe B,
backfill to the ievel of line CD, install pipe A and complete
backfilling. In this type of installation, analysis of the
loads for pipe A and the exterior portion of pipe B are the
same as previously discussed. However, the interior por-
tion of pipe B is now probably loaded in a positive pro-
jecting condition, since Bgg/2 plus 2Z plus Y plus By is
almost certain to be greater than B./2.

Transition Width

in making the analysis of the installation, Figure 3
may be utilized to determine if the transition width for a
pipe under a given set of conditions is equaled or exceed-
ed and whether the pipe is loaded as in a positive project-
ing embankment condition or as in a trench condition.
This relationship is based on experiments by Schlick at
the lowa Engineering Experiment Station which show that
if trench width is progressively increased, a transition
width is reached where the load on the pipe increases no
further because the loading condition has changed to the
positive projecting condition.

Figure 3 presents transition widths for circular pipe
with sand and gravel backfifl material. For any given size
of pipe and height of backfill, the transition wicdth is de-
pendent on the type of backfill material. However, varia-
tions in the transition width for different types of backfill
material are such that in normal design work, it is suffi-
ciently accurate to use sand and gravel backfill material
for the evaluation of transition widths. To find the transi-
tion width using Figure 3, enter the vertical scale at the
value of H and proceed horizontally until the curve for the
size of circular pipe being anaiyzed is intersected, from
this point drop vertically to the horizontal scale and read
B, directly in feet.

DESIGN METHOD

A geometric anzlysis of the installation will deter-
mine the probable type or types of loading for each pipe.
After the type of loading is determined, the loads which
will be sustained by each pipe can be calculated by the
appropriate method. If during the analysis of the installa-
tion it appears that the transition point between two load-
ing conditions has been reached, the earth load used
should be the greater of the two calculated on the basis
of each type of lpading condition.

The design method presented for multiple pipe
trench installations is similar to the design method for a
single pipe installation such as those presented in Design
Data 6 for positive projecting embankment installations
and Design Data 7 for trench installations. After an analy-
sis of the installation has determined the loading condi-
tions for each pipe. the six step standard procedure for
the selection of pipe strength should be used.

1. Determination of earth load.

Determination of live load.
Selection of bedding.

. Determination of load factor.
Application of factor of safety.
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Selection of pipe strength.

foon




M

Determination of Earth Loads

Earth |loads acting on pipe in the several possible
installation conditions may be computed by one of the
appropriate following formulas:

Trench condition -

We = CqwBy (1)
Wide trench or positive projecting condition -
W = CowBr (2)
Negative projecting condition -
We = CowBy @
“Neutral” or zero differential settlement conditian -
We = wHB; (4)

When computing earth ioads for the trench condi-
tion utilizing Equation 1, values for Cy may be found by
first calculating the H/By ratio and then referring to Fig-
ure 4 to obtain Cy for the type of backfill being used. Fig-
ures 5 through 8, based on Equation 1, enable the deter-
mination of trench garth loads directly for & given trench
width and depth of backfili. The curves shewing pipe size
indicate the transition width for each pipe diameter be-
yond which there is no increase in load for any given val-
ue of H. Note that the loads obtained from Figures 5
through 8 are based on unit weights of backfill material of
100 pounds per cubic foot. For backfilli material of differ-
ing unit weights, the earth loads must be adjusted accord-
ingly.

Figure 9 may be utilized to fird the required value
of C, when computing embankment or wide trench earth
loads by using Equation 2. 1t has been found that earth
loads in the positive projecting condition are influenced in
a manner expressed by the product of the settlement ratio
(tse) and the projection ratio (p). Design values of each
ratio must be obtained in order to use Figure 9 correctly.
Recommended design values for ryg are given in Table |
The range of p is +0.5 to +0.9 for Ciass B and C beddings
with +0.7 being the recommended design value for most
installations. When using Figure 9 to obtain Cc, utilize
only those curves labled “incomplete projecting condi-
tion,” i.e. those curves with a positive value for the rggp
product. Figures 10 through 13, based on Equation 2,
enable a direct determination of embankment earth loads
1o be made. Again, the loads obtained from Figures 10
through 13 are based on backfill unit weights of 100
pounds per cubic foot. Note that Figures 9 through 13 do
not differentiate between loads for backfill of various ma-
terials. Differentiation is not required since the coeficient
of internal friction of the various materials has only a
minor influence on the earth loads in the positive project-
ing condition and the values obtained from these figures
are sufficiently accurate for all materials.

Values for C, for computing earth loads by Equa-
tion 3 for pipe in negative projecting instailations may be
found by using Figures 14 through 77. Since the earth
loads on pipe in the negative projecting condition are
influenced by the values of the negative projection ratia
(p') and ithe negative settlement ratic (req), values for
each ratio must be obtained in order to determine the

datagzg

magnitude of the loads. The value of p’ is determined by
the geometrics of the installation and Table 1 gives the
recommended values of the negative settiement ratio for
varying values of p’.

Direct determination of the earth loads of pipe in
the negative proiecting conditicn may also be made from
Figures 18 through 27 which are based on Equation 3.
Loads obtained from these figures are also based on
backfill material with unit weights of 100 pounds per cu-
bic foot. Again, the type of backfill material has a very
minor influence on the total value of the earth load on
pipe in the negative projecting condition.

Determination of Live Load

Live loads must be considered in the design of
multiple pipelines installed under raitroads, airports and
highways when pipe is installed with shaliow cover. Be-
cause the intensity of a live load on any plane in the soil
mass is greatest at the vertical axis directly beneath the
point of application, the live loads acting orn a multiple
installation must be treated as if each pipe is reacting
independently of the other pipe in the trench. The high-
way live 'oad acting on each pipe can be determined from
Table HI, Highway Live Loads. Live loads for airports or
railroads may be obtained from Design Data 15 and 16
raspectively.

Selection of Bedding

The bedding is the means by which the vertical
reaction around the lower exterior surface of the pipe is
transferred to the pipe structure. The load a concrete pipe
will support is dependent upon the &bility of the bedding
to properly distribute this vertical reaction t¢ the pipe so
the pipe is not stressed beyond its structural capability.
The factors which determine the ability of the bedding to
distribute reactive forces are the area of contact with the
pipe, the quality and the degree of compaction. The gen-
eral classes of pipe beddings for installations of circular
pipe are illustrated in Figure 22, Trench and Embankment
Beddings for Circular Pipe.

Determination of Bedding Factor

The bedding factor is the ratio of the supporting
strength of the installed pipe to the strength in the three-
edge bearing test. Bedding factors for pipe installed in a
french condition are listed in Figure 22. Bedding factors
for positive projecting conditions are obtained from Tab/e
/Il and /V. Bedding factors for the negative projecting con-
dition are the same as the trench condition.

Application of Factor of Safety

A factor of safety is incorporated in the ioad calcu-
lation singe the installed supporting strength of the pipe
depends on installation conditions often beyond the con-
trol of the designer. The vaiues used for the factors of
safety are based on engineering judgement and field ex-
perience. For nonreinforced pipe a factor of safety of 1.5
is adequate. If the design strength is based on the 0.01-
inch crack criterion for reinforced pipe a factor of safety
of 1.0 is adequate.




Selection of Pipe Strength

The selection of pipe strength is based on the
three-edge bearing test. This test determines the inherent
structural strength of the pipe by subjecting the pipe to
concentrated loads at the crown and invert. For rein-
forced concrete pipe, the three-edge bearing strength is
expressed in D-load which is the supporting strength of a
pipe loaded under three-edge-bearing test conditions ex-
pressed in pounds per linear foot per foot of inside diam-
eter or horizontal span, and is computed by the equation:

W
D-load =———— x F.§. (5)
f

The 0.01-inch crack strength (Dgg4), criterion is
commonly used when designing reinforced concrete pipe
and is defined as the maximum load applied to the con-
crete pipe before a crack occurs having a width of 0.01
inch measured at close intervals, througheut a length ot
at least 1.0 foot.

EXAMPLE 1
Given: A muftiple installation of 72-inch inside diame-
ter pipe consisting of three pipelines in a sin-
gle trench under a bituminous paved arterial
highway, 18 inches between each pipeline and
12 inches between trench wall and pipe. There
will be 7 feet of cover over the pipelines. Each
pipe will be installed on a class B bedding and
backfilled with sand and gravel weighing 120
pounds per cubic foot. Experience with the
subgrade and local soils indicate that the set-
tlement ratio value for normal conditions in the

area is +0.04.
B, = 7.17 feet Z = 1.0 feet
Bga & Byg = 9.17 feet Teg = 0.4
Y = 1.5 feet p=07

F.S8. = 1.0 for 0.1 inch crack

Find:
Solution: 1. Analyze Loading Condition
1.1. Pipe C.
Given B, + 2Y = 10.17 feet and H = 7.0
feet. Enter Figure 3 at 7.0 on the vertical
scale, proceeding horizontally until the 72-
inch diameter curve is intersected and
thence drop vertically and read transition
width (B.) = 9.75 feet which is less than
10.17 feet, therefore pipe C is loaded as in
a positive projecting condition.

1.2. Pipe A and B
Given By = 8.17 feet which is less than B,
= 9.75 feet found zbove. Therefore the
exterior portions of pipe A and B are load-
ed as in a trench condition. Since (B.a/2
+ Y} = 10.17 feet which is greater than B,,
the interior portions of pipe A and B are
loaded as in a positive projecting condi-
tion.

2. Determination of Earth Loads

2.1. Compute the product of rgs and p.
rsgp = 0.4 x 0.7 = 0.28 which is rounded
off to 0.3 for design.

The required pipe strength in terms of D-load.

2.2. Pipe C
From Figure 9, with H/B,c = 7.0/7.17 =
0.976, rygp = +0.3, find C, = 1.21. From

Equation 2:

2
Wg = 1.21 x 120 x 7.17
= 7,465 pounds/linear feet

Figure 11 with rggp = 0.3, H = 7.0 ft., and
72-inch diameter pipe also gives:

We = 6,220 x 1.2
= 7,464 pounds/linear feet

2.3. Pipe Aand B
From Figure 4, with H/Bya (or ) = 7.0/9.17
= 0.763, find C4 = 0.67 for sand and gravel
backfill, using Equation 1 for exterior col-
umn loads:

2
0.67 x 120 x 9.17
ET 2

= 3,380 pounds/linear feet

Figure 5 with H = 7.0 ft. and a trench

width of 9.17 ft. also gives:
_5630%x1.2

We =——%——_ 3378 pounds/iinear feet
Since the loads on the interior portions of
pipe A and B are acting in a positive pro-
jecting manner and the geometrics of the
installation are the same as for pipe C, the
garth loads will be one-half that of pipe C
or 7,465/2 = 3,732 pounds/linear feet. The
total earth load for each of pipe A and B is
the sum of those found for each portion:
We = 3,380 + 3,732 = 7,112 pounds/linear
feet.

3. Determination of Live Loads
From Table I, the highway live load at a
depth of seven feet is 740 pounds/linear feet on
each pipe.

4, Selection of Bedding
Class B bedding for all three pipe (given).
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