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THE STRUCTURAL DESIGN OF UNDERGROUND CONDUITS

The objectives of this Technical Release are (a) to present the subject
of loads on underground conduits and their supporting strengths, and

(b) to furnish working aids and procedures for the computation of loads
and strengths. The scope of the subject is limited to phases which per-
tain to the needs of the Soil Conservation Service, Some phases of the
subject are relatively new and further experience and knowledge may re-
sult in revisions of the releasgse from time to time.

This Technical Releage has been written by Messrs. Gerald E. Oman and
Paul D. Doubt. Mr. M. M. Culp recommended the values used for Xy for
cradles and proposed the method of constructing Type Bl beddings. Mr.
Doubt developed the theory and procedure for evaluating the settlement
ratio 8. Messrs. H. J. Goon, Richard M, Matthews, Norman P, Hill, and
A. R. Gregory assisted in the preparation of this release. Mrs. Joan
Robison typed the manuscript. This work was done under the general
administrative direction of Mr. M. M. Cﬁlp, Chief, Design and Con-
struction Branch, and Mr. Paul D. Doubt, Head, Design Section.
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NOMENCLATURE

2Ky
b
Keur
b
bottom width of cradle or rigid bedding, ft (b z b.)
outside width of conduit, ft
width of ditch at the top of the conduit, ft

value of the width of ditch at which the load on a conduit as com-
puted by the ditch conduit formula is équal to the load on the
conduit as computed by the positive projecting conduit formula, ft

load coefficient for ditech conduits

load coefficient for negative projecting conduits, ditch condition
load coefficient for positive projecting conduits
distance from the neutral axis to the outer fiber

load per foot of diameter per foot length of pipe for the three-
edge bearing test

inside diameter of pipe, inches
Young's modulus of elagticity

modulus of consoiidation of the embankment or backfill material,
tons/ft2

modulus of consolidation of the foundation material, tons/ft2
2.7183 = base of natural logarithms

maximum fiber stress in a pipe having a given load which produces
0.01-inch crack in a Réc pipe or ultimste fiber stress for other
types of pipes, lbs/ft

maximum fiber stress for three-edge bearing load of Rep, lbs/ft?

allowable stress in reinforcing steel
1.431 Rgp .
———35— = provided strength factor

s'ybc

CPX@ = KT = required strength factor

for the .complete condition--vertical distance from top of backfill
to a horizontal element of fill material having a height of dH, ft

for the incomplete condition--vertical distance from plane of equal
settlement to a horizontal element of fill material having a
height 4H, ft

vertical distance from top of backfill or embankment to top of con-
duit, ft

= allowable vertical distarce from top of backfill or embankment to

top of conduit, ft

vii
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He = vertical distance from the plane of equal settlement to top of con-
duit, ft

He = distance between the top of the conduit and the upper plane of
equal settlement when the interior prism has a width b

Hy = distance between the bottom of the cradle or rigid bedding (bottom
of the pipe if no cradle or rigid bedding is used) and the non-
yielding foundation

H, = distance between the bottom of the cradle and the lower plane of
equal settlement, ft. When no cradle is used, it is the distance
between the bottom of the conduit and the lower plane of equal

settlement.

h = vertical distance from any point in the embankment to the upper
surface of the fill, ft

I = moment of inertia, in%

= ratio at a point of active lateral. pressure to vertical pressure
for the backfill or embankment material

Ky = ratio at a point of active lateral pressure to vertical pressure
for the foundation material

Ly = load factor
AL = length of a differential element of the pipewall (see Fig. B-2,

page B-3)

M = moment with upper case subscripts denoting location

N = bursting pressure of the pipe, lbs/in®

P = total vertical pressure on a horizontal plane within the interior
prism, 1bs/ft length of pipe

P' = vertical pressure on a horizontal plane within the interior prism
when the embankment height is equal to the height of equal
settlement, lbs/ft length of pipe

P" = additional vertical pressure on a horizontal plane within the in-

terior prism due to the welght of the material above the plane
of equal settlement, 1bs/ft length of pipe

P. = total vertical pressure in the width by at the top of the conduit,
1bs/ft length of pipe

p = intensity of lateral pressure, lbs/ft2
pi = internal pressure in a pipe, lbs/in®
R = reaction with upper case subscripts denoting location

Re = supporting strength of pipe for a stated load pattern, lbs/ft
length of pipe

Rgq = safe supporting strength of pipe, lbs/ft length of pipe

Rep = supporting strength of pipe for three-edge bearing load, lbs/ft
length of pipe



Réb

54

Sp

ix

value of the reduced supporting strength of a pipe having positive
internal pressure, 1lbs/ft length of pipe. It is used in support-
ing strength formulas in place of the three-edge bearing strength
Rep -

mean radius of pipe, ft

allowable shearing stress, lbs/ing

a safety factor

additional deformation of the conduit, ft (positive and negative
projecting conduits)

additional consolidation of the backfill material between the top of
the conduit and the critical plane (negative projecting conduits)

additional settlement of the bottom of the conduit (i.e., the sur-
face of the natural ground beneath the conduit) due to the con-
solidation of the foundation, ft (positive and negative projecting
conduits)

additional settlement of the natural ground surface below the ex-
terior prism due to the consolidation of the foundation, ft
(positive and negative projecting conduits)

additional congolidation of the embankment material between the
critical plane and the natural ground surface in the exterior
prism, ft (positive projecting conduits)

H
pXg 'Ei + % = a parameter used in expressing active lateral earth

pressure
thickness of pipewall, ft

KuFgp, + KuKp®X, + X,

Xp

total vertical load on the top of an underground conduit, lbs/ft
. length of conduit

a function of the projection onto a vertical plane of the area of
the pipe over which the lateral loads are assumed to be distributed

a function of the distribution of the vertical load and vertical
reaction

a factor (Eq. B-12, page B-T)

digtance from the neutral axis to a differential element in the pipe-
wall

a factor (Eq. B-13, page B-T)

one-half of the central angle subtended by the arc of the pipe over
which no lateral loads are acting on the pipe

one-half of the central angle subtended by the arc of the pipe over
which the upward vertical reactions are acting

unit weight of backfill or embankment material, lbs/ft®
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Kt

Men

Nin

unit weight of the foundation material, 1bs/ft3

(sm + sg) = (5¢ + s¢)

= gettlement ratio for positive projecting
m conduits

unit strain

s, — (8, + 8p + 83)

£ cs £ . d’ settlement ratio for negative projecting
d condults

angle used in deriving Eq. B-8 (see Fig. B-4, page B-5)

oK [Ze | 0} _ itio of total lat a 1 '

CP B, + 5] = ratio o ot ateral load to total vertical load

additional consolidation of the embankment material in the exterior
prism between the critical plane and the plane of equal settle-
ment, £t (positive projecting conduits)

additional consolidation of the embankment material in the interior
prism between the top of the conduit and the plane of equal
settlement, ft (positive projecting conduits)

additional consolidation of the embankment material in the exterior
prism between the natural ground and the plane of equal settle-
ment, ft (negative projecting conduits)

additional consolidation of the embankment material. in the interior
prism between the critical plane and the plane of equal settle=-
ment, ft (negative projecting conduits)

tan ¢ = tangent of the angle of internal friction of the backfill
or embankment material

tangent of the angle of sliding friction between the backfill
material and the material in the ditch wall

tan ¢, = tangent of the angle of internal friction of the founda-
tion material

angle of rotation (see Fig. B-4, page B-5)

projection ratio for positive projecting conduits = ratio of the
distance between the natural ground surface and the top of the
conduit (when H. = Q) to the outside width of the conduit

projection ratio for negative projecting conduits = ratio of the
distance between the natural ground surface and the top of the
conduit (when He = Q) to the width of the ditch by

unit stress
angle of internal friction of the backfill or embankment meterial
angle of internal friction of the foundation material

ratio of the distance ¥b, (ES-11k, page 3-41) to the outside width
of the conduit

1
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TECHNICAI, RELEASE
NUMBER 5

THE STRUCTURAL DESIGN OF UNDERGROUND CONDUITS

The structural design of any structure requires a determination of the
loads on the structure and the proportioning of the structure to resist
the loads. An understanding of the structural design of underground
conduite is facilitated by dividing the subject into the following
chapters:

Chapter 1 - Loads on Underground Conduits
Chapter 2 - Supporting Strength of Conduits

Although the structure can be designed by the use of these two divisions,
a third chapter is added to facilitate the golution of positive project-
ing conduit design problems. It also containg examples and charts.

Messrs. Anson Marston, M. G. Spangler, and W. G. Schlick of the Iowa En-
gineering Experiment Station, Iowa State College, have developed the
theory and performed the research on which this technical release is
based.® This is a compilation of their theory and data for use by the
Soil Conservation Service. Thelr analysis has been rearranged and addi
tional charts have been prepared. :

Since most conduits designed by engineers of the Soil Conservation Ser-
vice will be classed as ditch conduits or positive projecting condults,
only these two classes are considered in Chapters 1 and 3. The deriva-
tion of load equations for ditch conduits, positive projecting conduits,
negative projecting conduits, and ditch conduits with compacted backfill

is given in Appendix A. A brief discussion of other classes is also
given in Appendix A.

The supporting strength of rigid cireular conduits is considered in
Chapters 2 and 3. Appendix B gives the derivation of the supporting
strength formulas for rigid circular pipes. The method of design for
concrete monolithic box culverts is given in the National Engineering
Handbook, Section 6, Structural Design.

The design of the usual underground conduit installations may be accom-
plished without a complete understanding of the subject by the use of
the procedure charts and computation aids given in the ES drawings,
pages 3-37 to 3-67.

CHAPTER. 1 - LOADS ON UNDERGROUND CONDUITS

A classification of conduits based on the sets of factors listed below
is required for load determinations. The manner in which these factors
are used to classify underground conduits is given in ES-116, page 3-53.

*Numeriecal references refer to the bibliography following page C-12.



Construction Methods

The term construction methods is used for classification purposeg only.
It includes site conditions and design requirements, as well as con-
struction methods, and involves

1. The width of the ditch (sometimes infinitely wide) in which
the conduit is placed;

2. The'compressibility of the backfill relative to the compressi-
bility of the earth in which the ditch was excavated,

5+ The compressibility of the materials on which the conduit rests
relative to the adjacent foundation materials;

Lk, The elevation of the top of the backfill or embankment relatlve
to the natural ground line;

5. The elevation of the top of the conduit with respect to the
natural ground line; and

6. The compressibility of the material directly asbove the condult
relative to the compressibility of the adjacent material.

This set ot factors is used to determine whether the conduit is classed
as a dltch conduit, a positive projecting conduit, a negative project-
ing conduit, & ditch conduit with dense backfill, an imperfect ditch
conduit, or a conduit on compressible bedding. ‘

Relative Bettlements

The term relative settlements means the settlement of the top of the con-
duit relative to the settlement of the critical plane. This involves

1. Deformation of the conduit; and

2. Bettlements or consolidations of the backfill, embankment, and
foundations. These depend on the soil characteristics.

This set of factors is used to determine whether the positive projecting
conduit or the negative projecting conduit is classed as the ditch con-
dition or the projection condition.

Relative Height of Embankment

The term relative height of embankment means the height of embankment
relative to the height of the plane of equal settlement. This factor
is used to determine whether the conduit is classed as the complete con-
dition or the incomplete condition.

Loads on Diteh Conduits

When a conduit is placed in a ditch and covered with backfill material,
the backfill material tends to settle downward. This tendency of the
backfill material above the top of the conduit to move produces vertical
friction foreces or shearing stresses along the sides of the ditch.

These shef)x.ring stresses give support to the backfill material. (See
Fig. 1l-1.
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The proportion of the total vertical pressure that is carried by the con-
duit will depend on the relative rigidity of the conduit and of the fill
material between the sides of the conduit and the sides of the ditch.

. For rigid pipes (see footnote, page 2-1) such as clay, concrete, or cast-

iron pipe, the side fills may be relatively compressible and the pipe it-
self will carry practically all of the load.

flexible thin-walled pipe and the side fills have been thoroughly tamped,
the load on the conduit will be reduced by the amount of load the side
fills carry.

4 vy b

Fg. 1-1 Ditch conduit

The total vertical load on rigid ditch conduits with relatively com-
pressible side fills is '

where

We =Cayba® « v v v v v v v v v e e e e W(151)
_ E;EKM'(He/bd)
Cq = KT B ( RN Y

= total vertical load on the top of the underground conduit,
lbs/ft length

C3 = load coefficient for ditch conduits

by = wldth of the ditch at the top of the pipe, ft. The width
of the ditch bg is the actual width of a vertical walled
ditch in which the pipe 1s installed. When the ditch is
constructed with sloping sides or the conduit is placed
in a subditch at the bottom of a wider ditch, experi-
mental results indicate that the proper width by is at
or slightly below the top of the conduit (see ES-114,

page 3-L41.
u = tangent of the angle of internal friction of the backfill
material
Vp® +1 —p
K= = ratio at a point of active lateral pressure

Vug +1 4+ to vertical pressure

If the pipe is a relatively
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p' is the tangent of the angle of gliding friction between the
backfill material and the material in the ditch wall. p'
is the value Of u for the material in which the ditch is
dug if the excavated material is used for backfill. When
the backfill material differs from the materisl in the
diteh walls, the smaller of the two values of u for thesé
two materials should be used for the value of u'.

Y = unit weight of the backfill matérial, 1bs/£t3
e = 2.7183 = base of Naperian logarithms
H, = vertical distance from top of backfill te top of conduit, ft

The total vertical load W, on flexible pipes with thoroughly compacted
side fills is

We =Ca?babg « v ¢« v v v v v v v v v e . L (2-2)
where Db, = outside width of the conduit, ft
The above formulas will give maximum vertical loads to be expected on

ditch conduits throughout the life of the structure if the proper physi-
cal factors involved in their solution have been selected.

Loads on Pogitive Projecting Conduits

In the discussion of loads on positive projecting conduits, several terms
are used (see Fig. 2-2)

1. The interior prism is that prism of embankment which is bounded
by the critical plane at the top of the conduit, the plane of
equal settlement, and the vertical planes which are tangent to
the sides of the conduit.

2. The exterior prisms are the two masses of embankments exterior
to the conduit and having for thelr boundaries the vertical
tangent planes, the natural ground, and the plane of equal
settlement.

3, The critical plane is that film of particles of embankment ma-
terials which was originally lying in the horizontal flat plane
at the top of the conduit when H., = 0.

4., The plane of equal settlement is that film of particles of em-

" bankment materials which lies in the lowest horizontal plane
that remainsg as a plane as settlement takes place. This neces-
sitates that the settlement of a particle of embankment at any
elevation above the interior prism will be equal to the settle-
ment of any particle having the same elevation above the ex-
terior prism. Thus, there are no vertical shearing forces
existing between particles of embankment materials above the
plane of equal settlement.

5. The projection ratio p is the ratio of the distance between the
natural ground surface adjacent to the conduit (when Hg = 0)
and the top of the conduit (when H, = 0) to the outside width
of the conduit.
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Deformation, consolidation, and settlement. It will be impor-
tant to differentiate between the meaning of the words deforma-
tion, consolidation, and settlement. Deformation is the change
in the length of structural materials due to stress. The word
deformation is reserved here to denote the change in the verti-
cal dimension of the conduit. If the conduit is rigid the
deformation of the conduit is assumed to be negligible or zero.
Consolidation is the change in the vertical length of embank-
ment or foundation materials caused by loads above the mate-
rials. It is used exactly in the same sense as deformation ex-
cept the word deformation is reserved for structural materials
and consolidation is reserved for embankment and foundation
materials. Settlement is the change in elevation of a particle
of embankment or foundation material as a result of consolida-
tion of materials or deformation of structures below the
particle.

Top of Embankment%

Y

o

1

[

=

I_Plane of Equal Senlementz

| Shearing Forces Acting
ll t/on Interlor Priem
ll

Exterior Prism ‘ ‘
vhen Ho = 0 —y L _¥ C_&::i_cical Plane

when H, = Hc:
[

Higid Conduit—.} v‘

e

Intericr Prism
Exterjior Prism

o
e e

Unylelding
Foundation

Fig., 1-2 Basic case for considering the action
of an embankment over a positive projecting conduit

Additional consolidations, additional deformations, and addi-
tional settlements. The weight of the embankment materials
above the plane of equal settlement will cause consolidations
and: deformations in addition to those consolidations and defor-

mations due to the weight of the embankment material below the

plane of equal settlement. These consolidations and deforma-
tions (due to the weight of the material above the plane of
equal settlement) will be referred to as "additional consoli-
dations" and "additional deformations"” and the corresponding
settlements as "additional settlements." The convenience of
the use of "additional" instead of "total" becomes apparent in
the derivation of load formulas (see Appendix A).
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Top of Embankxnentg

u
% g
1
(3]
t
Plane of Equal Settlement7
Mg = additional consolidation | M, = additional consolidation of ‘ 1
of the material in the the material in the interior
exterior prisms for the prism for the distance Hy
distance Hg
[4]
=
1]
=
When Hy = 07
ep = additional con- / \ ( )
solidation of e — 5¢ * B¢ .
the material in L T T <" When H. = H
the distance ph) — 1. — L — \ o S e Ted
When H. = H,
T // | N g c 7
o & / \ Critical Plane
|l + / \
£
8, = additionsl deformation
of the conduit
Pe
3 L\ | Natural Ground—;
\ S
L \ [when H. =0
) e, ;
Sl B
—_— Initial Elevation (when H, = 0)
=i —w—Flevation (when H, = H)

Elevation at Completion of Fill

Fig. 1-3 Settlements which influence loads on positive projecting conduits
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The symbols used to evaluate the additional sefttlement of the top of the
exterior prism are (see Fig. 1-3)

Ao = additional comsolidation of the embankment material between the
critical plane and the plane of equal settlement, ft

sp = additional consolidation of the embankment material between the
critical plane and the natural ground surface, ft
5g = additional settlement of the natural ground surface below the

exterior prism due to the consolidation of the foundation, ft
sm + Sg = additional settlement of the critical plane, ft

The symbols used to evaluate the additional settlement of the top of the
interior prism are

A = additional consolidation of the embankment material between
the top of the conduit and the plane of equal gettlement, ft

8. = additional deformation of the conduit, ft

sy = additional settlement of the bottom of the conduit (i.e., the
surface of the natural ground beneath the conduit) due to the
consolidation of the foundation, ft

Bp + 8¢ = additional settlement of the top of the conduit, ft

8. Settlement ratio 8. The settlement ratio is the ratio of the
difference of the additional settlement of the top of the con-
duit and the additional settlement of the critical plane in the
exterior prism to the additional consolidation of the embankment
material below the critiecal plane.

_ (sm + 8g) — (8f + 8¢) -

3] e e e e e e (1-3)

The value of & determines whether the projection or the ditch
condition exists. The projection condition occurs when & > Q.
The ditech condition exists when & < Q.

Projection and Ditch Condition

The projection condition is defined as the condition in which the eriti-
cal plane in the exterior prism settles more than the top of the conduit
(see ES-116, page 3-53). When this condition exists, loads are trans-
ferred from the exterior prism to the interior prism. It is obvious that
the load on a conduit for the projection condition is always greater than
the weight of embankment material above the top of the conduit.

If the conduit is sufficiently flexible, the settlement of the top of the
conduit will be greater than the gsettlement of the critical plane in the
exterior prism. This is called the ditch condition. Since loads are
being transferred from the interior prism to the exterior prism, the load
in the interior prism ig less than the load in the exterior prism. Again
it is obvious that the load on the conduit for the ditch condition is
less than the weight of the embankment material above the conduit.

A neutral condition exists when there is no transfer of loads between the
interior and exterior prisms, and the load on the conduit is the weight
of the embankment material above the top of the conduit.



1-8

The relation between the rigidity of the conduit and the degree of com-
pressibility of the adjacent fill material as well as the modulus of
consolidation of the foundation material will determine whether the
ditch condition or the projection condition occurs for any given instal-
lation. These two conditions represent subclassifications of projeecting
conduits which are determined by relative settlements or consolidations.

It is important to observe the difference of the meaning in the unfortu-
nate terminology of "ditch conduits" and "ditch conditions." The term
"ditch conduits" pertains to a classification of underground conduits
based on construction methods. The term "ditch condition" pertains to a
subclassification of projecting conduits based.on relative settlements.

Likewise, the difference between the terms "projecting conduits" and
"projection condition" should be understood. The term "projecting con-
duits" (positive or negative) pertains to a classification of under-
ground conduits based on construction methods. The term “"projection
condition" pertains to a subclassification of projecting conduits based
on relative settlements.

Complete and Incomp;ete Conditions
The complete condition exists when the embankment height Hpo is less than
or equal to the height of the plane of equal settlement Hg (see ES-116,

page 3-53). The shearing stresses between the interior and exterior:
: H H

prisms extend completely to the top of the embankment. Thus, Eg = =€,
¢ e

The incomplete condition exists when the embankment height H, is greater
than the height of the plane of equal settlement H,. The shearing
stresses between the interior and exterior prisms do not extend completely

H
to the top of the embankment. Hence, EE >—%9 . It is possible to have
c c

complete and incomplete conditions for both the ditch and projection
condition,

Height of Equal Settlement He
The value of He is determined for two reasons.

H H
1. The comparison of $— values with ;- values define whether the
c e
complete or incomplete condition exists.
H, _He .
When :— s — , the complete condition exists.
Ho _ He L i ‘
When -— > —~ , the incomplete condition exists.

be " be

He
be _
ing conduit for the incompleté condition.

2. The value of is required to determine the load on a project-

The derivation shown in Appéndix A in the determination of He is that
originally developed by A. Marston.* Marston's assumption for
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determining Hy yields an expression which gives slightly greater values
for loads on conduits than those assumptions used by M. G. Spangler.®

The expression for the determination of Hg is

e*EKu(He/bc )

T Ku(He/be) =  2Kudp + 1 . . . . . (1-4)
The solution of Eq. 1-4 is facilitated by the use of ES-117, page 3-57.

Toad Formulas for Positive Projecting Conduits

(See Appendix A for derivation). The equation for the load on a positive
projecting conduit, complete condition, is

2

We=Cprbe® « v v v v v v n e (155)
where the load coefficient for positive projecting conduits, complete
condition, is

e*exn (He/be)

CP = *QKH, . . - L] * L] - - - L] L] * - - - (1-531)

In Eq. 1-5a the top sign in the (#) symbol is used for the projection
condition, and the bottom sign is used for the ditch condition. This
convention applies wherever double signg appear.

Since Egs. 1-5 and:1-5a are applicable for both the complete ditch con-

dition and the complete projection condition, they may be used to deter-
mine loads on both rigid and flexible conduits.

The equation for the load on & positive projecting conduit, incomplete
condition, is :

Wo=Cprbe® « o v v v v v v v v e (1-6)

where the load coefficient for positive projecting conduits, incomplete
condition, is

e*EK“(He/bcL 1 H, H etexu(He/ch (1-62)
cp = oo + b Bo e .

Since Egs. 1-6 and 1-6a are applicable for both the incomplete ditch con-
dition and the incomplete projection condition, they may be used to de-
termine loads on both rigid and flexible conduits.

The solution of Eqs. 1-5a and 1-6a is facilitated by the use of ES-118,
pages 3-63 and 3-65.

Tt is necessary to determine the value of He/bc by the use of Eq, 1-k to
solve Eq. 1-6a since Eq., 1-6a contains He/b. as one of its variables.
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Effect of Width of Ditch

No definite width of ditch is specified to define whether a conduit is
classed as a ditch conduit or as a positive projecting conduit. In the
analysis of loads on ditch conduits, it is assumed that a rigid conduit
resists all of the pressure at the top of the conduit for the width bg.
This pressure which 1s equal to the load on the rigid conduit is less
than the weight of the backfill material because a portion of the weight
is transferred by shear into the ditch walls. Increasing the value of
bg for ditch conduits increases the load on-the conduit. As the width
of a ditch is increased, a value of by is reached where the total pres-
sure is no longer resisted by the condult and the classification changes
to a positive projecting conduit.

In the analysis of positive projecting conduit, projection condition,
the load on the conduit is the pressure at the elevation of the top of
the conduit distributed over the width b, rather than bg. This load is
greater than the weight of the prism dlrectly above the conduit because
a portion of the weight of the exterior prism is transferred by shear to
the interior prism. By increasing bg, the load is increased on ditch
conduits to a value bd which is equal to the load computed by the for-
mulas for p051tive projecting conduits, projection condition. It is
this value of bd which defines the boundary between ditch conduits and
positive projecting condults. Conduits for a given value of Hc/bc ina
ditch having a width by < bd are ditech conduits. Those conduits in

which Dby >'bd are positive progectlng conduits. The value of ba can be
determined from the chart in ES-11T7, page 3-59.

Figure 1-4 is a plot showing two curves which gives the load on a 2-foot
diameter/ conduit (b, = 2.5 ft) when H, = 10 ft and H, = 15 ft for vari-
ous values of byg. When by = b., the load on the conduit computed by the
positive projecting conduit formulas is greater than the load computed
by the ditch conduit formula because of the transfer of weights by shear.
As by is increased, holding b, constant, the load computed by the posi-
tive projecting conduit formulas remains constant while the load com-
puted by the ditch conduit formula increases. At some value of bg the
loads computed by both formulas become equal. Observe in this plot how
the value of bd increases from b = 5.5 £t to bd 6.2 ft as the value
of H, is increased from 10 ft to 15 ft.

The Effect of Surface Loads on Underground Conduits

Underground conduits may also be subjected to a load that is transmitted
through the soil from traffic loads applied to the surface of the back-
fill. The effect of these loads may be determined by the use of the
Boussinesq_solution14 or by the approximate method given in ES-25,
National Engineering Handbook, Section 6, Structural Design. Such
loads will be of major importance when the conduit is under a shallow
i1l and subjected to heavy traffic loads. Most conduits designed by
the Soil Conservation Service are subjected to heavy traffic loads
only during construction, If the construction eguipment is not per-
mitted to cross over the conduit until at least 2 feet of cover has

“ been placed over the conduit and the conduit is designed to carry a
minimum earth load of 10 feet, the effect of loads due to construction
equipment may be neglected.
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Internal Fluid Pressures

The determination of intermal fluid pressure in a conduit is a hydraulic
problem (see National Engineering Handbook, Section 5, Hydraulics). The
magnitudes of internal fluid pressures encountered in Soil Conservation
Service work is usually of minor importance in determining loads on
underground conduits.

Hydrostatic Loads

When an underground conduit is below the water table, there is an external
hydrostatic load acting on the conduit. The determination of hydrostatic
pressures is also a hydraulic problem (see National Engineering Handbook,
Section 5, Hydraulics).

Procedure for Determining Loadg

\ Obtain & - BS 115 p. 3-45 /

4

Clasgsify - ES 117, page 3-59
Ditech Positive projecting
bd < & Eg >'ba
e De Pe B
! }
Obtain Sub-classify -ES 117, page 3-57
Cq -- ES 118, page 3-61 Complete Incomplete
| UL
[ bC b, b, " be
Solve for
_ 2
Wc =Cq 7 bd !
Obtain

Cp -~ ES 118, page 3-63 or 3-65

!

Solve for
- 2
Wc = CP ¥ bc

Fig. 1-5. Procedure for determining the load on a ditch conduit or
positive projecting conduit.
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Example - Determining Loads

Given: 1. A 36 in. reinforced concrete pipe (b, = 3.5 ft.) is proposed
for installation on a cradle (b = 5.0 ft).

2, The height of fill sbove the conduit is 30.0 ft.

3. The backfill material has a unit weight (7) of 120 1bs/ft®
and an angle of internal friction (¢) of 30°.

4, fThe ditch wall and foundation material has an angle of in-
ternal friction of 20°.

5. The value of e E_ = 1.0.
' 7Y Erf

6. The distance pb, = 3.0 ft. and the distance Vb, = 1.5 ft.

T. The distance from the bottom of the cradle t0 non-yielding
foundation material is 10.0 ft.

Determine:
1. The load on the comduit when by = 6.0 ft.
2. The load on the conduit when by = 15.0 ft.
Natural ground
Backfill material
y = 120 1bs/ft2 ¢ =20°

2 ¢ = 300

b, = 3.5

W N8

b = 5.0'

tlj!tﬂ

Foundation material
by = 20°

] =1.0
1T

o

Nonyielding
foundation material
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Solution: '
1. Follow the procedure chart in Fig. 1-5.

Obtain 8. ES 115

From ES 115, page 3-45 either case ¢ or d exlsts

= 5.0 ft.

8(case ¢) = ——————=
1+[?i;§ﬁ'§i__

From ES 114, page 3-43, Kn = 0.19, Kgup = 0.178
l. '
’4’ = ?g = 0-429, p = %f‘g = 00857

429
1+(1) (8 8?7) 1.5
1+(1) (53% j
= (0.726)(0.857) = 0.622

&(case c)=

From ES 115, page 3-51, EE = 1.63

= (1.63)(5.0) = 8.15 ft.

0.190
B g Kf . (8.15) 5375 = 8.696

Hf = 10,0 ft.

Since Hy > H IECfPE case ¢ exists.

= 0.726
: classify (Es 117, page 3-59)
2Kudp = (2)(0.19)(0.622) = 0.236
HC
&g = 2(0- 19) 28 _ 3.257

b
4é = 2.9

C
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b
d 6!0
= = lo
b, = 305 = LT
Since Eg < Eé the conduit is classed as a ditch conduit

be  Be

Obtain Cy from ES 118, page 3-61.

He 39,0

—

bg 6.0
From ES 11k, page 3-43, K = 0.333

= 5.0

p for backfill = 0.58, pu for ditch wall = 0.36.
The smallest value of p is 0.36 therefore u' = 0.36
Ku' = (0.333)(0.36) = 0.120
Cq = 2,92
Solve for W, = Cy7bs® = (2.92)(120)(6.0)* = 12,614 lbs/ft.
2. Find the load on the conduit when by = 15.0 ft.
The values of & computed in part 1 will remain unchanged.
8 = 0.726
Determine classification from ES 117, page 3-59

2Kusp = (2)(0.19)(0.622) = 0.236

H .
M 2L (2)(0.19) F2 = 5.057
(o]

be = 2.95

Pa _15.0 _ 4,286
b, | 3.5

1

Since EQ EE
b~ D

[ad C

conduit.

the conduit is classed as a positive projecting

Sub-classify (ES 117, page 3-5L). Since the conduit 1s rigid, it
is classed as a projection condition.

B = (0.726)(0.857) = 0.622
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%IE = 1.62
c
T 20.0 _g.on
bc 3'5 '
Since EIE > E the conduit is classed as the incomplete condition
b b, -
c c

Obtain C;p from ES 118, page 3-63
2Kudp = (2)(0.19)0.622 = 0.236

HC
e = - (2)(0.19)(8.571) = 3.257

EKuCy = 5.75

W = Cp 7b 2 = (15.13)(120)(3.5)% = 22,240 1bs/ft.
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CHAPTER 2 - SUPPORTING STRENGTH OF RIGID PIPE CONDUITS*

The supporting strength of a pipe is the maximum total load the pipe is
capable of restraining without failure. The gafe supporting strength of
an underground rigid pipe depends on three major factors; strength of
pipe, load factor, apd the safety factor.

Strength of Pipe Rgp

The supporting strengths of short lengths of pipes are determined by

direct test for certain standard load distributions. The most common
method of determining supporting strength of pipes 1s the three-edge

bearing test! (Fig. 2-1 and Fig. 2-2a).

The American Society for Testing Materials (ASTM) has set forth specifi-
cations or standards for manufactured pipe of various materials. These
specifications give the pipe dimensions and their supporting strength

Rgp for the three-edge bearing test. For reinforced concrete pipe the
supporting strength is expressed as the uwltimate load and also as the
load to produce 0.0l-inch crack in the pipewall. For reinforced concrete
pipe the value of Rgp to produce 0.0l-inch erack is used in this Tech-
niecal Release. For other types of rigid pipes it is the ultimate load.

The supporting strength as determined by the three-edge bearing test is
used for the derivation of the safe supporting strength of underground
conduits. The use of the supporting strength as determined by other
standard tests requires a revision of formulas.

The values of Rgp for various types of rigid pipes meeting ASTM specifi-
cations are given in ES-119, pages 3-67 to 3-71. The values of Rgp for
rigid pipes not included in ES-119 may be obtained from ASTM specifica-
tions. Some ASTM specifications express the strength of the pipe in
terms of D loads. The value of Rep for these pipes is

Rep =Dd « v v v v v e v v v e e e e e . (2-1)

where 4 = nominal diameter of the pipe, ft

Load Factor Lg

In a field installation the supporting strength of a pipe is greater than
that determined by the three-edge bearing test. A more favorable load
distribution exists on pipes in the field installation than that of the
three-edge bearing test.

* Rigid pipe conduits are defined as pipes whose cross-sectional shape
cannot be distorted sufficiently to change their vertical and hori-
zontal dimensions more than 3 percent without causing materially injuri-
ous cracks in the pipe.
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Fig. 2-1 Arrangemeﬁt of conduit and bearing blocks for
standard three-edge bearing laboratory tests of culvert pipe
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Reb
Total Load = We
Fig., 2-2a Assumed load Fig. 2-2b  Agsumed load distri-
disgtribution for the case bution on an underground conduit

of three-edge bearing installed on a proJjecting bedding
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The load factor is the ratio of the supporting strength of the pipe in
any stated loading condition R, to the supporting strength of pipe in
three-edge bearing Rep.

Re
L e e e et e e e e e e e e e e e e e e e (2-2)
f Reb (
where Ly = load factor
R. = supporting strength of pipe for a stated load pattern,

lbs/ft length of pipe

Rgp = supporting strength of pipe for three-edge bearing load,
lbs/ft length of pipe

The value of a load factor depends on the type of cradle or bedding asso-
ciated with the conduit together with the classification of the under-
ground conduit. Beddings are a type of construction which provide a dis-
tribution of vertical reaction along the lower surfaces of the conduit.
Cradles furnish a lateral gupport as well as a distribution of vertical
reaction.

Load Factors for Ditch Cradles and Beddings

Ditch cradles and beddings are assoclated with those underground conduits-
for which no lateral loads from the adjacent materials are assumed to act
on the conduit. Only two classifications of underground conduits are
associated with ditch cradles and beddings. They are ditch conduits and
negative projecting conduits, diteh condition. TFor these two classifi-
cations, the backfill adjacent to the condult is more compressible than
the material in the ditch walls. Since none of the vertical loads are
assumed to be transmitted through the material adjacent to the conduit,

no lateral forces are considered t¢ exist on the conduit.

The load factors for ditch cradles and beddings are determined experi-
mentally for various types of cradles or beddings. Because of the wide
variety of cradles and beddings, it is practical to group them and assign
load factors which will give safe supporting strengths.

Values of Ly for various ditch beddings and cradles are given in ES- 120,
page 3-75.

Load Factors for Projecting Cradleg and Beddingsg

Projecting cradles and beddings are assoclated with those underground
conduits for which lateral loads are assumed to act on the conduit. All
classifications of underground conduits except ditch conduits and nega-
tive projecting conduits, ditch condition, are assoclated with project-
ing cradles and beddings. The value of the load factor for projecting
cradles and beddings depends on the magnitude and distribution of verti-
cal and horizontal loads,

Figure 2-2b is a generalized load pattern consisting of five variables
(B, a or p, v, ky, and W,). This pattern was prepared from a study of
experimental data of loads on underground conduits. Because of the va-
riety of values of thege five variables, it is impractical to obtain

load factors by actual test. An expression of the load factor in terms
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of these variables has been analytically derived.® It is determined by
the following procedure:

The maximum allowable fiber stress in a pipe for the three-edge bearing
test is derived (Fig. 2-2a). This is set equal to the derived maximum
fiber stress for the assumed load pattern given in Fig. 2-2b. The re-
sulting equation 1s rearranged to give Rc/Reb or the load factor Le.
The derivation is given in Appendix B.

The five variables of the load pattern are

1. ki = ratio of total lateral load to vertical load. An expres-
sion for the value of ky is obtained by the following
procedure: Rankine!'s formula for active lateral pres-
sure is

p = YhK

it

where p = intensity of lateral pressure, lbs/ft2

h = vertical height from any point within the
embankment to the upper surface of the
fili, ft

K = ratio of active horizontal pressure at a
point to vertical pressure

¥ = unit weight of embankment material, lbs./ft.>3

The total active lateral pressure on a rigid pipe is

pb
ktWe = 7|:Hc + —29] Kpbg

Substituting the value of W, from Eq. 1-5 page 1-9

pK Hc. P _
ki = cp [;c ui-3 BRI (2-3)
2. r = mean radius of pipe, ft

3. p = one-half of the central angle subtended by the arc of the
pipe over which the upward vertical reactions are act-
ing. This value depends on the type of cradle or
bedding.

one-half of the central angle subtended by the arc of the
pipe over which no lateral loads are acting on the pipe.
Thus,

=
Q
i

pzé[l—sin (a—9QO)] c . (2-4)

5. Wo 1s evaluated in accordance with Chapter 1.
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The load factor for projecting cradles and bedding, derived in Appendix
B, is

1 |
Ly = Xy oRgly Tttt (2-5)

where Xp is a function of the distribution of the vertical load and
vertical reaction (see Appendix B for the equation for Xp).
The values of X, depend on the type of projecting cradle and
bedding, and were determined by experimentation, analysis, or
approximation. Values of X, for various cradles and beddings
are given in ES-120, pages 3-T4 to 3-T6.

X, is a function of the projection onto a vertical plane of the
area of the pipe over which the lateral loads are assumed to
be distributed (see Appendix B for the equation for Xa)-

For uncradled pipe the lateral loads are assumed to act on that portion
of the pipe that is above the natural ground. Considering a length of
bipe of 1 foot, this area is pb,. When p is greater than unity (p > 1)
the height of the projected area over which the lateral loads are dis-
tributed is only b, and the value of Xz will correspond to a value of

p =1.0. The lateral forces on cradled pipes are assumed to be trans-
mitted through the cradle to the pipe, thus, the loads are assumed to be
acting on the same area as for uncradled pipe. Values of Xg for pipes
on cradles and beddings for various values of p may be obtained from the
curves in ES-120, page 3-T7.

Safety factor 5

The safe supporting strength of pipe is the supporting strength of a
pipe divided by the safety factor. Safety factors are recommended for
various types of materials. Since the value of Rgp for rigid pipes
other than reinforced concrete are specified as strengths for ultimate
loads,a factor of safety of 1.5 or 2.0 may be used. Values of Rep for
"reinforced concrete are based on the load to produce 0.0l-inch crack
in the pipe. A factor of safety of 1.0 is considered satisfactory for
reinforced concrete pipe for the following reasons:®

1. The three-edge bearing load to produce the 0.0l-inch crack dis
the minimm load that random samples of the pipe must meet,

thus, in practice samples usually withstand more than the mini-
‘mum required. :

2. Within time limitations concrete pipe increases in strength
with age.

3. Other design variables are generally chosen to produce a safe
structure, thus making the conservative choices additive.

4, Failure is reached only at a load considerably in excess of
the cracking three-edge bearing load.
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Equations for the Safe Supporting Strength of Plpes Ry

The symbol Ry is used to represent the safe supporting strength of.the
pipe in pounds per foot length.

1. Ditech cradles and beddlings.

Re Lr Rep
Rd=-§-=T B -
2. Projecting cradles and beddings.
a. Beddings
Re 1.431 Rep.
Rd=-—s-.—_s(x__n ) .-....(2-7)
p ~ *t%a
where ki, Xg, and Xj are defined by Egs. 2-3, B-15, and B-16.
b. Cradles
R, 1.431 Rap
Ry =75 = N =20
s(Xp - kiXg)

where ki, X5, and Xp are defined by Egs. 2-3, B-20, and B-21.

Internal Fluid Pressures

Positive internal fluid pressure causes tensile stresses in the pipe
wall, These tensile stresses add algebraically with the flexural
stresses caused by the external loads. The conduit is not capable of
supporting as large an external load as it would support when no in-
ternal fluid pressure exists. When positive internsl fluid pressure
exists, the value of three-edge bearing strength Rep used in the sup-
porting strength formulas is reduced. The adjusted value of Rep is

N_Pi )
Réb=e.b~\l N ..........(2—8)

where 'b = value of the reduced supporting strength of a pipe having
positive internal pressure, lbs/ft. It is substituted
in the supporting strength formulas for the three-edge
bearing strength Rap.
N = bursting pressure of the pipe, lbs/in2
Pj = Ilnternal pressure in the pipe, lbs/in2

The bursting pressure of a reinforced concrete pipe is

N="gd'—................(2-9)
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where a = cross sectional area of the circumferential steel in one
foot of pipe, in®

allowable stress in reinforcing steel, 1bs/in?®

inside diameter of the pipe, inches

1

fs
d

Il

The operating internal pressure is usually small compared to the burst-
ing strength of the pipe. The effect of internal pressures on the sup-
porting strength of rigid pipes installed as underground conduits is
usually neglected except for extremely high internal pressures.

Effect of Hydrostatic Load

A hydrostatic load has a similar effect on stresses in a pipe wall as

negative internal pressure. The compressive stresses resulting from a
hydrostatic load reduce the critical tensile stresses created by earth
loads. Therefore, hydrostatic loads are usually neglected in calcula-
ting loads on rigid circular pipes.

Procedure for Determining Safe Supporting Strength

\ obtain 8-ES 115 page 3 - 45 /
Clessify: ES 117 page 3-59
Ditcp Positive P:E'ojecting
bd. bd. Pa ba
—_— — —_——
b, " b, b, 7 b,
Sub~claseify ES 117 page 5-57
Complete Incomplete
Obtain Lg(ES 120 page 3-73)
Hy < He H - He
! be "B b~ B

Obtain Ry, (ES 119 pages
3-67, 3-69, or 3-71)
{ Obtain Cp (ES 118 pages 3-65 or
Solve 3-65) Use actusl values of p
By

Lt Ray *
8 Solve for

E
pKf_¢c o
"t“cp(bc'*e)

Ifp>L, usep =1

{ < Obtad, !

Obtain Ry, - ES 119 pages 3-67, X, (ES 120 page 3-7T7)
Ifp>1, use p = 1
3-69 or 3-T1 Xp (ES 120 pages 3-74 to 3-76)

Solve for Solve for
R .
R =Lf eb Ly - 1.1:2 _
d 8 )&) ki Xy

Fig. 2-3, Procedure for determining the safe supporting strength of
a conduit installed as a ditch conduit or a positive
projecting conduit.
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Example - Determining Safe Supporting Strength

Given: 1.

A 3 " Class III Wall A pipe (ASTM C76-5TT) is proposed

for installation on a type A2 cradle.

lol

Find: 1.
in which

2.

The height of fill above the conduit is 35 ft.
The distance pb, = 4.5 ft.

The distance Hey = 12 ft.

The bottom width of the cradle is 5.0 ft.

The backfill material has a unit weight of 100 1bs/ft3
and an angle of internal friction of 28°.

The ditch wall and foundation material has an angle of in-
ternal friction of 30°.

Te E
The value of vl is 1.0.

l4

A load factor L. of 3.0 may be uged for this installation
if it is classed as 8 ditch conduit.

A safety factor of s = 1 may be used.

The safe supporting strength of the conpduit if the ditch
it is installed is 7 ft wide.

The safe supporting gtrength of the conduit if the ditch
which it is installed is 15 ft wide.

Natural ground

Backfill material
7 = 100 1bs/ft2
¢ = 28° ¢ = 30°

o
oy = 30

. Nonyielﬂing
foundation materiat
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Solution: Use the procedure given in figure 2-3.

1. Obtain & - ES-115, page 3-45 .
From ES-115, page 3-47 either case c or case d exists

b =5¢O f‘t.

Assume case ¢

obc
_ e _hs5_
p = b, =35 = 1.286

Since the natural ground is at the bottom of the
cradle ¥ = 0 (ES-114, page 3-42)
From ES-11%, page 3-43, Ku = 0.19, Kgip = 0.19

0
1+ (1) 1588 0.5
14 (1) 222

0.19
8 = (0.5)(1.286) = 0.643
H

& (Case c) =

From ES-115, page 3-51, T = 1.65

H, = (1.65)(5.0) = 8.25
v _ Ko 0.1 -
Hy = Kaip = (8.25) 675% = 8.25

Since Hy > H, %;I—
£
8 = 0.5, 8p = 0.643

case c exists

Classify - ES-117, page 3-59
2ZKudp = (2)(0.19)0.643 = 0.244
H
2 5 = (2)(0.19) $%5 = 3.80
. Cc

.bl
a
po= 3.5

2]

"4 7.0,
bc 3.5
by  Pa
Since T < P the conduit is a ditch conduit.
c c

Obtain Ly from ES-120, page 3-73.

Ly = 3.0 (given)
Obtain Ry, from ES-119, page 3=-6T7.
Rep = 4050 1bs/ft.

LR
Solve for Rd = fseb = (5‘0):{1‘050) = 12,150 1bs/ft.
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2. The value of & is the same as for part 1
8 = 0-5, Bp = 016)4'5

Classify - ES-117, page 3-59

-

b

5o = 3413 (from part 1)
c

Bé—lj—'g—j?’lh

b. 3.5 “°

cC

b b
Since _E N _E the conduit is classed as a positive pro-

be be
Jecting conduit. Since a rigid conduit is used, the
conduit is sub-classed as the projection condition.

Sub-classify (ES-117, page 3-57)
He
be = 1.65

He
P = L = 10
c 2.5
Since T > Y
ce — =
be 7 bg
condition

the conduit is classed as the incomplete

Obtain C_. from ES-118, page 3-63

P

HC
2Ku b—c = 3.80
2Kudp = 0.24k4
QKp.Cp = 6.83
o __6.8

> = BBYioagy = 1T-97
Solve for K‘ = LK(E + Q)
t = Cplbe T2

Since p = 1.286 is greater than 1 use p = 1

From ES-11k, page 3-43, K = 0.36

_(1)(0.36) (35 4 _
Ky = 17.97 3.5 + 5= 0.210

Obtain X, from ES-120, page 3-T7

Slnce p >l use p =1
Xy = 0.638



Obtain Xp from ES-120, page 3-Th

XP = 0.45

Solve for Ly = 1431 1.431 1.h31

Xp-ktX,  0.45-(0.210)(0.638) ~ 0.316

Obtain R, from ES-119, page 3-67
R, = 4050 Ibs/ft.

Replor L, 4050

—= = T = 18,347 1bs/ft.

Solve for Rcl =

2=-11

4.53%
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CHAPTER 3 — FORMULAS OBTAINED BY EQUATING EXPRESSIONS FOR
LOAD AND SAFE SUPPORTING STRENGTH OF POSITIVE PROJECTING CONDUITS

The load on an underground conduit can be determined by the use of the
equations in Chapter 1. Similarly, the safe supporting strength of a
conduit can be determined by the use of the eguations in Chapter 2.
Sometimes neither of these quantities are specifically desired in
practical design problems. Then the question to be answered is one
of three types.

1. What are the allowable classes of pipes that can be used for
a glven embankment height and cradle?

2, What are the types of cradles or beddings that can be used for
a glven embankment height and pipe?

3. What are the allowable fill heights H.g over the top of the
pipe for a given cradle and pipe?

Chapter 3 is written to facilitate the solution of each of the three
questions without predetermination of the load or allowable strength of
the positive projecting conduit. This is desirable because fewer calcu-
lations are required.

The expression for the load on the conduit is equated to the expression
for the safe supporting strength of the conduit. This equation is rear-
ranged to permit graphical presentations of certain portions of the
equation. GSuch a rearrangement will usually permit an easy solution
without trial and error methods for any one of the three quantities.

The procedures for the determinatlon of each of the three quantities
listed above are given on ES-11%, pages 3-37 to 3-39.

Positive Projecting Conduits, Complete Projection Condition
(Projecting Cradles and Beddings)

Equate Egs. 1-5 and 2-7.

1.431 Ry,
b2 = = B 0 I
Cobe T 25l s G-
P ocp lbe T 2
where
eaKu(Hc/bC)
-1
Cp =~y N D)
Rearrange
1.431 Rgy { (Hc eﬂ
—— =2 _cX, —-Klp — + e e e w . (3-2)
v P [P (50 v (



Let
H
T = pX, (Gi + %) B & 53
Then
1.431 Rep
— = — KT & 4 v e b ek e e e e e =k

Values of Cp are determined from the charts in ES-118, pages 3-63 and
3-65. Values of X, for various types of beddings and cradles are given
in ES-120, pages 3-T4 to 3-76. Values of K for various values of ¢ are
determined from the chart in ES-11k4, page 3-43. Values of T for various
vaéues of p and H,/b, are read from the charts in ES-121, pages 3-79 and
3-G1.

The expression to the left of the equal slgn in Eq. 3-4 represents the
strength factor Fsp that is provided by a given pipe for a particular
installation.

1.431 Ry,

F = « & e a s s e s s moe s e s -
sp s.),bce (3 5)

Values of FSp for various pipes are determined from ES-119, pages 3-67
to 3-T1.

The expression to the right of the equal sign in Eq. 3-4 represents the
strength factor Fg, that is required for a particular installation.

For =CpXp —KT . - . v v v v v v v v v oo vy (376)

When the allowable height of fill H.g is to be determined, Eq. 3-2 is
rearranged

2Ku(He/v.)  KpXgy H.
e . - - = U a = 2 & & w & & = -
%, |25, (3-7)

vhere
_ KuFgp + KiKo®Xs +Xp

The solution of Eq. 3-7 is facilitated by the use of ES-122, page 3-83.

« e . (3-Ta)

Values of X5 for various values of p are read from the curves in ES-120,
page 3-T7. -

In Bq. 3-7 and Eq. 3-7a the wvalue of p cannot be greater than one.
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Positive Projecting Conduits, Incomplete Projection Condition
(Projecting Cradles and Beddings)

Equate Eqs. 1-6 and 2-7.
1.4%1 Rep

PKXa [He  p
S[%p T (bC + 2[]

eaKu(He/bc)_ 1 H, He eexu(He/bc)
= + noo T H '
Cp 2Ky be b

Cp?bo® = v e e e (3-1)

where

C

Rearrange Eq. 3-1.

1.431 Ry, E, o

_——_-—S')’bcg =CPXP—K[E)X3 (.E:'+§)] e e e (3-2)
Let

i

T=ﬂa&§+g...............(}w
Then

1.43%1 Reb

—_— = - B & !

o~ CpXp — KT (3-4)

Values of Cp are determined from the charts in ES-118, pages 3-63 and
3-65. Values of Xp for various types of beddings and cradles are given
in ES-120, pages 3-Th4 to 3-76. Values of K for various values of ¢ are
determined from the chart in ES-11k, page 3-43. Values of T for various
vaéues of p and Hy/b, are read from the charts in ES-121, pages 3-79 and
5-0l.

The expression to the left of the equal sign in Eq. 3-4 represents the
strength factor FSP that is provided by a given pipe for a particular
installation.

1.431 Rgy

sp = o T & 2)

Values of FSP for various pipes are determined from ES-119, pages 3-67 to
3-TL.

The expression to the right of the equal sign in Eq. 3-4 represents the
strength factor Fgp that is required for a particular installation.

Far =CpXp = KT « v v v v v v v v v v oo o (3-6)
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When the height of fill H., is to be determined, Eq. 3-1 is rearranged
in the form

X

: = P X _ oX
HC:FSP+O.5KQ xa+2Ku (xe e’ + 1) . (38)
Pe e X, — KoXg

where x = ZKup %2
c

Values of Xg for various values of p are read from the curves in ES-120,
page 5-TT.

When o > 1, use p = 1 for substitution into Eq. 3-8. Rq. 3~8 is solved
by the following procedure:

Find the value of ©€%— x from the relstion

e¥—x = ZKudp + 1 -- Use the actual value of p in this equation.

Obtain x from ES-123, page 3-87.
Obtain e* from the relation

eX: (ex_ X_) + X

Substitute these values into Eq. 3-8.
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Examples

Examples have been prepared to illustrate the solution of underground
conduit design problems, using the procedures and computation aids
given in ES-1135 through ES-125. The following tabulation permits the
selection of examples which illustrate solutions by various methods.

Exemple | p. . |Classifi- | Subclas- | Case Tgfe.gf Bedding |y, o
Number cation sification |of & | 118 or Ditch?
Pipe Cradle
1 Pipe Ditch - c any bedding | yes
T 2 Pipe Pos. Proj. | Incomplete b any cradle no
3 Pipe Pos. Proj. | Incomplete c any bedding no
b Bedding | Pos. Proj. | Incomplete d clay bedding | yes
5 Cradle |Pos. Proj. | Incomplete a R/C cradle no
Bedding
* 6 or Pos. Proj. | Incomplete c R/C  |either | no
Cradle
t 7 H.g |Pos. Proj. | Incomplete a R/C bedding | no
Pos. Proj. | Incomplete
8 H., Diteh il ¢ |concrete |cradle yes
Pos. Proj. Complete .
9 Hoy Diteh il a R/C bedding | yes
10 H.q Pos. Proj. | Incomplete c R/C cradle no

*pxample 6 illustrates the type of solution required to determine the
unknown quantity at more than one point under a dam.

7
tExamples 2 and 7 illustrate the effect of changing the value of [3? é?}.
f

Example No. 1

Given: 1. A 24-inch rigid pipe conduit is proposed for installation in
a 42-inch diteh (bg = 42 in.). The ditch is in a very deep uniform
material which has an angle of internal friction ¢, of 30°, a unit
weight 7p of 120 lbs/fta, and a modulus of consolidation Ef = 11.4
tons/ft*. The maximum depth of the ditch is 23.6 ft. The distance
pb. = 1.6 ft.

2. The backfill material has the following properties when com-
pacted to required density:
(a) unit weight 7 = 120 lbs/ft>
(b) angle of internal friction ¢ = 30°
(¢) modulus of consolidation E = 10 tons/ft®



3=6
3. A first-class bedding (Type B ditch bedding or Type B2 pro-
jecting bedding) is proposed (ES-120, pages 3-73 to 3-76).

4, Consider 0.0l-inch crack permissible for safe design for R/C
pipe and use 1.5 safety factor for clay and non-reinforced concrete
pipe.

Determine: A rigid pipe that can be used,

Backfill material
y = 120 lbs/rt?
s = %00

E = 10 tone/ft®

23.6"
J\r

First-claea bedding - 4 Foundation material
: op = 30°

7 = 120 1ba/rt?

Ep = 11.4 tons/ft®

Solution:
List data (ES-11%, pages 3~41 and 3-k2)
7 =120 lbs/ft®

by = %g = 3.5 ft

p', therefore, Ku = Ku' = 0.19 (ES-11k4, page 3-43)
1 for R/C and 1.5 for other pipes

7!

i

Follow procedure on ES-113, page 3-37
Assume b, = 2.5 ft
Find 3 (Follow procedure on ES-115, page 3-45)
From ES-115, page 3-47, case c applies since the material is

very deep.
b = b, = 2.5 ft (ES-114, page 3-41)
Solve for ©

Pbe 1.6



-1

e =b, — 1.6 =2.5 - 1.6 = 0.9 £t

0.9 _
¥ = ps = 0.360
K _
Keur
7r
e Sp——
Y
E _10.0 _ T E|_
T = I1h = 0.877, [7 Eé]_ 0.877
¥ 0.360
> = BT%EG = 0.562

[0

1+ (0.877)(0.562) _ 1.493
- ) = TE = 0196

Check whether classification is ditch conduit or positive project-
ing conduit (use ES-117, page 3-59).

He 23.6 -~ 1.6 He
_bc = 2.5 = 8.80, 2K|J- bc - 3'344

8o = (0.796)(0.640) = 0.509, 2Kudp = 0.1934

b, 2.5
bl
d
o = 2.90
1
bg by .
Since o < ) the conduit is classed as a ditch conduit.
c c

Obtain Cq from ES-118, page 3-6l.

He 22 _

5y = 3.5 = 6.29
Kut = 0.19
Cd=2.58

Obtain Ly from ES-120, page 3-73, Lp = 1.9
Solve for W, = Cg?b4% = (2.38)(120)(3.5)% = 3500 1bs/ft
Let W, = Rg. Solve for Rep required.

8Ra (1 .
Rgp = " = ( )5?300) = 1840 1bs/ft  (for R/C pipe)
Rep = 1. ) Q0 = 2760 lbs/ft (for other types of pipes)

From ES-119, pages 3-67, 3~69 , and 3-T1, any 24-inch reinforced
concrete pipe having a value of Rgp equal to or greater than 1840
1bs/ft may be selected. Any 2l -inch non-reinforced concrete or
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Given: 1. A 30-inch pipe (ASTM Spec. C76-5TT) is proposed for instal-
lation through a dam on a type A2 cradle resting on rock. The con-

clay pipe having a value of Rgp equal to or greater than 2760
lbs/ft may be selected.

Select an extra strength clay pipe.
R = 4400, b, = 2.292

Obtain & using new b, value (ES-115, page 3-45) Case c still exists

1.6

P =3.505 = 0:698

¥b, = 2.292 — 1.6 = 0.69
. 0.69 _

¥ o= 2.200 = 0.301

T 0.301

b = 0.698 = 0-¥31

1+ (0.877)(0.431) _
1+ (0,870 = O T

Classify--ES-117, page 3-57
ZKudp = (0-58)(0 734)(0.698) = 0.1947

H 22.0
0.38 =36

& (case c) =

b3
be = 2.95
bg 3,5
= = =1.53
o R.292
by b3
Since - <:E—, classification remains ditch conduit. Selected
[o] (o]

pipe is satisfactory.

Example No. 2

duit is not installed in a ditch.
2. The distance b, is 2,10 ft.
3. The distance ¥b, is 1.42 ft.
Lk, Use a factor of safety of 1.

5. The height of fill above the top of the pipe is 18.4 ft.

6. When compacted to required density, the embankment material

has a unit weight 7 = 110 1bs/ft® and an angle of internal friction
¢ of 39,

7
T. Consider that the value [;ffgﬂ may range from 0.1 to 1.0.
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Determine: (Class of pipe meeting ASTM Spec. CT76-57T that may be used.

Embankment material
y = 110 los/ft3

% = 320 ;’
—
[}

ASTM Speec. CT76=5TT

Solution:
List data (ES-11k4, pages 3-41 and 3-42)
7 = 110 1lbs/ft®

b, will vary for the various wall thicknesses. The value of b, for
wall B will be used for a preliminary determination.

b, = 5.083 ft
From ES-114%, page 3-43, K = 0.31, Ku = 0.19
s =1

2.10

Follow procedure on ES-113, page 3-37
b, is assumed as 3.083 ft
Obtain &. Follow the procedure given on ES-115, page 3-45.
From ES5-115, page 3-47, case b applies.

_ LE|Y
5=1+ [2, Eé] )

=5esr = 0-677 a
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7t E
.WhEIl [7 E:f] =1
5 =1 + 0.677 = 1.677 )

bg  bg
Claggify--Since bg = o, :Ec'l_ > EQ s the conduit is classed as a posi-
tive projecting conduit. © ¢ :

Determine subclassification of conduit from ES-117, page 3-57.

8 (min) = (1.068)(0.681) = 0.727 0V yxiia - (. (2
& (max) = (1.677)(0.661) = 1.142 | Jr /e o oy
gﬁ (min) = 1.7k

C
gﬁ (max) = 2.13

c .
Ho  18.4
b, = 3.085 =~ 9%

He He . .
Since . > b_c y conduit is clagsed as incomplete condition.
[
Obtain Cp from ES-118, page 3-63.
2Kp EE = 2.27
bea e

SKudp = 0.276 A
2KuCp = 4L.07

Cp (min) = %f%% = 10.71 i
SKudp = 0.434 -~ 1
2KuCp = 4.51

4,51
Cp (max) = 0_328 =11.87 \

Obtain X, from ES-120, page 3-Tk, X, = 0.450
Obtain T from ES-121, page 3-79, T =3.52 (for cradles)
Soive for Fgr = CpXp — KT
Fer (min) = (10.71)(0.45) — (0.31)(3.52)
Fgr (max) = (11.87)(0.45) — (0.31)(3.52)

Note that the range of Fg,. values are small compared to the large

3.75
4,25

range in It E values.
7 Ep

Select pipe (ES-119, page 3-67).
§7Fgp (max) = (1)(110)(4.25) = 468
A class III, wall B, pipe is selected. sYFgp = 508.1
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When the actual value of b, for the selected type of pipe is not
equal to the assumed value, the solution should be repeated. The
actual value of b, is used in the repeated solution which deter-
mines whether Fqp, is greater than or equal to Fgy.

Example No. 3

Given: 1. A 30-inch pipe with type Bl concrete bedding (bottom width

of 2.8 £t) is proposed for installation through a dam. The conduit
is not installed in a ditch.

2. The embankment material has a unit weight 7 = 110 lbs/fta,

an angle of internal friction ¢ of 32°, and a modulus of consolida-
tion E of 26 tons/ft.

2. The foundation material has an angle of internal frictlon ¢p
of 26°, a unit weight 7y of 90 lbs/fts, a modulus of consolidation Ep
of 32 tons/fta, and extends %0 a rock layer which is 7.1 ft below the
concrete bedding.

L. The distance pb, = 2.01 ft and b, = 1.11 ft.

5. The height of fill above the top of the pipe is 18.4 ft.
6.

Consider 0.0l-inch crack permissible for safe design of rein-
forced concrete pipe.

Determine: Type of R/C pipe that may be used.

Embankment material

y = 110 lbe/rt3
¢ = 3
E = 26 tons/ft?

>

g
L}
[}

]

Foundation material 2.8 -
7y = 90 1be/ft® t‘-]

o []

4y = 26 ~

]

Ep = 32 tona/ft?
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Solution:
List data (ES-114, pages 3-41 and 3-42)
= 110 1bs/ft°
From ES-11%, page 3-43, Ku =0.19, K = 0.31
s =1.0
Follow the procedure om ES-113, page 3-37.
Assume b, = 3.083 (for wall B, ASTM Spec. C76-5TT)
Obtain &. Follow procedure on ES-115, page 3-45.
From ES-115, page 3-4T case ¢ or case d exists.

Since the bottom width of the rigid bedding is less than b, use
b =b.

b = 3.083

Solve for

Ep ~ 32
e _ D _
>y =710 = 0.818

¥ Yoo 1.11
P T p c_2.01ﬁ0'552

From ES-11%, page 3-43, Keup = 0.19, % - 55

& (case c) At {0.1635.%ég'552) = 0.821

Find 5

2.0L
0 =37003 = 0.652

8 = (0.821)(0.652) = 0.535
i
From ES-115, page 3-51, Ny

Ist<HéI-§fHU;?

1.51
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B = (1.51)(3.083) = k.65
Ko oo _
Ronp H = (L)(4.65) = k.65

He = 7.1 ft

Since He >~E§E— Hé, depth is sufficiently great and case c
exists. thr

5 = 0.821, B = 0.535

(lassify--ES-117, page 3-59.
by _ bg
Since by = =, o >-g“ , conduit is classed as positive projécting.
e c

Determine subclassification.

He 18,
gﬁ = 375%3 = 5.97, From ES-117, page 3-57, g% = 1.51
Ho He .
Since 5. >-g~, incomplete condition exists.
c c
Obtain Cp
H
Ay po = (0.38)(5.97) = 2.27
Kudp = (0.38)(0.535) = 0.203

From ES-118, page 3-63
2KuCp = 3,78

cp=ol;§%=9.9s

Obtain X, from ES5-120, page 3-T5.
Xp = 0.65
Obtain T from ES-121, page 3~-81.
T = 2.28
Solve for
Fgr = CpXp — KT
(9.95)(0.65) ~ (0.31)(2.28)
= 5.76

Select pipe from ES-119, pages 3-67, 3-69, and 3-T1.
s¥Fgp = (1)(110)(5.76) = 634
Any pipe having a value of 57Fsp > sYFg,. is satisfactory.
A class IV, wall B, pipe is selected.

If a wall A or wall C is selected, the solution 1s repeated
using the correct value of bg,.
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Fxample No. 4

Given: 1. A 36-inch extra strength clay pipe (ASTM Spec. C200-55T) is
proposed for installation in a ditch which is 12 ft wide.

2. The depth of the ditch to the top of the conduit is 17 ft.

3. 'The ditch 1s excavated in a clayey material having a unit
weight 7¢ = 100 1bs/ft% a modulus of consolidation Er of 30 tons/ftZ,
and angle of internal friction ¢ of 20°. Borings show that the
clayey material is essentially uniform down to a rock layer 25.3 ft
below the surface of the ground. '

4, The material used for backfill is a loess soil. Tests show
that when the backfill material is compacted to the required density
it has a unit weight 7 of 100 lbs/fta, an angle of internal friction
¢ of 26°, and a modulus of consolidation E of 12 tons/ft2.

5. The distance pb, = 2.4 £t and ¥b, = 1.0 ft.

6. Use a factor of safety s of 1.5.

Determine: The type of bedding that may be used.

N\ T ST
2 Backfill material Z N
P
2 y = 100 1bs/ft3 :
¢ = 26°
% E = 12 tons/ft®

A
H, = 17.0'
N

T N NN AR NN NN

>
25.3"
I\[

AV ATANN A A

=
N Extra Strength o
] Clay Pipe I
NN NN 7/ SN NN T NN NNCL 1 S N
[

Foundation material
7y = 100 lbe/ft®
op = 20°

Ep = 30 tone/ft®

e = I =TT =TT I A T =TI T —4

pbe
)

Solution:
List data (BS-11%, pages 3-41 and 3-42)
7 =100 1lbs/ft%
by = 12.0 ft
For the ditch wall material ¢¢ = 20°
From ES-114, page 3-43, up = 037



For the backfill material ¢ = 26°
From ES-114, page 3-43, p = 0.48, K =0.38, Ko =0.19
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Since the ditch wall material has the smallest value of p, u' = 0.37

and Kn' = (0.38)(0.37) = 0.141

s = 1.5

From ES-119, page 3-T1, bC = 3.396 't
o

P =3 396 = 0-T07

Follow the procedure in ES-113, page 3-38.
Obtain &. Follow procedure on ES-115, page 3-45.

From ES-115, page 3-U6, either case c or case d exists.
b =b, =3. 396 ft

Solve for
L|EENY
Y EBe|l P
5 (case ¢) =

f .JQL_
k2 Keug

7f 100 _1

Y T 100

E

B 30 = 0.40

7 E
2] o

From ES-11k, page 3-43, Keup = 0.178

Ko  0.19
Korig =398 = 1.067
5 =5 =0.k7 o

1+ (0.40)(0.417) _ 1.167 _ g8 - T

B (case.c)_—-l + (1.067)(0.%0) ~ 1.k27 _

Find EE from ES-115, page 3-~-51.

b
= (0.818)(0.707) = 0.578 R I
B |
Is He < He-Jgi— 7
= (1.57)(3.396) = 5.332 ft TR Y

B g1 = (1.067)(5.332) = 5.689 FE g e L

Kehp

ey

L7060/
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Hp = 4.9 £t
He < 5.689 (shallow depth, case a exists)

y
Compute ZKup {l + [?f El;‘ B‘} (0. 38)(@#07)[1 + (0.417)(0. 1#O):l
0.3k =y
7¢ | E .
Compute 2Ku [}F é%j 7? = (0.40)(0.38) 3%383 — 0.219

Obtain w from ES-115, page 3-49.

= 0.61 , 67

Eé_ _ W _ 0'61 = “;:9_’:' = (.76
Compute b = oKy 6?33 = 1.605 B -
From ES-115, page 3-51, obtain 8 = 0.61 .14

_.§Q_Q_'_@-_._ ﬁ = ,':;"4'
=% = 0.707 = 0.863 —
Determine classification from ES-117, page 3-59.
H
—9 i13§g = 5.006
From ES-117, page 3-59 Bé = ghfmp EQ 12.0 _ = 3.5%
» P 3 bc = P bc 3 396

bg b3

5. > 7 4 ; therefore, the conduilt is classed as a positive pro-
¢ Pe jecting conduit.

Determine subclassification from ES-117, page 3-57.

B

=165 (7€

=5

— >-E§', therefore, the conduit is classed as incomplete

¢ c condition.

o

Obtain Cp from ES- 118, page 3-63.
-;P./’J,

2Kpdp = 0.2318, 2Ky (He/be) = 1.902
KuCp = 3.23 7.3/
= 8.49 8.7/

From ES-119, page 3~71, obtain sYFgp = Th4.5, Fop = fi%%%f2757
C= 4,963

From ES-121, page 3-81, obtain T = 2.24 (for beddings)

Let Fgp = Fgp

Solve for X; for bedding

Fop + KT &#963 + (0.38)(2.24)
Xp = R 8.492 = 0.685

Select bedding from ES-120, pages 3-75 and 3-T76.
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Any bedding having a value of Xp equal to or less than the calcu-
lated value is allowable. A type Bl (concrete bedding) may be used.

Example No. 5

Given: 1. A 2k-inch class IV, wall A, R/C pipe (ASTM Spec. C76-57T) is
proposed for installation on a concrete cradle which rests on rock.
There is no foundation material adjacent to the pipe or cradle. The
conduit is not ingtalled in a ditch.

2. The distance pb. is 4,77 ft.

3. The embankment material has an angle of internal friction ¢
of 30° and a unit weight ¥ of 110 1bs/ft5.

%4, The proposed height of fill above the conduit is 20 ft.

5. Consider 0.0l-inch crack in the R/C pipe satisfactory for
design.

Determine: Type of cradle that can be used.

Embankment Material

¢ = 30°
7 = 110 1bs/ft3

2
o]
[aY]
n
(24
=

Clags IV, Wall 4,
R/C pipe

Solution:
List data (ES-114%, pages 3-41 and 3-42)
¥ = 110 1bs/ft®
From ES-119, page 3-67, be = 2,417 ft
From ES-114, page 3-43, K = 0.333, Xy = 0.19
s =1
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o= gf%%7 = 1.97k Lo
Follow procedure on ES-113, page 3-38.
Obtain 8.
Follow procedure on ES-115, page 3-45.
From ES-115, page 3-47, case & exists, and & = 1.0.

Determine the classification from ES-117, page 3-59.

ba bl

' Bince by = =, 5o >-Eg, conduit 1s classed as positive projecting
c c

conduit.

Determine the subclassification of the conduit from ES-117, page 3-57.

S0 = (L.974)(1.0) = 1.97k /0
He 20.0
be  2.417 8.27
H
Since == >-gg, the conduit is classed as the incomplete condi-
tion. © ¢
Obtain Cp from ES-118, page 3-63.
2Kudp = (0.38)(1.974) = 0.750 2
2Ky (Ho/be) = (0.38)(8.27) = 3.143
From chart
SKuCp = T7.65 b

.6
Cp = 558 = 20.14

Obtain Fgp from ES-119, page 3-67, s?Fgy = 979.8, Fgp = (1103%15

. = 8.907
Obtain T from ES-121, page 3-79, T = 5.59 (for cradles)
P_.. + KT
Let Fgp = Fgy and solve for Xp = _EEE____
D

_ 8.907 + (0.333)(5.59) _
Xp = 20,10 . = 0.535

Select cradle from ES-120, page 3-Th.

Any cradle having a value of less than 0.535 is allowable.
Type A3 cradle (Xp = 0.50) is satisfactory.

Example No. 6

Given: 1, A 24-inch standard strength R/C (3500 psi) culvert pipe is
proposed for installation through an earth dam.
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2. The proposed maximum height of embankment sbove the top of
the conduit H,. at Sta 1+50 is 20.8 ft and the distance pb. is 0.3 1%t.
At 8ta 1467 He = 19 ft and pb, = 1.8 ft.

3. Consider that 0.0l-inch crack of the R/C culvert is permis-
sible for safe design.

k. The foundation material has an angle of internal friction bp
of 30° a modulus of consolidation Ef of 30 tons/fta, and a unit
welght 7, of 120 lbs/fta; The material is uniform down to a rock
layer wh{ch lies 8.4 ft below the bottom of the conduit.

5. When compacted to required density, the embankment material
has a unit weight 7 of 120 lbs/fta, an angle of internal friction ¢
of 40°, and a modulus of consolidation E of 26 tons/ftg.

6. The value of b for cradles is 4 ft and for beddings is 2.5 ft.

Determine: Types of beddings or cradles that may be used.

pbe = 0.3"
—_— ] ——
| | & :
pa —_ i _ | L3
! e :
I
—_———— o l—
i
Sta 1+50 Sta 1467
Solution:
List data (ES-114, pages 3-41 and 3-42)
7f
7 = 7g = 120 1bs/ft%, =1

From ES-119, page 3-69, b, = 2.5 ft
From ES-11k, page 3-43, K = 0.22, Ku = 0.183 for ¢ = 40°
s = 1.0

p = g*g = Q.12 for Sta 1+50
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@

p = 1.9 _ 0.72 for Sta 1+67

N
\Ji

Follow procedure on ES-113, page 3-38.
Obtain 5.
Follow procedure on ES-115, page 3-45.
From ES-115, page 3-L47, either case c or case d exists.

Solve for

& (case c) =

E _26_
Ee = 30 ~ 0.867

From ES-114, page 3-43, Kepp = 0.19 when ¢ = 309

Ku _ 0,183 _
Kehe  0.19 ‘_0'965

7 E| H_ )
L [7 E_f] Kepp = 1+ (1)(0.867)(0.963) = 1.83k

Since several values of & (case c) must be determined, prepare
columns 1 to 13 of table on page 3-22.

Column 1 lists the station considered.

Column 2 lists arbitrarily selected types of bedding or cradle
under consideration.

Column 3 lists values of ¥. Values of ¥ are obtained from the
distance ¥b,. For type Bl bedding and for all cradles, it is the
distance between the natural ground and the bottom of the hedding
or cradle. Types B2, C, and D beddings would not be used for a
conduit through a dam. Use minimum values for thickness of

bedding and cradles under the conduit (ES-120, pages 3-T4 and 3-75).

Column 4 lists values of p.

Column 5 lists values of Hy. The distance Hf is meagured from
the bottom of the cradle or rigid bedding to the nonyielding
foundation material. Hy = 8.233 ft for Bl bedding. Hy = 7.90 £t
for cradles (ES-120, pages 3-Th and 3-75).

Column 6 (gq is column 3 divided by column 4.

‘ [7e 21 v . _ 7f E
Column 7 l};“ Ei.‘.] b 1s the product of column 6 and [:—,5;- 7l

Column 8 lists & (case c).
Column 9 (8p) is the product of column 8 and column k4.



Column
values

Column
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10 lists values of He/b obtained from ES-115, page 3-51, for
of & shown in column 9 and for the given value of Ku.

11 (HL) is the product of column 10 and b = 2.5 ft or

b = l"no fto

Column

Column

When

When

10 (£ H% is the product of column 11 and —ii— .
Kfl.l.f Kf“‘f
13 lists the case for the determination of &.

= S = 8 O

Ketp He > He, case 4 exists.

When case ¢ is determined in column 13, the desired values of & are
given in column 8. If case d is determined in column 15, the de-
sired values of & are determined by the procedure for case d.

The conduit is not installed in a ditch, therefore, it is a positive
projecting conduit.

The subclagsification is determined by preparing columns 14 and 15 of
the table on page 3-22.

Column 1% lists values of He/be«
Column 15 lists'classification by comparing column 14 with column
He
10 since be - D
c . He e :
When — £ —, complete condition exists.
be — Dbe
¢ Heo | s
When g incomplete condition exists.
c c "

The remsinder of the solution is made by preparing columns 16 through
24 of the table on page 3-22.

From ES-119, page 3-69, Fgp = 5.724%.

Column
Column
Column
Column
Column
Column
Column
Column

Column
cradle

16 lists the value of T (ES-121, pages 3-79 and 3~81)
17 lists values of ZKpdp.

18 lists values of 2Ku(H./b.).

19 lists values of 2KuCp (ES-118, page 3-63)

20 (Cp) is column 19 divided by 2Ku.

21 (KT) is the product of column 16 and K.

22 (Fgy + KT) is Fgp plus column 21 (when Fgpn = Fgp).
23 (Xp) is column 22 divided by column 20.

24 gives permissible beddings and cradles. A bedding or
is permissible when the value of Xp in column 23 is equal to

or greater than the value of Xp for the particular bedding or cradle
(ES-120, pages 3-T4 to 3-T6).

If it is

desirable to use the same type of cradle throughout the

length of the conduit, a type Al cradle is required.



Q| © @|I®I|©] O |l 0| @ © © @ 6
©) 1+ (@D _
® 0.866 ®| 1531 @_ ES-115| b @0 |0.963 (D] Bs-115
Beddipg P 7 E| ¥ Hé t Ku 1 Eﬁ
Sta. cfZEle p Hy > [%;-iéi 5 B &p D He Keip He Case o Class.
1+50 Bl 0.947| 0.12| 8.15| 8.17 7.07 L 4o |.0.528| 1.53 | 3.83 3.69 c 8.3 | inc.
1450 | A1,A2,43| 1.08 | 0.12| 7.90{ 9.00 | T7.79 479 | 0.575| 1.60 | 6.50 | 6.16 c 8.3 | inc.
1467 Bl 0.3481 0.72} 8.15 ! 0.528 | 0.457 0.793{ 0.571| 1.59 | 3.98 3.84 e 7.6 | inc.
1+67 | Al,A2,A3| 0.480} 0.72| 7.90] 0.667| ©.578 0.860| 0.619 | 1.66 | 6.60 6.36 c 7.6 |. inc.
ES-121 2@@ 2K @ ES-118 X 0.22 @ 5.724 + @ @ ES-120
Beddiﬁg _ : Satisfactory
Sta. or T 2Kudp | 2K (He/be) | ZKulCp Cp KT Far + KT Xp Bedding or
' Cradle . : Cradle
1+50 Bl 0.06 0.193 5.0b 5.08 | 13.88 | 0.013 5.737 0.413 none
1+50 | Al,A2,A3 | 0.50 0.210 3.0k 5.21 14,24 | 0.110 5.634 0.410 Al
1+67 Bl 3.38 0.209 2.78 ho7h 12,93 | O.7hk 6.468 0.500 none
1467 | AL, A2, A3 | L4.61 0.226 2.78 4.80 13.12 | 1.01% 6.738 . 0.51% | Al, A2, A3

ée~¢
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Example No, 7

Given: 1. A 2h-inch class III, wall B, R/C pipe (ASTM CT6~57TT) is pro-
posed for installation through an earth dam. The conduit is not in-
stalled in a ditch.

2. A type Bl bedding is proposed for use, The bottom width of
the bedding is 3.0 ft.

3. The distance pb, is 1.75 ft.
4, The distance ¥b. is 1.05 ft.

5. The embankment material hasg a unit weight ¥ of 120 lbs/fts
and has an angle of internal friction ¢ of 30°.

6. The foundation material is a layer of clayey soil over a non-
yielding layer. The distance from the bottom of the Bl bedding to
the nonyielding layer is 2.1 ft. The angle of internal friction of
the clay is ¢¢ = 20°.

. —
T. Assume that [3; %% will fall within the range of
’f B
0.20 « [7 IE;] < 2.0.

8. Consider 0.0l-inch crack in the conduit permissible,

Determine: The allowable height of fill Hag.

Embankpent material

y = 120 1ba/ft3
¢ = 3°
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golution:
List data (ES-11%, pages 3-41 and 3-42)
Y = 120 lbs/ft3
From ES~119, page 3~67, b, =2.5 ft
From ES-11k, page 3-43, K = 0.333, Ku = 0.19

8 = 1-0
1.
p = 2.5 = 0070
Follow procedure on ES-113, page 3-39.
Obtain 8.

Follow procedure on ES-115, page 3=45.

From ES-115, page3-47, case ¢ or case d exists.
b = 3.0 ft

Solve for & (case c)

_1.05
T = 5.5 = Q.42
¥ Q.k2
D MOI’?O - 0.60

From ES-11k, page 3-43, Kpup = 0.178

Ku _ 0.19
Keup = 0.178 = 1067

7r E
When [37 Eé] = 0.2

® (case c) = i i 28 Sgggg gg%) = 0:9%3

Find %? from ES-115, page 3-51
5 =0.923)(0.70) = 0.6461
He

3 = 1.66 and H = (1.66)(3.0) = 4.98 ft

Is Hp < Hé Kfuf

LS. 67)(4.98) =
Kenip e (107)( 98) =5.31

He = 2.1 ft

He < He E&i_ » therefore, foundation 1s of shallow depth and
f case d exists.

Compute amp{l - £ }_ (0.38)(0. D)1 + (0.6)(0.2]]
= 0.298
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Compute 2Ku [275 E—E;] Ebi = (0.38)(0.2) g—:% = 0.0532
Obtain w from ES-115, page 3-49,
w = 0.66
Compute E-bé- = ‘QI%LL = '8“% = 1.737
From ES-115, page 3-51, obtain 8 = 0.72
Solve for & = %9' = %—%—g =1.03
hen [7;—f -ng-:l = 2.0
Find 6 (case c) = &0 (2:827 = 0.702

Find EDE from ES-115, page 3-51
& = (0.702)(0.70) = 0.491

% =1.45 and Hg = (1.45)(3.0) = L4.35 ft

Is Hp < H. K—KﬂlLf ?
L g _ (1.067)(4.35) = k.
B gl (1.067)(4:35) = b6k

He = 2.1 < 4.641, therefore, foundation is of shallow depth
and case d exists.

Compute 2Kup{l + [Z;i Ei;l g}= (0.38)(0.7)[1 + (0.6)(2.0)]
= 0.585

[

¥ i
Compute 2Ky [—}ELL—J = = (0.38)(2.0) £ =o.5%

W
(@]

Obtain w from ES-115, page 3-49

w=0.72
B w _0.72 _
Compute —= = PKe = 0.38 = 1.89
Obtain & from ES-115, page 35-51.
80 = 0.87

Compute & = % = 8—7?1 =1.24
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Aggume that claggification is positive projecting conduit, incomplete

condition.
¢ E |
For l:?- -ﬁ;]= 0.2

From ES-119, page 3-67, obtain Fgp = 5.152
From ES~120, page 3-77, obtain Xy = 0.588
From ES-120, page 3-T5, obtain X, = 0.65

Solve for

e¥ —~x = 2Kud + L = (0.38)(0.72) + 1 = 1.274
From ES-123, page 3-87, obtain x = 0.659

Solve for

*o(e®-x) + x =1.2T% + 0.659 = 1.933

H
Solve for (bLa) by Eq. 3-8.
[

0

Bog) _ 5152 + (0:5)(0.333)(0.7)%(0.588) + 2:£2 [(0.659)(2.933) - 1.933 + 1]
e/, (1.953)(0.65) - 6359 (5.7 (6.358)

_ 2']’2 0 u‘8+0028é_
= 56 o = 0168

Subclagsify

From ES-117, page 3-57, ;E

=1.7h

. [Hea He :
Since |—=| >, incomplete condition exists.
Pe | o be :
Since bd = o

b b3
gi > bj; and conduit is classed as positive projecting conduit.
s (e}

Heg = (5.168)(2.5) = 12,92 ft
For Z.),i -El:"g,: 2.0
Values of Fgp, X, and Xp are unchanged.
Solve for
e*— x = 2Kusp + 1 = 1.351
From ES-123, page 3-87, obtain x = 0.717
Solve for
= (€%~ x) + x = 1.331 + 0.717 = 2.048
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H
Solve for (ﬁfE) by Eq. 3-8.
c

o

be (2.048)(0.65) — (0.333)(0.7)(0.588)

_ 5,152 + 0.0 us + 0.718
=TT - 0037

(n_c&) 5.152 + (0.5)(0.333)(0.7)3(0.588) + 2:22 [(0.717)(2.048) - 2.08 + 1]
Q

= 4.956

Bubclassify

From ES-117, page 3-57, :32 = 1.89

Heg He
Since 5. >-B—, incomplete condition exists as assumed.
c c
o

Since by = o

by b}
d "> b—d and conduit is classed as positive projecting conduit.
(o]

Heg = (4.956)(2.5) = 12.39 £t

Note the small difference in values of H,g on using values of

7f B
[—7— Ef] of 0.2 and 2.0,

Example No. 8 .

Given: 1. A 24-inch standard strength concrete sewer pipe (ASTM Spec.
C14-55) is proposed for installation in a 5.5 ft ditch.

2. A type A2 cradle with a bottom width b of 3.52 ft is to be
used, The type of construction used will give a load factor of 2.6
if the classification is ditch conduit.

3. The distance pb, is 1.25 ft, the distance wbc is 1.6 ft, and
Hy is 10.0 ft.

k. The excavated material is used for backfill and has & unit
weight ¥ of 120 1bs/ft> and an angle of internal friction ¢ of 30°.

5. Use a safety factor s of 1.5.

7f E
6. The value of [7 Ef] is 1.

Determine: The allowable fill height Hq.g.
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\ RS
Backfill Material ]
b

7 = 120 1lbs/re3 B
¢ = N
bg = 5.5
Standard Strength Y
Conerete Sever Fipe 3 2
L}
o
F-]

Solution:

List data (ES-11%, pages 3-41 and 3-42) .
7 = 120 1bs/ft>
From ES-119, page 3-T1, b, = 2.354
From ES-114%, page 3-43, K = 0.333, Ku = 0.19
s = 1.5
Follow procedure on ES-113, page 3-39.
Obtain &.
Follow procedure on ES-115, page 3-U5.
From ES-115, page 3-4T, either case ¢ or case d exists.
b = 3.52 ft
Solve for & (case c)

¥ _L16 _ .8

P T 1.05 "
5 (case c) = ll++(%%§%i§8) —1.1%, & = (1.14)(0.531) = 0.605
From ES-115, page 3-51, obtain % =1.60

H = (1.6)(5.32) = 5.652
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y Koo _
He Koy = 5.632

He > Hé.4gi- , case ¢ exists

Kee
8 = 1L.1%, & = 0.605

Asgume clagsification is positive projecting conduit, incomplete
condition.

From ES-119, page 3-~71, obtain 87Fgp = 619.8

- 619.8
Fop = TR0 (1.5) = 32

From ES-120, page 3-Tk, obtain Xp = 0.450
From ES-120, page 3-77, obtain X, = 0.85
Solve for
e¥— x = 2Kusp + 1 = (0.38)(0.605) + 1 = 1.230
From ES-123, page 3-87, obtain x = 0.609
Solve for €% = (€% x) + x = 1.230 + 0.609 = 1.839

H
Solve for (ifgo by using Eq. 3-8
Ciag

H_cg |33 4 (0.5)(0.333)(0.531)%(0.85) + 8—:;& [(0.609)(1.839) - 1.839 + 1]
. (1.839)(0.45) ~(0.333)(0.551){0.85)

bc
_ 3.4k3 + 0.040 + 0.333 _ 5.628

0.828 - 0.150
Subclassify
From ES-117, page 3-57, gé = 1.60
[od
Hea
Since S| >-B—, classification is incomplete condition.
ety c
B H
(b—c) is (BE) = 5,628
Cc o C 1

From ES-117, page 3-59, (Bi) = 2.51
th

ba 5.5
b, 2.3k 2.336

c

by (bé)
— < —
bC bC 1
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Assume classification is ditech conduit.

Since the excavated material is used for backfill p!' =,

Lf = 2.6
From ES-119, page 3-T1l, Rep = 2400 lbs/ft
golve for
Ly R
Ry = f Reb _ (2.6)(2400) _ K160
s 1.5
Let Ry = Weq
Solve for
_ Wea 4160 -
Ca = 702 = [20)(5.5)2 = 1-146
H
From ES-118, page 3-61, ii? = 1.60
HC
B 7"
H H ba
Solve fo (—‘E -<2 (—-) = (1.60)(2.336) = 3.738
r 15, bg \bg = (£-60)(2.336) = 3.73

2

(Es@) < (H_c&)
bC o bc 1

b'
From ES-117, page 3-59, obtain (—‘1> = 2.25
2

be
1
ba  (ba
be De >
b 1
Fr Hea . d d
om ES-117, page 3-59, obtain 2Kp —— by using — = 2.336 for —
b, be b,
g,

HC
2Ky == = 1.672

(a4

H., = axu(—c—ﬁ—‘) % = (1.672) 2—251—* = 10.358 £t

Example No. 9

Given: 1. A T2-inch standard strength (3500 psi) R/C culvert pipe on
type Bl bedding is proposed for imstallation in a 10 £t ditch
(bg = 10.0 ft). If the conduit is classed as a ditch conduit, use
Lf = 1.9.

2, The excavated material is used for backfill and has & unit

weight 7 of 140 1bs/ft® and an angle of internal friction ¢ of 29°.
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3. fThe distance pb, is 6.50 ft.

4, The foundation material is rock and there is no foundation
material adjacent to the pipe.

5. Assume 0.0l-inch crack in the culvert is satisfactory for
design. :

Determine: Allowable height of fill H.g4.

: 7 N7 NS
Backfil] Material
¥ = 140 be/ft
0 =25° 3

bg = 10*

Stagdard Strength
(3500 pat) R/C culvert

Solution:
List data (BES-114, pages 3-41 and 3-L42)
7 = 140 lbs/rt®
From ES-119, page 3-69, b, = 7.167 ft
From ES-114, page 3-43, K = 0.345, Ku = 0.19

P =767 = 0-907

Follow procedure on ES-113, page 3>-39.
Obtain 8.
Follow procedure on ES-115, page 3-45.
From ES-115, page 3-47, case a exists.
5 =1.0

Assume positive projecting conduit, incomplete condifion.

From ES-119, page 3-69, obtain s7Fgp = 183.9

183.
Fop = ?TY%T%T = 1.314
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From ES-120, page 3-7T, obtain Xg
From ES-120, page 3-75, obtain XP

Solve for

0.66
0.650

eX— x = oKudp + 1 = (0.38)(0.907)(1) + 1 = 1.345

From ES-123, page 3-87, obtain x = 0.730

Solve for

= (€% x) +x =1.345 + 0.750 =

Solve for

2.075

1304 + (0:5)(0:345)(0.901)7(0-66) + §:2F [(0.730)(2.075) ~ 2075 + 1]

Hea
bco

Subclassify

From ES-117, page

H
Since (ﬁza <
a4
o

Compute U, Eg. 3-Ta

He
bC

(2.075)(0.65) — (0.345)(0.907)(0.66)

1,314 + 0.0 + 0. _
—-—41373K§e5£ﬂ§6f—152 = 1.892

He
3-5T , B'_

= 1.920
[od

, conduit is classed as complete condition,

(0.38)(1.314) + (0.19)(0.345)(0.907)*(0.66) + 0.650

U=

0.650
0.499 + 0.036 + 0.650 _
= 0650 =1.823
COmpute (O 345)(0.907)(0.66) _ = 0.318

X@

From ES-117, page 3-59, obtain

bg

Is = b

b
<(§)?
c Cl

10

0.650

= 1.395

(bé>
b N

c

H H
ca) = 0.72 (3f§> = 1.895
1 c/y

From ES-122, page 3-83, obtain 2Ku (
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Assume classification is ditch conduit.

Since the excavated material is used for backfill, Ku' = Ku.
Ly = 1.9
From ES-119, page 3-69, obtain Rep = 6600 lbs/ft
Solve for

B L Rep . (1.9)(6600)
= - 1

Rg S

= 12,540 1bs/ft

Let Ry = Wogy = 12,540 lbs/ft
Solve for

_¥ea 12,540 _
Ca = 7 2 = oy (10.0)2 ~ 0-8%

il

From ES-118, page 3-61, obtain 759 =1.20
d

. |

ca
Ty 7

be

i) H
(o) < ()
C/o c/a
-bl
From ES-117, page 3-59, obtain_(~9) = 1.65
=2

b
1
by [by
5. “\b.
c ¢/s

c
Compute

H H b
Solve for (—9§> = (—£§> Eg = (1.20) 0 _ 1.674
2 ¢ )

c

H
H,p = <7§§) b, = (1.674) 7.267 = 12.0 £t
2

Example No. 10

Given: 1. A 24k-inch Class V, Wall B, pipe (ASTM Spec. C76-57T) is pro-
posed for installation on a type Al concrete cradle, The conduit is
not installed in a ditch. :

2. The distance pb, is 2.0 ft and ¥b. is 1.0 ft.

5. The embankment material has an angle of internal friction ¢
of 30, a unit weight ¥ of 100 1bs/ft%, and a modulus of consolidation
E of 25 tons/ft?.

L. The foundation material has a unit weight 7¢ of 90 1bs/ft3,
an angle of internal friction ¢, of 20°, and a modulus of consolida-
tion Ep of 30 tons/ft®. There is a layer of nonyielding material a
distance Hp of 11.6 £t below the bottom of the cradle.
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5. Consider 0.0l-inch crack in the pipe as permissible for
design.

Determine: The allowable height of fill Ha.g,.

Embankment material
7y = 100 Ibs/rt3
¢ = 30°

2
E = 25 tons/ft =

Foundation material
7¢ = 90 lbs/rt? o
op = 20° A
Ep = 30 tons/ft?

Solution:
List data (ES-114, pages 3-41 and 3-42)
7 = 100 1bs/ft> |
From ES-119, page 3-67, b, = 2.5 ft
From ES-114, page 3-43, Kp. = 0.19, K = 0.333
s = 1.0

p === =10.80

Follow procedure on ES-113, page 35-39.
Obtain B. | |
Follow procedure on ES-115, page 3-45.
From ES-115, page 3-47, case ¢ or case d exists.
b = 3.0 It
Solve for & (case c)
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From BS-11%, page 3-43, Keup = 0.178

K 0.19
Reug = 0.178 = 1+067

1+ (0.75)(0.5) _ 1.
5 (case ¢) = T 11.067)(0.75) = 1_%;)& = 0.764

Find —};E
8 = 0.611
HS
From ES-115, page 3-51, 3° = 1.61
= (1.61)(3.0) = 4.83 £t
Is Hp < B ==~ 2
r < He Koy

5] K—‘;‘;—f— = (4.83)(1.067) = 5.15

Hp = 11.6
He > Hé kﬁl—- , foundation is sufficiently deep, case c exists.
e

Assume poOsitive projecting conduit, incomplete condition.
From ES-119, page 3-67, obtain Fgp = 13.7h
From ES-120, page 3-T7, obtain Xy = 0.766
From ES-120, page 3-T4, obtain Xp = 0.40
Solve for
e*—x = Kudp + 1 = (0.38)(0.611) + 1 = 1.232
From ES-123, page 3-87, obtain x = 0.612

Solve for € = (€% x) + x = 1.232 + 0.612 = 1.84k

Hca
Solve for Y by Eq. 3-8
(o4

o

be (1.845)(0.%0) — (0. 333)(0 80)(0.766)
o 13.T4 + 0.082 + 0.300 _ .6 )

(Hca> 15.74 + (0.5)(0.333)(0.8)2(0.766) + 3 “0 0-49 [(0.612)(2.8u4) — 1.844 + 1]
o

0.738 = 0.204
Subclassify
From ES-117, page 3-57, obtain T;H_e_ =1,61
c
. Hea He
Since v > 5.2 the incomplete condition exists.
e c
o :
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bg bg
Since the conduit 1s not installed in & ditch by = = and T >-B—.
Conduit is classed as positive projecting conduit. c c

be

H
Compute Hgq = (—EE) b, = (26.44)(2.5) = 66.1 Tt
1
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UNDERGROUND CONDUITS!:

projecting conduits,
or bedding are known.

Procedure for ditch conduits or positive
Determination of pipe when H. and cradle

l Agsume a value for bc J

Y

\

/

Obtain &, ES-115

Classify--ES5-117, sheet 2

Ditch
by b
4 .7q
bC bC

Pogitive Projecting
ba bc!l
be © Do

e

Obtain

Y

Cq---ES-118, sheet 1 Subclassify--ES-117, sheet 1
Lp...E8-120, sheet 1 Complete Incomplete
1 T
! B R LA
Solve for b, T D be 7 e
2
We = Cd'fbd 1 I - J
} ! ‘
Tet Rd = wc. Obtain
SRy CP...ES—llB, sheets 2 and 3
Solve for Rep, Tequired, = —— Xy +-E8-120, sheets 2-1
t
T....E5-121
Select pipe, ES-119.% Solve for

Obtain b,.

)

!

Fgr = CpXp — KT

!

Is b, equal to assumed bp?

Yes | TNo

{

!

Select pipe, ES-119.% Obtain bc.>

1

Use b, for selected pipe

Is be equal to assumed bp?

Yes I

!

No

Obtain &, ES-115

!

!

Use b, as ney value
of assumed bp.

Classify--ES-117,
Ditch Pos.
1
ba _Dg L
be - be b.

)

sheet 2
Proj. ( Selected pipe is
B! satisfactory.
>4 .
be

P

=

Selected pipe 1s
satisfactory.

(

L

a value of Fg

L

*A pipe is satisfactory if it has
greater than Fgp or

a value of Rep greater than Rep

required.

REFERENCE
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UNDERGROUND CONDUITS:
positive projecting conduits;

Procedure
Determination of cradle or
bedding when H. and pipe are known,

for ditch conduits or

_

Obtain &, ES-115

3

Clagsify=--ES-117, sheet 2

Positive Projecting

J
Obtain Cq....ES-118,

< sheet i>

Obtain Rep...ES-119
Solve for
Wb = Cd}quE
¥
sRg

Solve for Le = Reb
e

(Let We = Rg)

L

Select cradle or
bedding, ES-120, sheet
1. It is satisfactory
if it has a value of Lp

equal to or greater
than the required
value.

1
by b4
b 7 Db
{
Subclassify--E5-11T, sheet 1.
Complete Incomplete
L o K
be = be be 7 be
Obtain

(

ES-118, sheets 2 and 3.

)

Obtain
Fsp v e e r e . Es-llg
T cradles....ES-12]1, sheet 1

T beddings...ES5~-121, sheet 2

B

Let Fgp = Fgp
F + KT
Solve for Xp = —EEE———— (cradle)
D
F + KT
and Xy = —-&C—— (bedding)
P

|

Select cradle or bedding,
BES-120, sheets 2 to 4. It
is satisfactory if it has
a value of equal to or
less than the required
value.

REFERENCE

STANDARD DWG. NO.
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UNDERGROUND CONDUITS:

pipe and cradle or bedding are

Procedure for ditch conduits or positive
projecting conduits; Determination of allowable fill height Hcg when

known.

T Obtein &, ES-115 ]

Asgume classification 1s positive pro-
Jecting conduit, incomplete condition.

1

Obtain Fapeeve- E3-119
X,-.-...E8-120, sheet 5
Xpeoonns ES-120, sheets 2—1U

Solve fore*— x = ZKuBp + 1
Use actual value of p.

Y
[ ovtain x, E5-123, sheet 3 |

I Solve for =
¥
Heg

e
Solve for (—) » Eq. 3-8.

(g¥=x)+x |

when p > 1 uEEp=l
y

Subclessify-~-E8-117, sheet 1
Complete Incomplete
(Ec_ﬂ) R (_Hc_ﬂ) LE
bely T be be /gy 7 be
Compute U, Eq. 3-Ta .
vhen p > 1, use p = 1 (Eg_g) is(ic&
¥ v/, 1o\ %
Compute
ompute
L >
when p > 1 use p =1 ¥

i
Obtain 2Ky (fﬂ

E3-1e2

HCE

c 1
(b
c

b‘
Obtain ( ) by using
cly

) » ES-117, sheet 2
1

[ I

Eq. 3-8

o

x Y
H _ FSP+05K92Xa ggg s (xe™ —e*41)

prg,

Eq. 3=Ta

U=

K Fop + KuKp® Xg + Xp

1

Assume classification
1s dltch conduit

¥

Obtain Le..... ES-120, sheet 1
Rep- -+ -E3-119

Solve for Ry =

!

Iet Ry = Woq

Lr Rep

-1

kS

ca
2
4a

Sclve for Cg =

1

( obtain ilbc—;-, ES-118, gheet 14)

R

H
Is -5:3 = 7
No I Yes
ch =
Solve for
(E.c_ﬂ) . e (Pﬂ)
b 2 4 \bg
) ),
be/, T\ /,
No I Yes

b4
Obtain 5 ES-117, sheet 2
el2

b b
Isb—d<(b—d)?
c el

No L Yes

H
Obtain 2Ky bL& by
¢ Hoa

by

Cempute

. (%.f)a be

ba
X'P using F for 1_9-;
in ES8-117, sheet 2
): b )
( Compute H,, = [am %] EQC'I
c
REFERENCE STANDARD DWG. NO.
U. 8. DEPARTMENT OF AGRICULTURE 113
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SHEET 3 OF 3
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UNDERGROUND CONDUITS: Required data from site dimensions.

vertical distance. between top of embankment
(or backfill) and top of pipe, ft. When the
allowsble height of embankment (or backfill)
Hon 1= to be determined, the dimension H,p
is substituted for H, in the load formulas.

He

Hy = distance between the bottom of the cradle or
rigid bedding (bottom of the pipe if no cra-
dle or rigid bedding is used) and the non-
yielding foundation. This may also be con-
sidered as the depth of foundation material
below the bottom of the cradle.

o
I

bottom width of cradle or rigid bedding, ft.
If b < by, use b = by,

If no cradle or rigid bedding is used b = be.
outside diameter of pipe (ES-119). When the

type of pipe is to be determined, a value
for b, is assumed.

=2
el
I

13

actual width of a vertical walled ditch in
which the pipe is installed. When the ditch

ba

is constructed with sloping sides or the con-
duit is placed in a subditch at the bottom of
a wider ditch, experiments have shown that
the width of the ditch at or slightly below
the top of the conduit is the proper width to
use to determine the load on the conduit.

Phe
has taken place

p = projection ratio.

b, — For conduits resting on a yielding foundation, the quantity %b., is the distance between the
surface of the natural ground and the bottom of the cradle or rigid bedding.
is installed on a flexible bedding, the gquantity wbc is the distance between the surface of
the natural ground and the bottom of the conduit.
resting on a nonyielding foundation, the quantity b, is the depth of the yielding founda-

tion material.

¥ o

The matural ground surface is the surface between the foundation material and the embankment material.
If this is not a horizontal surface, values of pbe and Yb. that will provide a conservative design

should be selected.

the distance between the top of the conduit and the natural ground surface before any settling

Determine p from the relatiom p

¥o
Obtain the value of ¥ from the relation ¥ = —= .

by

Top of Embankment—,

Top of Pip%? B

Natural

Bottom of
Cradle or
Bedding

Nonyielding Foundation Material

pbe
be

If the conduit

For conduits installed on a rigid support

REFERENCE
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UNDERGROUND CONDUITS: Required data from soil tests-other required data

Data from Soill Tests

¢ = the angle of internal friction of the backfill or embankment material. The value of ¢ may be
obtained by actual measurement or by estimation. Methods for the determination of ¢ are given
in the National Engineering Handbook, Section 7, Soil Mechanics. Values of K, W, and Ku for
varicus values of ¢ may be obtained from ES-11%, Sheet 3.

¢p = the angle of intermal friction of the foundation material.

¢'" = the angle of internal friction of either the backfill materisl or material in the ditch wall
according to whichever 1s the lesser. When the angle of internal friction of the ditch wall
is greater than the angle of iInternal friction of the backfill material, ¢' = ¢ otherwise
" ¢' = angle of internal friction of the meterial in the ditch walls.

ViE + 1 — .
K = 27 2 Ml = ratioc of active lateral pressure to vertical pressure at a point in the backfill

VP + 1 + nmaterial.

i = tan ¢

Values of K, ¢, and Ku for variocus values of ¢ may be determined from ES-114, Sheet 3.

the unit weight of the embankment (or backfill) material, lbe/ft®. The value of 7 varies con-
siderably for different types of embankment (or backfill) meterisls. It should be measured
or closely approximated. Methods for determining the value of 7 are given in the National !
Engineering Handbook, Section 7, Soil Mechanics.

4

7¢ = the unit weight of the foundation materdial.

E = modulus of consolidation of the backfill or embankment materisl.

modulug of consolidation of the foundation material.

=3
e
n

E _ Gl +eg)
Er 0o+ ef)

where C, = compreesion index of the soil

e = initial vold ratio of the so0ll

o
Primed quantities refer to the foundation material ..

An approximate method of determining C, i1s given in Soils Mechanice in Engineering Practice,
Terzaghl and Peck, John Wiley and Sons, page 66.

[7f E;} Since this parameter does not greatly affect the computed value of &, approximating

;‘ B, its value as 1.0 is usually satisfactory.

Other Data

the settlement ratio. Values of & for rigld conduits may be o¢btained by following the proce-

5 =
dure on ES-~115.

s = a safety factor. The safe supporting strength of pipe is the supporting strength of a pipe
divided by the safety factor. Safety factors are recommended for various types of materials.
Since the value of R, for rigid pipes other than reinforeced concrete are specified as
strengths for ultimate loads a factor of safety of 1.5 or 2.0 may be used. Values of Ray
for reinforeed concrete are based on the load to produce-a 0.01-inch crack in the pipe. A
factor of safety of 1.0 is considered satisfactory for reinforced concrete pipe.
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UNDERGROUND CONDUITS: Relation of K,u, and Ky, in terms of
N
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ERGROUND CCONDUITS:. Determination of setilement ratio 8; Procedure

Select Proper Case, sheet 2

{ase a i Case b l Cases ¢ and 4

L Obtein b ]

Assume case c. BSolve For &. |

Yr E| ¥
1+ [E E] ? Compute 2Kup {l + |:Tf E—.:I p—}
7 Eg| P s
B (case ¢} = ————2

7P Bl mu
?' Ef‘{ Kfuf

(7t &
Compute 2Ku —_j[ -

. ¥ Ep
¥r E| ¥ H.
5=1+{——}5 Findf,sheeth

Cotain w, sheet 3

Is the foundation condition case d%

Is He less than H) -}—{F—

=] K 1
i Compute H—e =2
No ] Yes T T 2K
Obtain 8, sheet %
& (cuse c} ]

U, 3. DEPARTMENT OF AGRICULTURE STAMDARD OWG. NO.
SOIL CONSERVATION SERVICE ES- 115

ENGINEERING DI¥ISION - DESIGN SECTION

DATE 5-10-56

sueer _1 oF 4




UNDERGROUND CONDUITS: Determination of settlement

ratio &

Cases

Case a

Nonyielding foundation material

=AM o
Nonyielding 1ounuat1on material

Conduit Resting in or on Nonyielding Foundations with
Embankment Extending to the Nonyielding Foundation

The surface of the nonyielding foundation is considered as the natural ground line. The dis-
tance between the top of the conduit and the natural ground line is pbe.

Since the foundation is nonyielding, the additional settlements sr and sg are both zero, and

5=1

Case b

WA WSS

Nonyielding founuation material

Nonyielding foundation material

Conduit Resting on Nonyielding Support with Compressible
Foundation Materials Adjacent to the Conduit

The value of & is defined by the following relation

7.
8=1+|LEY
7Efp

Case ¢

t
I
|
1
i

Case d

i i

i

! i

t 1 o
¥ 1

t

) 5 e~ ¢ :x:
|
L » | ELR | ' v
1 H t
1 Lower plane of equal settlement . ' 1 al Yielding foundation material
Lower plane of equal settlement - N‘L - Yielding foundation ;ﬁterial | M of depth less than pio- ! ) <
il “3 . - » <
Yieiding Foundation Taterial Yielding foundation material £ of uepii:h less than T He E & ; Renp el
. .
of depth greater than Kx“ HL of depth greater than 7 e | -
tHe
= Nonyielding foundstion material Nonyielding foundation material
Nonyielding foundation material Nonyielding foundation materlal . . .
Conduit Resting on Yielding Foundation
Conduit Resting on Yielding Foundation Material of Shallow Depth
M: . £ s s
terlal o SuffICIently Great Depth The values of & and HL depend, emong other parameters, on the value of Hy. They are determined
The values of & and H} are determined from the following two derived relations: by the simulteneous solution of the following two derived relations:
¥
l+[7fn]v 14 fEEf]"'
4 Ef 2Ku(Hg /b 2Ku(HL /o )
. ) 5 = ——————— and e — 2Ku(HY/b) = 2Kpsp + 1
& = end € ¢ '— 2Ku(HE/b) = 2Kubp + 1 7¢ £ B e/
e E] R R AL
7 Be | Kenp £] He
When the value of & has been determined from the first of these two relations, the value of H' See Procedure, sheet 1.
may be obtained from the second relation, The values of & and H’ determined in this manner are
the correct values of & and Hg if Hp 2 KK’:f HL. See Procedure, sheet 1.
T
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1
and 8p for vorious values of K.

He
b

Determination of settlement ratio 3, relation of

UNDERGROUND GONDUITS
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IERGROUND CONDUITS. Clossification used for load determination

L UNDERGROUND CONDUITS |
CLASSTFICATION BASED (gN CONSTRUCTTION METHCDS : l

21704 CMTILT FOSTTINE PROECTING CORTUIT

REGATIVE FROJECTING CORDAIST OTIE CONDUTT WITH COKPASTED BADKFITL IMRBFECT BITCA CONDUTT

— CLASSTFICATION BASED ON RELATIVE SETTLEMENTS OF THE CRITICAL PLANE IN TAE IN'IERIOII{ AND EXTERIOR PRISM3 ‘—1

PROSECTIN £UNULTION

PROECTION COWIITIV DUTCA COMLTIION

— —_— CLASSIFICATION BASED ON RELATIVE HEIGHT OF EMBANWKMENT AND PLANE OF EQUAL SETTLEMENT — — _;

1 [ 1

—1
Top of Eabacumrd
-’»@j ik viiins )

i il ",

fop ol ExSanicent

Egu) Beitiesmnl

Piaze of Equal Bulilomst Hasr of Gque) Sebblemact Plane cf Lqua) Settlemerd Einz of Fjumt Saltleart Plase £f Bqusl $etllmeat

of Eabankasqt

1 kabachoerl Tap of knbucimesi Fap_of Eghankeerd

i
INCOKPLETE COMDITION

LOFLET CORDIITE IKCOMPLTIE CONOTTIOH

COMPLETS CIMDITION
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UNDERGROUND CONDU|TS:

Classification used for load determination

"Construction methods" will class all conduits into & primary divisious,

It includes site

conditions end design requirements as well as construction methods.

DITCH CONDJLT

An underground conduit is claseed as a ditch conduit if
&ll of the following conditions exist:

1. The conduit is installed in a sufficiently narrow
ditech,

2. The ditch is backfilled to an elevaticn that dis
higher than the top of the conduit but not higher than
the originel ground surface.

3, The beckfill is more compressible than the material
in the ditch wall.

The determination of whether or not a ditch is suffi-
ciently narrow is given by EB-117, sheet 2,

FOSITIVE FROJECTING CONDULT

An underground egpduit is classed as a positive project-
ing conduit 1F all of the Tollowing conditions exist;

1., Tae conduit is installed in & sufficiently wide
difeh or no ditch.

2. The foundation meterial under the conduit is
approximately the seme as the foundation material
adjacent to the conduit.

3. The compressibllity of the material in the ioberior
prism is spproximately the same as the materlal im the ex-
%erior priocm.

The determination of whether or not e diteh is suffi-
ciently wide is given by ES-117, sheet 2,

NERATIVE PROJECTING CONIDUIT

An underground conduit is classed as a negative project-
ing conduit 1T 4ll of the following conditione exist:

1. The condult ie instslled in a sufllclently narrow
ditch.

2, Tne diteh is backfilled to an elevation that is
nigher then the natural ground,

A dikch is sufficiently nerrow if the load on the con-
duit computed by the negative projecting condult formula
is less than the lead on the conduit computed by the
positive projecting conduit formula.

DITCH CONIUIT WITH COMPACTEED BACKFTLE

An undergreound conduit is claseed as a ditch conduit

with compacted backfill if el of the following
conditions exist:

Y. The conduit i1s installed in a sufficiently parrow
ditch.

2. The ditch is backfilled to an elevation that is
higher than the top of the conduit but not higher than
the original ground surface,

3. The backfill is less compressible than the
material in the ditch walls,

A diteh is sufficiently narrow if its width ia less shen
the value of h:i ag computed by the formula

IMPEAFECT DITCH CONDUIT

fn underground condwit is classed as an imperPect ditch
condult if the following condition exists:

An unusual! methed of comstruction is used to im-
gure that the material in the interior prism immediately
above the conduit is sufliciently more compressivle than
the materiml in the exterior prisms. &n embankment 1is
copstructed in the usual manner to g height 1 to 1 1/2
times the width of the conduit sbove its top., A tremch
having & width b, and centered directly above the con-
duit is dug in this constructed embankment o the top
of the conduit. The t{rench is loosely backfilled to the
top of the trench and the embankment completed in the
ususl manner.

CONDULIT ON COMPRESSIBLE BEDDING

An underground conduit 1s classed as a conduit on com-
prassible bedding if the following condition exists:

An urmegual method of construction is used io in-
sure that the foundation raterial under the conduit is
sufficiently more compressible than the foundation mate-
rial adjecent to the copduit., This is accomplished by
excayating & trench in the foundation material slightly
wider than the outside width of the copduit. The trench
is backfilled with & compressible materiaml. The conduit
15 installed on the compressible material.

“Reletive settlements" subclassify positive a
negative projecting conduits into either pro-
Jection condition or ditech conditicn.

1. The proJection condition exists when the ex.
terior prism settles more than the lnterior prism
(5 and B" are positive]. For positive projecting caor
duits this condition cceurs for all rigid pipes. Fo
negative projecting condwits this condition existe wi
the backfill material around and above the pipe is 1
compressible than the material in the diteh wall.

2. The ditch condition exists when the interio
prism settles moTe tnan the exterior prism {& and &'
are negative}, The ditch condition does not pecur fc
rigid pipes installed as positive projecting conduit:
(1% cen exist for flexible pipes installed as positis
projecting conduits.) For negative projecting condud
the ditch condition oceurs when the backfill materia]
ercund and sbove the pipe is more compressible than
the material in the ditch walls. :

"Relative height of embankment" subelassifies o

classifications except ditch conduits apd ditcl
conduits with compacted backfill into either tl
complete copdition or the incomplete condition,

He _ He
1, The complete condition oecurs when — = — .
bc bt
HC H(
2. Thne incomplete conditicn occurs when 0= > 5
g [

where H, = neight to top of embankment from khe te
of" the eonduit

Hg = height to plane of equal setilement Fre
the top of the pipe
Since no plane of equal eettlement exists for diteh e

duits and ditch condults with compacted backfili, the
are oot subdivided.

REFERENCE
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Categorizing positive projecting conduits; Complete or incomplete condition

ERGROUND CONDUITS
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UNDERGROUND

CONDUITS: Categorizing conduils; ditch conduits, or positive projecting conduits.

', use Ky in this chart.

; the econdwit is classed as a ditch condult,

— ; the conduit is classed as & positive pro-

Jjecting conduit.

U, 8, DEPARTMENT 0F AGRICULTURE
SOIL CONSERVATIOM SERVICE

ENGINEERING DIVISICN - DESIGN SECTION




Loads on ditch conduits.

RGROUND CONDUITS
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projection condition,

Loads on positive projecting conduiis,

UNDERGROUND CONDU!YTS:

6.0

= cp’rbcz

We
Complete Condition

2

KulH, /b, )
2Ku

e

%

Incomplete Condition

DulBefo.)
]

He
bC

B

e
K

2KulH,

H,

See sheet 3 for values of 2Ku b larger than 5.0.
<
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IGROUND CONDUITS:  Loads on positive projecting conduits, prajection condition.

We = Cp?b, 2

Complete Condition

2Ku ik /b )

1

e
C, =
T oM

Incomplete Qopditlon

. eau(;‘h(l -1 . & _E e.vxu[NJnd
p = 2K be by

See sheet 2 for values of 2Kp bﬁ spaller thas 5.0.
[
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UNDERGROUND CONDUITS: Reinforced concrete pipe; values of bg, Rgp, and sYFsp

RELIFOQRCED CORCRETE FRESSURE PIPE CCHCHETE PHESSHUFE SEWER PIFE REINFORCED COXCRETE SEWER PIFE
{ASTM Spee. C361-557) [ASTM Bpec. £362-55T) (49T Spec. C75-55)
Internal Cutside B ¥ Internal Jutside Re * 3000 Esi 3500 psi kooo psi |
Diemeter Diameter l'fb/f s;rFEp* Diameter Diameter 1'bb 2t s?‘Fsp' concrete aonerete concrege
a--1n, Bo--Tt SITL d--in. bo--Tt s/ Internal | # - -
- ° Diameter l‘lea“s]/ft Quteide . Cutside ” Cutside .
d--in. Diameter | s*F Diameter 57T, Diameber 8¥F
12 1.333 2250 1811 12 1.333% 2950 1811 in a1t BD g1t Ep P sp
15 1.58% 2625 1499 15 1.583 2625 1499
8 1.575 3000 | 121 18 1.875 s000 | 1221l 12 1800 1.333 | 1450 lege | 1k ..
21 2,144 3000 932.2 21 2.1h6 3000 93z.2 135 2000 1.625 1084 1.583 nk | ...
oh 2.7 3600 73h,5 ol 2,417 3000 T3k.9 18 2200 1.917 856.7 heee E e 1.833
30 2,958 3375 552.0 30 2.958 3375 552.0 21 2hog 2,208 Tob .5 P hees 2.125
3% 3.501 Lasa ¥57.5 36 3501 koso 457.5 24 2koo 2.500 54,5 2437 578.3 2.k7
] 4,125 Lyas 397.4 b2 k125 bras 397.4 27 2550 2,750 4825 2.708 bgT.6 2,687
48 I .6BT Shoo 351.8 i) I, 687 shigo 351.8 30 2700 3.083 ho6.5 3.000 k29,3 2,958
Sh 5.250 o850 | 3037 5 -5.250 5850 | 303.7 33 2850 3.375 | 8.0 || 3.292 3.763 § 3208
6o 5,833 6000 252 .4 éo 5,833 Sooo 252 .4 36 3000 3.667 319.3 [ 3.563 338.2 3.500
&6 6,417 6300 218.9 42 3200 L.2s0 253.5 4,195 26g.1 4 062
72 7.000 6500 192.7 48 3400 4.833 208.3 L. o8 219.5 %.625
Sh 3700 5.417 180.4 5.271 190.6 5,208
60 Looo 6.000 159.0 5.833 168.2 5.750
66 lg50 €.583 ho.3 1 6.396 148.7 6.292
RETNFORCED CONCRETE CULVERT PIFE e 4500 7167 | 125k | 6.9% | 1330 | 6.3

(ASTK Spec. CT56-55)

Standard Strength Standard Strength N .
Tnternal 3500 pel concrete 4500 psi concrete Extra Siremgth ¥ Rgp, and S7Fsp values on this sheet are
Diameter | {utside Rep™® Outside ot Cutside Rt
d-~in, Dt”eﬁir Lbsfrt | SIFap” Dé“m";zr thafre | #7Fep” Déame’;ir tvooser | SFapt based on the load to produce ¢.0l-inch crack,
e " e [-2nie
12 . 2
1.333 2250 | 1B12 1,292 2250 | wes I ... | o] ..l 1.431 Rep
15 1.625 2625 | 1436 1.583 2625 | 1lbg [FTPI s8¥Fsp = ———F—
18 L.917 3000 | 1168 1.833 sooc | 1278 I ..., AT N be
?h 2.500 3000 686.9 2,417 3000 7349 2.500 Loon 5.8 FSP = provided strength factor
40 3.083 3375 | s08.1 3,000 33715 | 536.6 3,083 s000 | 752.8 b . t th
36 3667 | koso | 4310 || ssée | oso [uses || s.ser | 6o | 6385 Bep = tm{geaidg.e he:igzi)s rene
b2 4250 byas | stz | 4es bras | 397.4 4,250 7000 | 554.6 ADLmne
%} 4,830 shoa | 330.7 4,708 shoo | sh8.6 4,833 Booo | kso.i
' ‘ ' b, = outside width of conduit
54 5.416 s850 285.3 5,271 5850 01,3 5,417 5000 438.8 €
60 6.000 | 6000 | 2385 || s5.833 | 6000 |ese | 6.000 pooo | 357.8 s = sefety factor (see ES-11%, sheet 2)
66 6.583 &3o0 | 208.1 &.h17 300 | 218.9 5,583 5500 | 313.7 ¥ = unit weight of beckfill or embank-
12 T.167 6600 | 183.9 i 7.000 8600 {192.7 || T.157 g900 | 275.8 ment materisl (see ES-11h,

sheet 2)
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~“RGROUND CONDU|TS: Clay and non-reinforced concrete pipe; values of be, Reb, and syFgp

ADARD STRENOTH CLAY SEWER PIFZ
[ASTM Spee. £13-54}

ERAMIC GLAZED CLAY SEWER PIFE

CONCRETE IFRIGATION FIPE EXTRA STRENGTE. CLAY PIFE EXTRA STEENGTH CERAMIC GLAZED CLAY PTPE
{AETM Spec. 0261-54) [ASTM Bpee. C318-55) [ABTM Spec. C200-55T) [ASTM Spec. CRTE-35T)
nal | Outeide -
R Interanl Duteide - Internal Dutside . Internal Cutelde *
ter | Dimmeter el 57Fap® > Feh Bey * < : *
P I D it . Feg™ Diameter Diameter ) 57F, D " n . 57F,
ild be-ory | VS0 :T;c:er :T?r:r wefre | Ter d--1n. bty | 1DB/TS SP ain ;:Jfrzr Tbs/Tt =
0.8 1000 8581 y 0.458 1000 £8e2 § 0.589 2000 G250 6 0.589 2000 B250
0.583 1000 4125 5 o542 1000 | 4871 8 a.77L 2000 4BLS 8 0771 2000 4813
0.77E 1000 2ho7 5 a.625 1000 5665 190 0.538 2000 308 10 0.958 2000 3118
0.558 wo | 175 8 0.813 loao | 2165 12 1146 | =m0 | 2bse 12 1,146 2asg | evse
1,146 1200 1308 10 1.000 1250 178 15 1432 2750 1919 135 1.4k32 2750 1919
1432 Moo | 5770 18 1,188 100 | 152 18 1.719 s%0 | 1598 18 1,719 300 | 1556
1.712 1700 | 823.3 P 1.375 woe | 1211 21 2.010 50 | 1364 21 2,000 msa | 1364
2,010 2000 ToB.4 15 1.479 1700 1112 2k 2,252 kg 1199 oy 2,252 Lo g
2.252 2hao £53.8 6 1.563 1B 1054 27 2,583 L7aa 1008 30 2,865 5000 8717
2,583 2730 589.8 i 1.750 1900 887.8 Al 2,855 Sa00 8711 36 3,306 £000 k.5
2.85 3200 331,38 20 1.979 2000 | 730.8 33 3.135 5560 B00.8
3.135% 3500 509.6 21 2.083 2100 692,65 6 3,396 £000 hi, 5
3.356 3560 | 439 ol 2,354 2200 | 568.1 CONCRETE SEWER FIFE
{4STM Spec. C14-55}
PERFORATED CLAY PIPE Standard Streagth Extra Streagth
[ASTH Spec, C211-50] ]IJ;‘::::}_ outeide Bk . Cutside - .
de-tn. THameter 1;‘; foo | ST Dlameber | 350, | S7ep
o _—_— ] Internal | Cutside Ry “ be--ft ben-Pt
BATH T CLAY OR CONCHETE Digmeter Diareter 3 axFy "
1hefft op 13644
{ASTM Spec. £4-55) d--1im. bg--£t sf [ 0,k27 1000 TELE 0,458 2000 36
L o406 1000 861 & 0.604 1100 4315 0.625 2000 TIET
Standard Extra Quallty P 4yes ] 0.792 1300 2666 0.812 2000 Lzl
enal o589 1000 123 oB6
Outbe ide Cutside . 10 0,979 A UTHN] 2050 1.000 2000 z
fb" Dlameter Beb® ¥rFg," Piameter b s¥Fg ¥ g 0,171 1060 2hat & 5 1.2 2050 2130
L 1 .
n. DAt lbs/ft ¥ bo--it lha/ Tt P 10 0.956 1100 1715 12 1.1 1500 1579 20 :
1z 1.186 1: 15 1.k58 1750 1176 1.521 2750 17aL
! Bop ~loo 'l 200 | 1308 B 1has
15 1432 1hon 977.0 18 1.7 2000 93.5 1.B33 3200
Z iﬂ iiog 8 1,729 1700 B33 21 2,042 2200 5.0 2,125 3850 1220
o 1100 T ' 2 ) + Yyl 065G
o4 2.35% 2409 615.8 2.437 00 1
5 Bon 1100 2t 2,010 2000 ToS.hJ
) o0 1100 2 2,992 2400 £53.8
> 2 800 u B 1100 £ *
’ 4 a0 3 k| 1100 4 Rep and syFgp values on this sheet are based on the ultimate load.
] 4 930 g q 1200 g
L s 1000 8 v 1400 a
] ] 2 2 1.431 R
3 = 1130 = 1500 = s7Fgp = & _<b b, = outside width of conduit
] 1230 1600 be
) 1230 2000 s = safety factor (see ES-11L, sheet 2)
3 1430 2200 FsIJ = provided strength factor .
] 1530 2boo ¥ = unit weight of backfill or embank-
, 1730 2800 Bep = three-edge bearing strength ment material (see ES-114,
(ultimate load} sheet 2)
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"~ UNDERGROUND CONDUITS:

values of bg, Reb, and sYFgp

Reinforced concrete culvert, storm drain, ond sewer pipe,

(ASTM spec. C76-57T};

CLAsS T
D load 1o praduce ©.01-Lreh crack = BOD (3-cdae Mearing testl

CLASS TIT
T load to prodace .03-lnch crack = 1350 {3-edge bearitg best)

CLASS ¥
T lbad 1o produse .01-1inch crack = 3000 {3-edge bearing test
Hall B Wall C
Taterael | o & Ouiside CuLside
DPlameter u?;,r’ff, Dimmeter | =7Fop® § Miceeter | syFy
d-~in, - bt
12 3000 1.333 T S
15 310 1.625 202
18 4500 1.917 1752
21 5250 z.208 L VR B .
24 [ 2.500 1374 2,851 1207
=7 6750 2,752 1239 2.9% 1119
30 750 3.083 1135 3.208 1043
23 a5 3315 103 3.500 63,
b3 S0 3,667 537.8 3,813 25,1
L2 10500 k.250 231.8 L35 TBS.
1) 12000 b 833 T35.2 L-> £
SN 13500 5.521 6330
[ 15000 £.125 512.!
56 16500 &, 708 Sab,
72 16000 | eeeen | aeas 7.852 2.1

Rey and s»Fg
based on the load to produce 0,0l-inc

values on this sheet ar

crack.,
I 1.431 Ry
5D bc2
FSP = provided strength factor
Bep = three-edge bearing strength
{0.01-inch crack)
b, = outside width of conduit
s = safety factor {see ES-11h4, shee
¥ = it weight of backfill or emba

ment material {see ES-11%4,
sheet 2]

1 Wall 4 Wall B WAl & el B
Interoa v P omen : Inbernal \ 2 "
promwter | A%ir | Diaaser | st || phaasser | st mimmcter | | DL | s || Dhetier | Ty
) bo--1T Be--FL —in. VeIt be--Tt
& Lpoo 5.833 165.2 6.000 159.0 12 135 1252 | 1158 1.33 | 1087
&6 UWhao 6.7 152.9 6,553 5.3 13 16BR 1.58 88,5 1.625 g1k .4
T2 Lo T.000 0.2 T.167 1337 13 2023 1.633 Baa b 1.7 88,5
ki rer) 7.585 129.4 750 123.9 o1 233 2,123 A6 2,208 693.5
h Ssa0 5167 19G,1 H.323 152 24 270 al1y 6614 2,500 6182 o
90 Geoo 8,750 112.1 8.1t 8.0 oF 3033 2,583 G01.6 =752 C T | S
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UNDERGROUND CONDUITS: Rigid pipes; ditch cradles and beddings

and their load factor values

Type A-concrete cradle
Le¢=2.2 10 3.4

A copncrete cradle is obtained by placing the pipe
in plain or reinforced concrete having & minimum
thickness under the lowest part of the conduit ex-
terior of d/4 or of 6 inches whichever is greater
(where 4 is the nominal inside diameter of the
pipe in inches).

Type B—first class bedding
Lf=l.9

First-class bedding 15 that type of bedding ob-
tained by placing the pipe on fine granular ma-
terials in an earth foundation carefully shaped
to fit the lower part of the pipe exterjior for a
width of at least 60 percent of the pipe breadth.
The remainder of the pipe is entirely surrounded
to a height of at least 1.0 ft above its top by
granular materials carefully placed by hand, to
fill completely, all spaces under and adjacent to
the pipe. The fill is tamped thoroughly on each
gide and under the pipe as far as practilcable in
layers not exceeding 0.5 ft thick.

Type C—ordinary bedding
L¢=1.5

Ordinary bedding is that type of bedding obtained
by placing the pipe with "ordinary" care in an
earth foundation shaped to fit the lower part of
the pipe exterior with reasonable closeness for a
width of at least 50 percent of the pipe breadth.
The remainder of the pipe is surrounded to a
height of at least 0.5 ft above its top by granu-
lar materials, shovel placed and shovel tamped to
£111 completely all spaces under and adjacent to
the pipe. ' ’

Type D—impermissible bedding
Le=lld

Impermissible bedding is that type of bedding in
which little or no care is exercised to shape the
foundation to fit the lower part of the pipe ex-
terior and to refill all spaces under and around
the pipe.

REFERENCE
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UNDERGROUND CONDUITS:

Rigid pipes; Projecting cradles

and their bedding factor values.

‘g but not less

than &"

Reinforcing
steel

but not less

L3
3

..-

Type A1 Cdncrete Cradle Xp=0.400

Type Al is that type of cradle having a
rhan = be y minimum thickness of reinforced concrete
under the pipe of one-fourth of the nomi-
nal interior diameter and extending up
the sides of the pipe for a height equal
4 to one-half of the outside diameter. The
— transverse steel requirement for a type
Al cradle is:

(1) Bar sizes shall not be smaller
than number 3.

(2) Bar spacing shall be s maximum
of 12 inches.

% but aot lass

thon 6" ——
an | b: |

T

=

but not lass
than &
m|

d
4

. 3

Type A2 Concrete Cradle Xb=0.450

Type A2 is that type of cradle having a
minimum thickness of concrete under the
pipe of one-fourth of the nominal in-
terior diameter and extending up the
sides of the pipe for a height equal to
one-half of the outside dlameter.

Type A3 Gonc

k')
6

but not lass

thaon & = b .

rete Cradle Xp= 0.500

Type A3 is that type of cradle having a
minimum thickness of concrete under the
pipe of one-fourth of the nominal in-
terior diameter of the pipe and extend-
ing up the sides of the pipe for a
height equal to one-fourth of the out-
gide diameter.
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UNDERGROUND CONDUITS: Riqgid pipes: Projecting
beddings and their bedding factor values.

Type B1 Concrete bedding Xp=0.650

be

[
L

to natural ground
or b, minimum

.|

to natural ground
Lpr b minimum
-t ]
Thoroughly
W compacted
My, |earth backfill

PRI
10 minlimum

CONSTRUCTION METHOD 1

be

¥

to natural ground
or b, minimum

I_a .

to natural ground
or b minimum

" o

Thoroughly

compacted
Zakgéar_earth backfill
\

-,

//5 inch minimum

CONSTRUCTION METHOD 2 -

Type Bl, concrete bedding, is that type of bedding having the lower
part of the pipe bedded in a thin layer of concrete for at least 10
percent of its overall height. The earth filling material is thor-
oughly rammed and tamped, in layers not more than © inches deep,
around the pipe for the remainder of the lower 30 percent of its
height.
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UNDERGROUND CONDUITS:. Rigid pipes; Projecting

beddings and their

bedding factor values.

Type B2 First class bedding Xp=0.707

] Theroughly tamped earth

fine granulor material
accurately shaped to fit pipe

Type B2, first-class bedding, is that type of
bedding having a projection ratio not greater-
than 0.70 in which the pipe is carefully bed-
ded on fine granular materials in an earth
foundation carefully shaped to fit the lower
part of the pipe exterior for at least 10 per-
cent of its overall height. The earth filling
material is thoroughly rammed and tamped, in
layers not more than 6 inches deep, around the
pipe for the remainder of the lower 30 percent
of its height.

Type C

Accurately shaped to fit pipe

Ordinary bedding Xp= 0.840

Type C, ordinary bedding, is that type of bed-
ding in which the pipe is bedded with "ordinary"
care In an earth foundation shaped to fit the
lower part of the pipe exterior with reasonable
closeness for at least 10 percent of its overall
height, The remainder of the pipe is surrounded
by granular materials, placed by shovel to fill
all spaces completely under and adjacent to the
pipe. In the case of rock foundations, the
pipes are bedded on an earth cushion,having a
thickness under the pipe of not less than 0.5
inches per foot of height of fill, with a mini-
mum allowable thickness of 8 -inches.

Type D Impermissable bedding Xp=|.3|0

/-"'_'_'_“— T

Not shaped
to fit pipe

Type D,—tmpermissible bedding, is that type

of bedding in which 1little or no care is exer-
cised either to shape the foundation surface
to fit the lower part of the pipe exterior or
to fill all spaces under and around the pipe
with granular materials. This type of bedding
also includes pipes on rock foundations in
which an earth cushion is provided under the
pipe, but is so shallow that the pipe, as it
settles under the influence of vertical load,
approaches contact with the rock.
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UNDERGROUND CONDUITS; Rigid pipes; relation of T and Iﬁun for various volues of p

s used

to determine T when p 1s greater than

11

the value of p

The parameter T is a funetion of the
active lateral pressure on the pipe.

Therefore,

See sheet 2 for values of T for beddings

FOR CRADLES
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Relotion of 2Kp

complete projection condition;

Positive projecting conduits,

UNDERGROUND GONDUITS:

KPXQ
Xp

values of

+ Kup® Xy + Xy

2y Fyp
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UNDERGROUND CONDUITS: Values of eX for various values of x
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UNDERGROUND CONDUITS: Values of e-X for various values of x
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UNDERGROUND CONDUITS:

Values of e*-x for various values of x
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APPENDIX A - DERIVATION OF FORMULAS FOR LOADS ON UNDERGROUND CONDUITS

Ioads on Diteh Conduits

Assumptions
The following assumptions are made in the derivation of the formula for
loads on ditch conduits:

1. The conduit is installed in a ditch whose walls are vertical.

2. The weight of the backfill material produces uniform vertical
pressure at any horizontal plane over the entire width of the
ditch. '

3. (Cohesion is negligible.
The ditch walls do not settle.

5. For rigid conduits all of the vertical pressure in the backfill
at the elevation of the top of the conduit is carried by the
conduit.

6. For flexible conduits part of the vertical pressure in the back-
fill at the elevation of the top of the conduit is carried by
the backfill material between the conduit and the sides of the
ditch.

T. The shear at the sides of the ditch is distributed as uniform
- vertical pressures (by virtue of internal friction in the back-
£i11 material) over the entire wildth of the diteh at any hori-
zontal plane.

8. The magnitude of the vertical shearing stresses between the back-
f£i11 material and the sides of the ditch is equal to the active
lateral pressure exerted by the earth backfill against the sides
of the ditech multiplied by the tangent of the angle of friction
between the two materials.

Derivation of load Formula for Ditch Conduits

When a conduit is placed in a ditch and covered with backfill material,
the backfil]l material tends to settle downward. This tendency of the
backfill material above the top of the condult to move produces vertical
friction forces or shearing stresses along the sides of the ditch. These
gshearing stresses give support to the backfill material.

Shearing Stresses. The cross section of a ditch condult having a length
of one foot is shown in Fig. A-1. Consider a horizontal differential
element of the backfill material. The distance H is measured from the
top of the backfill to the differential element.

The shearing stress exerted on each ditch wall is obtained as follows:

The active lateral pressure of the backfill material on the ditch wall at
any point is.

£ 5q
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where P = total vertical pressure on a horizontal plane within the
- interior prism, lbs/ft length of ditch

The magnitude of the shearing stresses at one end of the horizontal dif-
ferential element is

P
T =
Ku g dH

Differential equation. Equate the vertical forces acting on this
element.

P oag =
P+ dP + 2Ku'bd_dH =P + 7bg dH

bg

Fig. A-1 Iloads on & horizontal element of
the backfill material for a ditch conduit

The solution of this linear differential equation gives the total verti-
cal pressure P within the ditch on any horizeontal plane a vertical dis-
tance H from the top of the backfill in the interval O £ H £ H.. When

H = H,, the total vertical pressure within the ditch at the elevation

of the top of the condult is

-2Ku' (He/by)
o d 2Kp* ot

vhere P, = total vertical pressure in the width by at the top of the
conduit, 1bs per linear foot of conduit

vertical distance from top of backfill to a horizontal ele-
ment of fill material having a height of dH, ft

e e oo+ . (A1)

e
it

The proportion of this total vertical pressure that is carried by the
conduit will depend on the relative rigidity of the conduit and of the
fill material between the sides of the conduit and the sides of the
ditch. For rigid plpes such as burned clay, conecrete, or cast-
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iron pipe, the side fills may be relatively compressible and the pipe
itself will carry practically all of the load P,. It the pipe is a rela-
tively flexible thin-walled pipe and the side fills have been thoroughly
tamped, the load on the conduit will be reduced by the amount of load the
side fills carry.

Ioad formulas for Aitch conduits. The total vertical load on rigid ditch
conduits with relatively compressible side fills is

Wo = Cgobg® v v v h e e e e e e e (1-1)
~2Kyu* (He /g )
where (4 = 1 _.2KZ : Y ¢ B D)
p!

The total vertical load W, on flexible pipes with thoroughly compacted
gside fills is '

Woe =Cqoabg + o+ v v v v v ve e e e (1-2)

ILoads on Positive Projecting Conduits

Assumptions
The followlng assumptions are made for deriving the equations for loads
on positive projecting conduits:

1. Vertical shearing planes exist between the interior and exterior
prisms.

2. (Cohesion is negligible.

3. The magnitude of the shearing stresses is equal to the active
lateral pressure at the vertical shearing planes multiplied by
the tangent of the angle of internal friction of the embankment
material.

4. The weight of the embankment material above the top of the con-
duit produces a uniform vertical pressure over the entire width
of the interior priasm.

5. The shear at the sides of the interior prism is distributed as
uniform vertical pressure (by virtue of internal friction in
the embankment material) over the entire width of the interior
prism.

6. The shear at the sides of the exterior prism is distributed as
uniform vertical pressures throughout the embankment in the in-
Tinitely wide exterior prism and its effect on the consolidation
in the exterior prism may be neglected.

7. The embankment material has a constant modulus of consolidation.

8. The foundation material has a constant modulus of consolidation.

The modulus of consolidation of a body of soll is the ratio of the unit
vertical pressure to the unit consolidation in the vertical direction.
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The assumption of vertical shearing planes is employed for convenience,
and load measuring experiments indicate that the assumption is valid.

Exigtence of the Plane of Equal Settlement

Congider a rigid condult resting on a nonmyielding foundation (Fig. A-2).
The interior prism at the top of the conduit has not settled because
the rigid conduit and its nonyielding foundation have prevented any
settling. The exterior prism at the nonyielding foundation has not
settled, but a particle in the exterior prism has settled from point A
to the point A' because of the consolidation of the embankment mate-
rial below the particle. . Particles in the interior prism resist the
settling of particle A and thus a portion of the load above particle A
is transferred to the interior prism causing congolidation of the par-
ticles in the interior prism.

Top of Embanlcment.;

'
uf|

FPlune of Equal Settiemnt-?

# IIxc
SBhearing Forces Acting
o lll /on Interior Prism )

1: .
o5 JI Interior Frism l
| |
{ *

vhen e = 0~ | V—‘\ Critical Plane

vhea T = Hﬂfﬁ o
1P

Rigld Condult—] ]

Exterior Prism Exterjor Priam

Foundation

Fig. A-2 Basic case for considering the action
of an embankment over a positive projecting conduit.

Consider a higher particle B in the exterior prism which settles more
than an adjacent particle in the interior prism. A portion of the load
is alsgo transferred from the exterior prism to the interior prism.
Since loads are being transferred from the exterior prism to the in-
terior prism, the unit load in the exterior prism is less than the unit
load in the interior prism. A greater consolidation exists in the in--
terior prism than in the exterior prism above point A because of the
greater unit loads in the interior prism causing consolidation.

At point C the consolidation in the interior prism is greater than the
consolidation in the exterior prism above point A by the amount of the
settling from A to A'., Therefore at point C the gettliement in the in-
terior prism is equal to the settlement in the exterior prism and there
is no transfer of loads from the exterior prism to the interior prism
at and above the plane of equal settlement.
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Determination of the Height of Equal Settlement He

To ascertain whether the complete or incomplete condition occurs, it is
necessary that He be determined. The derivation ghown in the determina-
tion of H. is that originally developed by A. Marston®*. Marston's
assumption for determining Hgy yields an expression which gives slightly
greater values for loads on condults than those assumptions used by

M. G. Spangler®. The expression for He is obtained by a consideration of
the various additional settlements and additional consolidations.

Expression for the value of sy. By the definition of the average modulus
of consolidation of the embankment material subjected to loads resulting

change in unit stress
from £i11 heights of He to He, E = 5= ng’;gin o=t~ , cbtain
the result

Y(Ho —
sm-_—,—-u—E—-Ee;)pbc..............(A—e)

Expression for the valye of Ag. Likewise, obtain the result on recogniz-
ing assumption 6, page A-3

xe=&%;{-—-—-—ﬂi)ﬂe..............(A-5)

Expression for the value of A\iy. Equating the vertical forces acting on
the horizontal differentisl element of the interior prism, and recogniz-
ing, as was shown on page A-1l, that

ar! P =
T T T 7o = 0

obtain the differential equation (see Fig. A-3)

dP":tEIQJ%:dH...............(A-lt)
C

vhere P! = vertical pressure on a horizontal plane within the interior
prism when the embankment height is equal to the height
of equal settlement (He = Hg), lbs/ft length of conduit
P" = additional vertical pressure on a horizontal plane within
the interior prism due to the weight of the material above
the plane of equal settlement, lbs/ft length of conduit

In Eq. A-4 the top sign in the (#) symbol is used for the projection con-
dition and the bottom sign is used for the ditch condition. This conven-
" tion is used wherever double signs appear.

The solution of this differential equation (Eq. A-4) gives (using the
boundary condition P" = ?b.(H, — He) when H = 0)

P" = 7bc(Hc - He) E;EMJHﬁM) SN A (A'5)
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The value of additional consolidation of the embankment material between
the top of the conduit and the plane of equal settlement in the interior
prism Ay is the summation of the consolidation for each differential
horizontal element. The consolidation of each differential element is

dxizE-I;—cdH.................(A-6)

The solution of this differential equation is (using the boundary con-
dition Ay = O when H = 0).

e & V(Hc = He) bC [ 22K (Ha/be) :[
i= 7 PRy | e -1

.o (A-T)

Top or Embanmentg

Hc‘i‘leg

Plane ¢of Equal Settlement7
1

o 2,
*
ki
a4 ,7b.dH
o ]
Gl g
o ?T N
Kiz— + = | aH
2 e
i%
-
*
A
JL ~ AA-Critical Plane
P' = Pressure on any horizontal plane in
the interior prism when Hy = Hy
P" = Additional pressure on any horizontal be .
plane in the ipterior prism due to
the weight of the material above the
vlane of egual settlement Nat 1 Ground
atura. TOUT

Fig. A-3 Forces used to determine the additional
consolidation of the material in the interior prism

Expression for He. Byl the definition of the fplane of equal settlement,
the additional settlement at the top of the interior prism is equal to
the additional settlement at the top of the exterior prism.

7(HC '—He) bc [ *EKM(He/bC) :l
* E DK -1

=[:1(-1_1£E____—He):|He+sm + 855 . . . . (A-8)

Rearranging, and using Egs. 1-3 and A-2, obtain

+Sf+5c

g PulFe/e) ¢ 2Ku(Ho/b,) = * 2Kudp + 1 cee e (1K)
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Derivation of Ioad Formuilas for Pogitive Pro;gcti Conduits, Complete
Condition ‘

The vertical forces on any horizontal differential element in the interior
prism may be equated as follows (see Fig. A-U)

P+dP =P+ b, dH # 2K g~ AH . . . . . . . . (A-9)

C

The solution of this differential equation (using the boundary condition
=0, P=20) is

> e*2KM(H/bc)_ 1 - .
P = b, o B - B 10

At the top of the conduit P = W, when H = H,. Therefore, the load on
projecting conduits, complete condition, is

wc = prbcz . . v + . - . . . . . . . . . s . (1_5)
where
tQKu(HC/bC-)_ 1 )
C‘p = oK. T 59

Since Egs. 1-5 and 1-5a are applicable for both the complete ditch condi-
tion and the complete projection condition, they may be used to determine
loads on both rigid and flexible conduits.

Plane of Equal Settlement (Imaginary)-7

Top of Embankment

Natural Ground

Fig. A-4 TIoads on a horizontal element in the
interior prism for the complete condition
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Derivation of Ioad Formulas for Positive Projecting Conduits, Incomplete
Condition

The vertical forces on a horizontal differential element of the interior
prism are equated (see Fig. A-5).

P+aP =P+, QH ¢ 2Ky c-AH . . . . . . . . (A-11)

C

The solution of this differential equation (using the boundary condition
H=0, P= [H, — Hg]?b.) is

2. 2
Yoo YbeT aoku(Efh,) £2Ku (/)
= F 0 & —— c H, — H.)7b ¢ . . (A-12)
P=7% oKn © + (He e)7be €

At the top of the conduit (when H = Hp) P = Wo. Therefore, the load on
positive projecting conduits, incomplete condition, is

WC = prbc2 - [ [ L] - - - L[] e - - a L] L[] - - 'S L[] (1-6)

where

. _e*EKH(He/bc)_ 1 R Eg _ iH-e_ etEKu(He/bc)l . (1-68-)
P 2K be be

Top of Embankment
P71 WNITIN WHIZ NV L/ NN ONNT NNV SNV NN/ N

| Plane of Equal Settlement
I __\

Natural Ground

Fig. A-5 loads on a horizontal element in the
interior prism for the incomplete condition
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Icads on Negative Projecting Conduits

Classification Requirements

An underground conduit is classed as a negative projecting conduit if all
of the following conditions exist:

1. The conduit is installed in a sufficiently narrow ditch.

2. The ditch is backfilled to an elevation that is higher than the
natural ground.

A ditch is sufficiently narrow if the load on the conduit as computed by
the negative projecting conduit formula is less than the load on the con-
duit as computed by the positive projecting conduit formula.

Projection Condition

When the backfill material around and above a negative projecting rigid
conduit is less compressible than the material in the ditch walls, the
projection condition exists. The projection condition exists because
loads are transferred from the exterior prisms to the interior prism.
The load on a negative projecting conduit, projection condition, will
usuvally not be greater than that obtained by using Egs. 1-5 and 1-6 when
p =1L, No load formulas will be derived for negative projecting con-
duits, projection condition.

Diteh Condition
The ditch condition requires that loads be transferred from the interior

prism to the exterior prism. The ditch condition exists when the back-
fill is more compressible than the natural ground.

Definitions used for the ditch condition. In the discussion of loads on
negative projecting conduits for the diteh condition, the following
terms are redefined:

1. The interior prism is that prism of backfill and embankment ma-
terials which is bounded by the vertical planes colncident with
the sides of the ditch containing the conduit, the top of the
conduit, and the plane of equal settlement.

2. The exterior prism is that prism of embankment material which is
bounded by the interior prism, the natural ground, the the plane
of equal settlement.

5. The critical plane is that film of particles of backfill materi-
als that was originally lying in the horizontal flat plane at ’
the elevation of the natural ground when H, = p'bg.

k, The plane of equal settlement is that film of particles of em-
bankment materials that lies in the lowest horizontal plane
which remaing as a plane as settlement takes place. This neces-
sitates that the settlement of & particle of ecmbankment at any
elevation above the interior prism will be equal to the settle-
ment of any particle having the same elevation above the exterior
prism., Thus there are no vertical shears existing between the
particles of embankment materials above the plane of equal
settlement.
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5. The projection ratio p' is the ratio of the distance between
the natural ground surface and the top of the conduit (when
Heo = 0) to the width of the ditch by.

Determination of height of equal settlement He. Again, to determine
whether the complete or incomplete ditch condition occurs, it is neces-
sary to determine He. The derivation shown in the determination of Hg
is based on the same set of assumptions that A. Marston used for posi-
tive projecting conduits and will give slightly greater loads than the
derivation developed by M. G. Spangler.12

Definitions and symbols for negative projecting conduits, ditch condi-
tion, will be discussed before deriving the expression for the height
of equal settlement He since some are different from those used for
positive projecting conduits.

Symbols. The symbols used to evaluate the additional settlement
of the top of the exterior prism are (see-Fig. A—6)

Aen = additional conseolidation of the embankment material
between the natural ground and the plane of equal
settlement, ft

additional settlement of the natural ground surface be-
low the exterior prism due to the consolidation of
the foundation, £+

Sg =

The symbols used to evaluate the additional settlement of the interior
prism are (see Fig. A-6)

MAipn = additional consolidation of the embankment material
between the critical plane and the plane of equal
settlement, ft

8¢ additional deformation of the conduit, ft

sp = additional settlement of the bottom of the conduit
(i.e., the surface of the natural ground beneath the
conduit) due to the consolidation of the foundation,
ft

sq = additional consolidation of the backfill material be-
tween the top of the conduit and the critical plane,
b

I

Definition of settlement ratio 8'. The settlement ratio &' is the
ratio of the difference of the additional settlement of the natural
ground in the exterior prism s, and the additional settlement of the
eritical plane (sc + sp + sd) to the additional consolidation of the
backfill material between the top of the conduit and the critical

plane sg.

8, = (5. + 8p + 83)
ot = B0 90 L. (A1)
d
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Top of Embankment @

[ 1]

o
|
o
Plene of Equal Settlement7
l Mp= additlonal consolidation of | Nep= additional consolidation
the embankment materiel be- | of the embankment mate-
tween the criticsl plane and | rial between the natural
the plane of equal settlement I ground and the plane of
equal settlement
= }
Exterior (Prism Interior Prism | Exterior Prism
| =) |
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QL [a¥
=
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!
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\
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/ \ \ N
/ \ >— 5. = additional deforma-
"/( tion of the conduit

Initial Elevation before Backfilling

—

- ————~FElevation when H, = Hg

Elevation after Completion of Fill

Fig. A-6 Negative projecting conduit
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Values of 83y Agps Mpe Expressions for the values of Sq» \eps
and Ajp 8re obtained in a manner similar to that used to obtain the
additional consoclidation for positive projecting conduits.

_ Y(HEo — He)bg [l _ e'aK“(He - D'hd)/bd:]
Mn 2KuE |

= 7(He — He)bd.l: e‘eK“(He = p'vq)/og

~2Kn(Hg /bg) J

.« (A-1Y)

_ Y(He — Ho)(He — p'hbg)
)“en - E

Expression for Ho. By the definition of the plane of equal settle-
ment, the additional settlement at the top of the interior prism is
equal to the additional settlement at the top of the exterior prism.

7’(Hc — He )bd [ e-exu(ﬁe - p'bd)/bd]
K B 1=

+ 8p + 8, + 8q =

7(He - He)éﬂe ~ e'ha) Sg o+ v - o (A-15)

Rearranging and using Eqs. A-13 and A-14, obtain

g e/ [(5' +1)e™ - 5':| + 2Ky (He/bg) ~ (HKup' +1) =0 . . (A-16)

Complete and incomplete conditions. The comparison of He/bd values
with Hc/bd. values define whether the complete condition or incomplete
condition exists.

When — £ — , the complete ditch condition exists.

When —d- > __d-. , the incomplete ditch condition exists.

The value of He/bd is required to determine the load on a negative pro-
Jecting conduit for the incomplete diteh condition.

Derivation of load formulas for negative projecting conduit, complete
ditch condition. The equations for the load on negative projecting con-
dults, complete ditch condition, are obtained in a manner similar to
that used for obtaining Egs. 1-5 and 1-5a.

L A e ¢ Sk
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where
e-EKp(Hc/bd) _

T e e e e e .

Cp = .+ . (A-1T7a)

Derivation of load formulas for negative projecting conduits, incomplete
ditch condition. The equations for the load on negative projecting con-
duits, incomplete ditch condition, are obtained in a manner similar to
that used in obtaining Eqs. 1-6 and l-6a.

WC = Cnybda . . » . - . . . - . - - » * » - - » (A-lB)
where
-2Kn(He /by )
e -1 Ho  Hel| -2Ku(io/bg)
Cp = T + [bd bé] e . e s (A—lSa)

It is necessary to determine the value of Hg/bg by the use of Eq. A-16
to solve Eq. A-18a since Eq. A-18a contains He/bd as one of its
variables.

Ditch Conduit with Compacted Backfill

An underground conduit is classed as a ditch conduit with compacted back-
£ill if all of the following conditions exist:

The conduit is installed in a sufficiently narrow ditch.

2. The ditch is backfilled to an elevation that is higher than the
top of the conduit but not higher than the original ground sur-
face.

3. The backfill is less compressible than the material in the
ditch walls.

A ditch is sufficiently narrow if its width is less than the values of
by as computed by the formula

. CpbeZ |
bd = HC + 8 & s % = s 8 s &8 = & a 8 & + = & (A-l9)

The load on the conduit depends on the degree of compaction of the mate-
rial adjacent to the conduit, If this material is relatively incompress-
ible, part of the weight of the material in the ditch above the conduit
will bhe transferred through the adjacent material to the foundation.
Therefore, the minimum load on the conduit will be equal to the weight of
the material directly above the condult. If the material adjacent to the
conduit is relatively compressible, no load will be transferred through
the material to the foundation and the load on the conduit approaches a
value equal to the weight of the backfill material of width by in the
ditch above the conduit. For conservative design the latter assumption
is used and the load on the ditch conduit with compacted backfill is

WC = 7chd a . - . - - . - - - . - . . ] . . - (A-QO)



A-1k

If external loads, such as wheel loads, cause consolidtion of the mate-
rial in the diteh wall, the loads on the conduit are increased and the
conduit should be treated as a positive projecting conduit.

Tmperfect Ditch Conduit

An underground conduit is classed as an imperfect ditch conduit if the
following condition exists:

An unusual method of construction is used to insure that the com-
pressibility of the materials in the interior prism immediately
above the conduit is sufficiently greater than the compressibility
of the materials in the exterior prisms. An embankment is con-
structed in the usual manner to a height 1 to 1 l/2 times the width
of the conduit above its top. A trench having a width b, and
centered directly above the conduit is dug in this constructed em-
bankment to the top of the conduit. The trench is loosely back-
filled to the top of the trench and the embankment completed in

the usual manner.

The method of construction is used to insure that the interior prism
will settle more than the exterior prism so that the friction forces
acting on the interior prism will reduce the vertical load on the con-
duit. This type of construction should never be used through an em-
bankment, that is used to store or retain water.

The load formulas for an imperfect ditch conduit are the load formulas
for negative projecting conduits, ditch condition.

Conduit on Compressible Bedding

An underground conduit is classed as a conduit on compressible bedding
if the following condition exists:

An unusual method of construction is used to insure that the foun~
dation material under the conduit is more compressible than the
foundation material adjacent to the conduit. This is accomplished
by excavating a trench in the foundation material slightly wider
than the outside width of the conduit. The trench is backfilled
with compressible material. The conduit is installed on the com-
pressible material.

This type of construction insures that the ditch condition exists.

This requires that the interior prism settles more than the exterior
prisms. The shearing forces transfer a portion of the weight of the in-
terior prism to the exterior prisms. Conduits on compressible bedding
should not be used where the function of the embankment is to store
water.

The load formulas for a conduit on compressible bedding are the load
formulas for positive projecting conduits, ditch condition.



APPENDIX B - DERIVATION OF SUPPORTING STRENGTH FORMULAS FOR
CIRCULAR RIGID PIPES INSTALLED ON PROJECTING CRADLES AND BEDDINGS

In a field installation the supporting strength of a pipe is greater than
that determined by the three-edge bearing test. A more favorable load
distribution exists on pipes in the field installation than that of the
three-edge bearing test.

Load Factor

The ratio of the supporting strength of the pipe in any stated loading
condition R, to the supporting strength of pipe in three-edge bearing
Rep is called the load factor.

L =5 o vt v s e b h s e e e e (2-2)

The value of a load factor depends on the distribution of the loads on

the conduit. The type of cradle or bedding associated with the conduit
together with the classification of the underground conduit determines

the distribution of the load on the conduit.

Total Load = W

RERERERE

trtrettt
Total Load = &¢Wo

s -

Rep
Total Load = W,
Fig. B-la  Assumed load dis- Fig. B-1lb Assumed load distribu-
tribution for the case of tion on an underground conduit
three~edge bearing installed on a projecting bedding

Figure B-1lb is a generalized load pattern consisting of five variables
(B, o or p, r, kt, and Wy). This pattern was prepared from a study of
experimental data of loads on underground conduits. Because of the va-
riety of values of these five variables, it 1s impractical to obtain
load factors by actual test. An expression for the load factor in terms
of these variables has been analytically derived.® The expression for
the load factor is determined by the following procedure:
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The maximum allowable fiber stress in a pipe for the three-edge bearing
test is derived (Fig. B-la)., This is set equal to the derived maximum

fiber stress for the assumed load pattern given in Fig., B-lb. The re-

sulting equation is rearranged to give Rn/Rep or the load factor Le.

The maximum fiber stress for the three-edge bearing load is to be ex-
pressed in terms of Rep and r. The maximum moment in the shell of a

rigid pipe for a three-edge bearing load occurs at the bottom and the
top of the pipe. Since tension is the critical stress for most rigid
pipes, the pipe fails at the inside surface.

The horizontal reaction Rp 1s zero sinee no horizontal loading is
assumed in the three-edge bearing test (see Fig. B-3). By the flexure
formula
Mpe
B
feb = '-'-I"h « s & 8 s ® & & s & ® & & &8 & & @& + » (B-l)

The value of Mp is not statically determinable. A relation based on
the elastic properties of the pipe is required to determine Mgp.

Flastic Theory of a Thin Ring

The Bending of a Beam by a Moment M

The application of a moment at any section C of a static beam (see Fig.
B-2) will cause compressive stresses in the fibers on one side of the
neutral surface and tensile stresses on the opposite side of the neu-~
tral surface. This causes bending in the beam and a tangent line to
the neutral surface is rotated through an angle A®. The relation of
the angle A9 and moment M is derived.

Consider a differential element (see Fig. B-2) in compression of a
length A a distance y from the neutral axis. The rotation of the tan-
gent through an angle A6 causes a change in the central angle by the
amount A0, The differential element is shortened by the amount yAO.
The unit deformation is & = yA8/Al. By Young's modulus (E' = 0/0) the
total stress on the differential element of a cross-sectional area Na
15

AS:UA&:E'BA&:E'y%A&

The moment of this differential element with respect to the neutral sur-
face is

MM = yAS

or

dM:E'y’z%%da

Assuming the modulus of elasticity is the same for both compression and
tension obtain, on integrating,
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40 _
M=E'T g5 « v m v et e (B-2)

where %% = the instantaneous rate of change of the angle which the tan-

gent to the neutral surface is rotated per unit length of
the neutral surface. This rate of rotation is caused by
the moment M. The value of do/df is also equal to the in-
stantaneous rate of change (caused by the moment M at sec-
tion C) in the central angle per unit length of the neutral
surface. The central angle 6 for a circular ring is meas-
ured from any fixed radius to the section C.

or

Tangent before
o bending

B ) B
Fig. B-2 Bending of a circular beam caused by a moment at a section

The total change in the central angle (6, — ©;) by application of a vari-
able moment M in the segment of a thin ring subtending the angle € is
(observing that df = rde)

ae
- =_ 39 .. ....(B-
o5 @ @ = J BT (B-3)

= 0y

The change in the central angle between sections A and B is zero for a
symmetric loading on the ring. Therefore, multiplying the integrand of
Eq. B-3 by the constant E'I/r, obtain

™
./(. M@ =0 v v v v v e v e e e e . (B-b)

0
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Maximmm Fiber Stress for Three-edge Bearing Load

The moment M at any point C in the ring is contained in the integrand
of Eq. B-4. This is to be expressed in terms of Rep, r, and the moment
Mp at B. By statics (see Fig. B-3)

R

M=Mg — _gh r sin ©

Substituting into Eq. B-4

m R m
a0 - r =2 sin 6 49 = O
2 .
0 0

obtain
Rep T

™

MB:

A factor of 0.75 1is applied to allow for the shift in the neutral axis
and for the non-linear proportionality of stress and strain near ulti-
mate stress or

0-75 Re'b Ir
Mg =" s s s e e e e e e (B-5)
Observing that % and substituting Eq. B-5 into Eq. B-1l, obtain
e‘b = - L] . (B_6)
Rep ¥ 8in 8
2
By symmetry
RB =0

Fig. B-3

Second Relation by Elastic Theory

A second relation based on the elastic theory is required for the deri-
vation of the expregsion for the maximum fiber stress for the assumed
load pattern given in Fig. B-1b
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The second relation is found by a consideration of the displacement of
the end of a eircular beam caused by rotating the beam at a section
through a small angle. Rotating a beam at section C through any small
angle ¢ will cause the free end B to be dlsplaced (see Fig. B-4).

Fig. B-4 Displacement of the end of a clrcular
beam caused by a small rotation at a section

Since CC', C'W, and CW are perpendicular to B'B", BB", and BB' respec-
tively, then

B'B" _ cCt

] nnt =
AWC'C =~ ABB'B and BB cW

wvhen the angle & at point C is small, then approximately
BB! = CBE
CB =CW

Hence the horizontal displacement B!B" of the point B due to a rotation
at section C 1s

B'B" =CC't but CC' =r(l — cos 6) then

]3!]3"=gr(l—cose) ............-(3-7)

The rotation per unit length of beam A® at any section C caused by the
moment M is given by (see Eq. B-2)

=M
20 = pir AL

The horizontal displacement of point B by the rotation AG is obtained by
substituting A9 for ¢ in Eq. B-T.

B'B" = g%l (1 — cos 8) AL
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The sum of all displacements at point B caused by the moment M at all
sections C in the interval 0 < & < 7 is zero for a symmetric loading on
the ring. Observe that Al = rAS, then

T
2
f %(l—-cose)de=0
0

Multiplying by E'I/r® and subtracting from Eq. B-4

m
f M cOos ede = 0 » . - » - . * - . - . - . . (B—B)

0

Maximum Fiber Stress in a Pipe Installed on a Bedding

The fiber stress is obtained for the load pattern given by Fig. B-1b.

The load R, is that load which csuses failure. The maximum fiber stress
for the given load pattern is to be expressed in terms of Rs, T, B, Q)
and ki. The maximum moment in the shell of a rigid pipe for a symmetri-
cal loading about a vertical diameter is either at the top or at the
bottom of the pipe. Pipes on cradles fail at the top and pipes on bed-
ding fail at the bottom of the pipe.

By the flexure formula and observing that a direct stress Rp is to be
considered (see Fig. B-5)

Rp
%

fec .......-........(B-g)

c
I
The values of Mg and Rp are not statically determinable and are deter-
mined by the use of Egs. B-4 and B-8. An expression for M (moment at
any section C of the pipe wall) is written for all values of 6 in the
intervals 0 £ 0 =B, B=O0=qa, as 0= 7/2, and 7/2 S 6 = 1, using the
principles of statics. These expressions are substituted into Eqs. B-4
~and B-8 with the proper limits. After integration the values of Mp and

Rp are determined. : :

The values of RB and Mp are

R, ) .

RB = 6‘% (cosg B + 2Y Kt) e 4 e = e s e .‘ . (B-lO)
31"f‘{c ~cosZ B Ik B 3 cos B . BT
-~ Thy [ 6 TS "BemptT B8 ‘16

_7Tsinp B sinp Ky | - ‘
T + I +h]"'(Bll)
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where

_ 37m cos @ — 3x cos & + sin & cos® o + 2 sin o (B-12)
- 1+ cosc

2 2 -
7 - 2m cos” @ — ¥ cos” Q@ + 3 cos @ sin @ + W~ (B-13)
l+cosa

As before a factor of Q.75 has been applied to the moment Mg.

2.
Observing that % = E—

t = 0.15r, obtain

and substituting Mg and Ry into Eq. B-9 and letting

rR '
foo = _Eg.(xp T 0 T ¢: JA LY
‘where
13.5 0.775 cos- B 9B 13.5 cos B
L= g - T "t BT sin p T 8
9sin B L 9B sin B _
- 5 + g e« o« . . (B-15)
and
x = L:22Y  1.1292 e e e e e e e e (B-16)
a T T

where Y and Z are defined by Egs. B-12 and B-13.

R
i; = total vertical losd
Rq
M Z= = unit vertical load
2r
——

A A
RA -

unit letersl

load

ktR, = total latersl load

mific
r{l + coe ] "

» K]

]

Zf = total reaction

5;—5—:;6 = unit reaction

Fig. B~-5 Assumed loads for actual field conditions
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Maximum Fiber Stress in Pipe Instaliled on Cradles

Pipes installed on cradles fail at the top.

The maximum fiber stress at the top of the pipe is (see Fig. B-5)

“MAT_?""""""""(B'”)

The values of My and Ry are obtained by use of the values of Mp and Ry
and the principles of statics. They are

TRolcos? g Yry B 3 cos B T
My = [ 6 t 3 t B sin B * 8 16
Ked TR Tk, COS O
+Bsin5+ﬁ-2t— o ]...(3-18)

RAz_ET“t T& Y*‘{'. e e e ... (B-19)

Substituting Mp and Ry into Eq. B-17 and letting t = 0.15r, obtain

(xp fpXg) o s v e e e e e e e . . (B-1W)
where
_ 0.775 cos? B, 0.5625p  1.6875 cos g
XP o Y Fsin B T
- 0.28125 + 220 8IDB . .. (B-20)

and

1.1252  1.55Y , |, (p-21)
T m

Xy = 2,40 + 2,25 cos a —
where Y and Z are defined by Egqs. B-12 and B-13.

Ioad Factor for Projecting Cradles and Beddings.

Equating Eqs. B-6 and B-1%, obtaiu

1.431 Ry r  rRe
.t2 = t2 (Xp K'txa)

or

. B 1.3 _ _
Lf_Re'b—xp"KtXa -.h.......--i,b.(2-5)




APPENDIX C — EVALUATION OF THE SETTLEMENT RATIO
FOR POSITIVE PROJECTING CONDUITS

The settlement ratio & is a parameter used in load formulas of positive
projecting conduits. Its value is required to determine the height of
the plane of equal settlement H.. The settlement ratio is defined as
the ratio of the difference of the additional settlement of the top of
the conduit and the additional settlement of the critical plane in the
exterior prism to the additional consolidation of the embankment mate-
rial below the critical plane.

polmregdmer o) g

Sm

where additional consolidation of the embankment material in the
exterior prism between the critical plane and the natu-

ral ground surface, It

=
I

8g = additional settlement of the natural ground surface below
the exterior prism due to the congolidation of the founda-
tion, ft

sm + 8g = additional settlement of the critical plane in the ex-
terior prism, ft
s, = additional deformation of tne conduit, ft

sy = additional settlement of the bottom of the conduit (i.e.,
the surface of the natural ground beneath the conduit)
due to the consolidation of the foundation, ft

8¢ + 8o = additional settlement of the top of the conduit, ft

The equation for determining the height of equal settlement Hg is

E;EKu(He/bc)

¥ 2Kp (He/be) = # 2Kudp +1 . . . . . (1-4)

The value of He can be determined from Eq. l-4 if the values for & and
the other wvariables are known.

The present method of estimating the value of & is based on a considera-
tion of test data taken from studies made on existing underground con-
duits. The values of & obtained by these tests showed wide variation
and could not be definitely correlated with the conditions under which
the conduits had been installed.® This lack in correlation appears to be
the result of the incorrect assumption that values of p have minor in-
fluences on the value of 8.

An snalytical derivation for the expression of 8 is presented. This ex~
pression for & is in terms of factors that are readily determined for
the particular site and conditions under -which the conduit is installed.

The existence of a lower plane of equal settlement can be proved by the
same procedure as Marston? used to prove the existence of an upper plane
of equal settlement.
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Assumptions

The following assumptions are made in the derivation:

&.

Vertical shearing planes exist adjacent to the cradle (or con-
duit if no cradle). The shearing plane is taken adjacent to
the cradle because the total load on the cradle is to be evalu-
ated. The additional load on the cradle is required to evalu-
ate the additional settlements in the interior prism below the
conduit.

Cohesion is negligible.

The magnitude of the shearing stresses is equal to the active
lateral pressure at the vertical shearing planes multiplied by

. the tangent of the angle of internal friction of the embank-

ment material.

The weight of the embankment material above the top of the con-
duit produces a uniform vertical pressure over the entire width
of the interior prism,.

The load on any horizontal differential element in the interior
prism below the bottom of the conduit is a wniform vertical
pressure over the entire width of the interior prism.

The shear at the sides of the interior prism is distributed as
uniform vertical pressure (by virtue of internsl friction in
the embankment or foundation materials) over the entire width
of the interior prism.

The shear at the sides of the exterior prism is distributed as
uniform vertical pressures throughout the embankment and foun-
dation in the infinitely wide exterior prism and its effect on
the consolidation in the exterior prism may be neglected.

The embankment and foundation materials have constant moduli of
consolidation. -

The weight of the conduit and cradle are neglected.

One mathematical approximation is made in the derivation for
Case ¢ and two mathematical approximations are made for Case d.

Symbols

The following additional symbols are used in the derivation:

b

i

bottom width of cradle, ft. When no cradle is used,
b = b, = outside width of conduit, ft

distance between the top of the' conduit and the upper plane
of equal settlement when the interior prism has a width b

it



P'

P"

¥oc

ayg

fl
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vertical pressure on a horizontal plane within the interior
prism when the embankment height is equal to or less than
the height of equal settlement, lbs/ft length of conduit

additional vertical pressure on & horizontal plane within the
interior prism due to the weight of the material above the
plane of equal settlement, lbs/ft length of conduit

modulus of consolidation of the embankment material, tons/ft2
modulus of consolidation of the foundation material, tons/f%2
angle of internal friction of the foundation material

tangent of the angle of internal friction ¢y for the foundation
material

ratio at a point of active lateral pressure to vertical pres-
sure on the foundation material

unit weight of foundation material, lbs/ft®

distance between the bottom of the cradle and the lower plane
of equal settlement, ft. When no cradle is used, it is the
distance between the bottom of the conduit and the lower
plane of egual settlement.

distance between the bottom of the cradle and the nonyielding
foundation material, ft. When no cradle is used, it is the
distance between the bottom of the conduit and the nonyield-
ing foundation material.

vertical distance between the natural ground line in the ex-

terior prism and the bottom of the cradle (or the bottom of
the conduit if no cradle is used), ft

K
b

Kepp
b

Cases

The four cases represented by the drawings shown on ES-115, page 3-47
will be considered separately.

Case a.

Value of & for conduits resting on rock foundation

When the conduit and embankment are on nonylelding foundation, the values
of Sgr Sc» and sy are zero. Thus by Eq.1-3

R O (s
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Case b. Value of & for conduits resting on rigid support with com=-
pressible adjacent foundation and embankment materials.

When the conduit is on nonyielding foundation, the values of sy and s,
are Zero.

s_{m*eg) . g
Sm Sm

The additional consolidation s, of the adjacent material between the top
of the conduit and the natural ground is that consolidation due to the
additional load. The additional load is the weight of the embankment
between H = H, and H = H,. (See assumption g.)

r(H, — He
= _ﬁ__ii_ﬁgl o - (2]

Similarily, the additional consolidation s_, of the material between the
natural ground and the bottom of the cradlf is (see assumption g)

7e(H, — Ha)
sg:f—sﬁ}'ﬁﬂ—e—"%c......---....(C“E)

On substituting these values of sy and Sgs obtain

7
a:1+[{-§]‘ﬂ%’...............(c-u)

Case c¢. Determination of the settlement ratio & when the foundation
material below the top of the conduit is homogeneous material of suffi-

cient depth.
By Egq. 1-3 when s, = 0, the value of & for rigid conduits is

_ Sp t+ 8g ~ S¢

B
Sm

R (1)

But by definition the upper plane of equal settlement is the lowest
horizontal plane at which the additional settlement at the plane for
the top of the interior prism is equal to the settlement at the plane
for the exterior prism, i.e.,

BP+M =8g+thet 8 000 (C6)
The evaluation of sy, Sgs Sm> M and Ay is made later.

Lower plane of equal settlement. In the derivation of & for this case,
a lower plane of equal settlement is recognized. At this plane the in-
tensities of pressure of the interior prism are equal to those of the
exterior prism. Furthermore, the additional consolidation of every por-
tion of each horizontal plane below this plane of equal settlement are
equal. When loads are transferred into the upper interior prism, loads
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are transferred out of the lower interior prism. Thus, shearing forces
of the upper interior prism are oppositely directed from those of the
lower interior prism. The additional consolidation in the interior
prism is equal to the additional consolidation in the exterior prism
between the upper and lower planes of equal settlement when a rigid con-
duit is installed., Hence,

M AN ZAhetSp AN - v e e e e e (CFT)

The evaluation of A involves the summation of the additional consolida-
tions resulting from the variable additional pressures of each hori-
zontal differential element. These pressures are evaluated next. The
top sign in all of the following expressions pertains to the projection
condition and the bottom sign pertains to the ditch condition.

Expressions for Pg and P;. Equating the vertical forces on the differ-
ential element AH (see Fig. C-1) for the interval (H, — He) < H < H..

daP -
TR =0 o. . (c-8)

where P="P' +p"

For the interval (H, + pbe + ¥b,) < H < (Hg + pbe + ¥b. + Hy)

%ta.fP=7fb.................(0—9)

On observing the existence of the plane of equal settlement and since
Eq. C-8 is a linear homogeneous differential equation, it may be written
in two components.

1

%— ; aP' = 7b . * =2 = = @ LI N - @ L] . (0_881)
"

'g% q'- &P" = O - - - . . » - . - . . - - - - - (C”Bb)

and similarly Eqg. C-9 is written

app »
aE FePr =Y oo (C-9a)
@L w
dH : a:f‘Pl = 0 P T R 2 T T ) (C-9b)

The general solution of Eg. C-8b is

4] *al
P = C€ . i i it e e e e e e e e e . (C102)

wvhere ¢ is an arbitrary constant.
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When H = H, — HL, P" = 7b(H, — HE), the value of ¢ is
e _ _ ,
c=7b(Hc-Hé)e”H° e (c-10b)
At the top of the conduit H = H, and P" = P,.

Pl = 7b(H, —B) e™ . ... ... .. ... (c11)

where P. = additional vertical pressure on a horizontal plane at the
top of the conduit
The general solution of Eq. C-9b is

¥acll
P'l' = c e - - L) - L] - - - - L] L] L] - -

L) (C-lea)
where ¢ is an arbitrary constant.
When H = He + pbe + ¥b,, then Py = Pg, the value of c is

*[aﬁé + ag(He + pbe + h'c)]

c=7(H. ~H)e . . (C-12v)

At the lower plane of equal settlement H = He + pbe + ¥bo + Hy and
P" = P,.
L

+(aB! — apH, )

Py = 7:b(H, — HE) e e e (c-13)

where Pz = additional vertical pressure on a horizontal plane at the
lower plane of equal settlement

Expressions for Ae, A\i» Xé, and x{. The differential equation express-
ing the additional consolidation in the interior prism A is

PH

i =%E

Substituting the value of P" previously determined (see Eqs. C-8a and
¢-8b) _

ta.[H - (He = Hé)]

an =L (5, - E)e an

The general solution is

fa(H, — H3) e
)\.i:%(HC-Hé)e B [;];_-(e“”J,c]..(c-lha)

where ¢ is an arbitrary constant.
When H = H, — H, then )\y = 0, and the value of c is

e = g ol mH)

c e e e e e e e e e e e s« . (C-1kp)
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The total additional consolidation in the interior prism A; between
H=H, — H, and H = H, is

7(H, - Hé) £aH)
= ——e =" (o

AL = T =1) e e e s e e e ... (C-15)

The additional consolidation in the exterior prism Ag for the interval
(Ho — H) <H<H, is

H_l
xe=ﬁ%ﬂ3)-né e e e e e e e e e e . (C-16)

The differential equation expressing the additional consolidation in the
lower interior prism )\.]'_ is :

)

1
d}\.iZ.B'EEdH

Substituting the value of P; previously determined, Egs. C-9a and C-9b,
the general solution is

7f(HC_H¢’3) :t[ ' ¥a
r _ ivC e/ B.He+a.f(Hc+pbc+7l"bc)] 1 £H _
A o= o e xaf(e +e). .. . (C-17a)
where ¢ is an arbitrary constant.

When H = H, + pb, + ¥b,, then A] = 0, and the value of ¢ is

tag(Hy + pbe + Thy)
C = ‘_eaf +.pc . - . & w . a4 N - s = (C—lTb)

The total additional consolidation in the lower interior prism }\,j'_ between
H=H, + pbs + ¥b, and H = H, + pb, + ¥b, + Hy is

A\ = 7f(HC - HG':)

*aH] _ . FagH _
i == ia,fEf e (l e ) - . - - - - (C 18)

The additional consolidation A& in the lower exterior prism is

Ye(He — He)
xg:i—if(ﬁl+%c)..........(c-19)

The additional settlement s, of the material adjacent to the conduit is

7(H. — HL) ‘
sm=—E—-—~pbc..............(0-2)

The expression for Hé The expression for Hé is obtained by substituting
the evaluations of A; and A\, previously determined, Egs. C-15 and c-16,
into Bq. C=6.

H. — H safl 7(He — He)
Sf+z-(—%a-E—-lzei-)-(eaﬂe-—l)=sg+sm+u CEHeHe
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Rearranging and using Eq. 1-3, Osy = sy + Sg ~ B

7(He ~ He) 7(He — Be) am 7(He — Be)
5—(_E“'H‘?"°bc=_“‘ii;f£(.e“ﬂe—l)*_cg__ﬂé

which reduces to

. taﬂé

e - 1 = adpb, * aHa

or

1
e™ taH!l =#afpbo +1 . . . . . . .. .. . (C-20)

This relation evaluates the position of the plane of equal gettlement
for the conduit and credle. This relation differs from Egq. 1-4 which
evaluates the plane of equal settlement for the conduit.

Expression for H,. By definition the location of the lower plane of
equal settlement is determined by observing that the additional wvertical
pressure at the lower plane of equal settlement i1s equal to the addi-
tional vertical pressure at the upper plane of equal settlement.

+(al), ~ apHy)
7(H. — Be)b = 7¢b(He — B) €
Rewriting
T _ ot(aBL - agh,)
7,f.-e Y (o2
or
all ~ agH, = ¥ Log =
£
and
- N R Zz
Hl*af tafLogyf............(0—22)

If the approximation 7 = 7¢.is made, then

H£=%Hé..................(0-23)

Expression for evaluation of 6. Substituting the evaluations of s,
1

M Nes hi, and A\, as given by Egs. C-2, C-15, C-16, ¢-18, and C-19
into Eq. C-7, obtain

Y(He — H) | Lo Ye(H, — He) saHL el Ta
__:_a“E_—(eaHe“l)*_;;F e ~ g T
4

?'HQ—' ') 1 4 HC—. )
TR e s EE T e
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7(Hy — Hg) +aly 7p(He — He) _sam FagH,
TR (o BT R e g o,
Y(H. — HE 7+(H
i ) o e 4 f<(;3 He)( )
f

ES .
Multiplying by —H——_iﬁg and substituting Eqgs. C-20 and C-23, obtain on

rearranging

ay 1y , £ & aE + 1 - £
(6pbc+He)+Efaf [ia.ap.bctaﬁe+1 5

- e *als P S
= (He + pbe) f[afHe aflogyf+?1fb:]

On rearranging

5 = - . (c-2k4)
) [71‘ E} a
+ ‘-— — | ———
Yy Ep|ar

By approximating the last term to be negligible (i.e., gi = 1) obtain
T

[l
& = » L S ( 225)
L +[_f l}_lﬁu_

7 Ep|Kepp

Equation C-25 gives the expression for & when the foundation material is
homogeneous for a sufficiently great depth. .The depth Hep is sufficiently
great if

He = Hy

 or from Eq. C-23

_EE_
e 2 Kf“f

Case d. Determination of the settlement ratlo & when the foundation
material is shallow (He < Hy)

The additional settlements of the interior prism and exterior prisme for
Case d at H=H + (p + ¥)b, + Hy are equal. By the definition of the
plane of equal settlement, the additional consolidations in the interior
prism and exterior prisms between the plane of equal settlement and the
nonyielding foundation are equal.
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This results in the relation

M AN TN F N * 8

The evaluations of the terms sp, Ag, and A, are given by Egs. C-2, C-15,
and C-16. The evaluations of A} and A are obtained by substituting Hr
for Hy in Egs. C-18 and C-19. Making these substitutions, obtain

7f(Hc - He) e*aHé l} _etafnf:] N 7(HC - He) [émﬂé_ jl

:tafEf gl

Yo(Ho — 1 H, — 1
_ Te(He ~ Be) E; fe) (Hp + YD) +——-—7( = ) (He + pbe)

tg.pl
Multiplying by ——— - and substituting xa} for apH

7f(Hc - Hé)

! 1 ar B !
e "% [1 ~ e“”‘HeJ+ L -—f-—[e*“ﬂe-— il
7¢ & E

E
= #(2all + ag¥he) ¢ ar 3o g (B + obe)

Recognizing that e*‘“‘"ﬂ- 1 = +adpb, * aHé

7afEf +a(1 — x)H.
A e
n ' y B
= #(axty + agib,) * a':f‘y_f"E_ (He + pbe)
or

7 % Fr 1 [y memom ] -
[l + 728 E (80be) + {:ta e + (1 — x)HL
R A
T a %C+7f a E Pbe
Make the approximation

= [1 — e“(l_m‘!’] + (1 - x)He = (x — 1)80b,
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Obtain

or

b
-+

NI

e

=
+

SIF

2
—
T

e e e v .. (C-26)
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(evaluated) -+ « « « . . . . A-5, A-10, C-5 to
(symbols) . v v & v 4 v v 4 4 s e e e e e
Derivation of load formulas . o . 4 & v 4 & 4 4 « o a o o o « + o
of settlement ratio (8) . v v v ¢ ¢ 4 o o & o o o o o -
Design requirements (see classification) . . . . . « « « « « « .
Diameter of pipe (outside), (be) . « + + « o o o . 3-41, 367 to
Ditch condition . . . s e s e e e e s e s s e e e e e e .
Diteh conduits (see claseifleatlon) P =8
charts for 10ads O « v & + + o « +« & s s s & s o s o o«
load coefficient (Cg) « + « v v = v v o o v o o o . 1-2,
load equations . . + ¢ ¢ ¢ v v e 0 e e e e e 1-2
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d

Ditch conduits with compacted backfill (see
Ditch cradles and beddings . . o « ¢« « o« « « + « &

load factors for . . « ¢ « « ¢ ¢ o o s o
Ditch, width of, (bg) + + + « v ¢« o v ¢ v o o o « &
Elastic theory of & thin ring . « « « « « o « « o .
Equal settlement, height of, (He), (defined) . . .

(derivation of) + v v v & ¢ ¢ ¢ « o & a4 .

(equations FOr) v v v v i e e e e e e e e
Equal settlement, plane of, (lower) . . . . . . ..
(upper), (defined) . . ¢« v & & & o + o .
(upper), (proof of) . v v v v & o o + « o .
Equated load and safe supporting stirength formulas
Examples . . ¢« & ¢ v v v v 4 e e e s e e = 0w e s
Exponential functions . . . . « .+ ¢« ¢« + ¢ o o o4
Exterior prism (deflned) T T T .
Factor, load, e e e e e e e e e e
safety, f ) . e e e e e e e e e e
strength, prov1ded (Fsp) e e e e e 3—2,
strength, required, (Fgy) « o« « « ¢ « « . .
Fiber stress, maximum in pipe « . « « «+ ¢ « « . .
Flexible conduits, loads on . . . + « « ¢ o « & & &
Fluid pressure, internal . . e e e e e
Friction, angle of internal, (¢) e e e e e e
relation of ¢, u, and K . . . . « . + o .
Functions,. exponential e e e e e e e e e e e
Greek Alphabet . . . . « ¢ ¢ ¢ ¢ ¢« 4 v 4 4 o o o
Height of equal settlement (defined) . . . . . . .
(derivation of) v v v 4 & v v o o « o « & .
(equations £Or) v v v o ¢ v & o o 4 v o « .
Hydrostatic loads . . . v v 4 & v v & o o « v o +

Imperfect ditch conduit (see classification)
Incomplete condition (see classification) . . . . .
Tndex, compression, (Co) - - « « v & v v v v v o
Interior prism (deflned)
Internal fluid pressure . . +« «v v ¢ + « « « « « &+
Internal friction, angle of, (¢) . . . . . . ...
relation of ¢, p, and X . . . . . .
Lateral pressure, active . . . . . . ¢ . ¢+« .+ . .
Load and safe supporting strength formulas equated
Load coefficient, for ditch conduits, (Cg) . . . .
for negative projecting conduits, (Cp) . .
for positive projecting conduits, (Cp)
Load determinations, assumption for . . . . . . . .
Load, factor, (Lg)
for ditch cradles and beddlngs e v e e
Load, hydrostatiec . . . . . . ¢« v ¢« v « v o « .

CO TR ) LI} « a . s 0w - . .

Load on underground conduits . . . . ¢« + & + « . .
on ditch conduits . . . . .« « 4 4o . ...
computation charts . . . . . . . .

equations , . . . . . e e e e
on negative projecting condults e v e e e .
equations . . . ¢ 4 4 6 e s e .o

on positive projecting conduits . . . . . .
computation charts . . . . . + . .
equations . . . .+ 4 . 4 4 4 4 4

classification) . . .

213, 2-8,

. 3-85 to
B T

. 2-1, B-1,
2-5,

3 5, 5 -67 to
. . 3-2,
. . B-6,
. I T
. 1-12,
. 3-85 to
- » A_5’
. 1-9, A-6,
. 1-12,
.. 1-8,
S et T
. . 112,

. 1-2,

1 9: A-YJ
... A,
. 2-1, B-1,
. - . 2_5’
.. 112,
.. 1-2,

. . 1-2,
. o 1-k,

. .o 363,
<1 9; A"'_()
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Load pattern . + & v ¢ ¢ 4 &« o ¢ & & & 4 & . W
Loads, surface . . . ¢« o o « & o & o o & = o =
Lower plane of equal settlement . . . . . . « . .
Maximum fiber stress in pipe . . « + « . . .
Modulus of consolidation ., . . . . . .+ - .« « .
Natural ground (defined) . . . . S
Negative projecting conduits (see classification)
load coefficient, (Cp) . . . . . .
Neutral condition . + « 4 &« ¢ v & ¢ o ¢ & & & » &
Nomenclature . . . . s s s e s e e s e e
Qutside diameter of pipe (b ) e e e

Pattern, load . . . . . . . . e e e e e s

Pipe, determination of required (procedure) .
outside diameter of, (be) . . « .« .« . .
provided strength factor of, (Fsp) .o
safe supporting strength of, (equations)

strength of . . . « ¢« ¢« ¢« ¢« ¢ « & + « &
Plane, critical . . . e e e e e e e e e e
of equal settlement (Lower) . . . .
(upper) . c e s e e e
(upper), (proor Ol) e e e e e
Positive projecting conduits (see classification)
load charts . . « « « « « v v & & o « »
load coefficient, (CP) e e e e e
load equations . + . « « ¢ 4 o e . .
Pressure, active lateral . . . . . . . - . . .
internal fluid . . . . . « ¢ « « o .
Prism, exterior . . . . « + « « o « + 4 .
interior . . 4+ &« @ v 4 0 e e 4 e 4 e 0
Problems . . . . . e e v e e e e s e s

Procedure, determination ‘of load “ s e e e e .

determination of safe supporting strength

‘determination of allowable fill, (Hea) - -

determination of bedding or cradle . .
determination of pipe . . .
determination of settlement ratio, (6) .
Projecting cradles and beddings . . . . . .
Projection condition (see cla351f1cation) e
Projection ratio (p), (defined) . e e e e e
. value of . « e e e e e e e
Provided strength factor (FS ) e
Ratio, projection, (p), (defined) . . . .

settlement, (8), (see settlement ratio)
Relative height of embankment (see classification)

Relative settlement (see classification) . .
Required data from site dimension . . . . . . .
from soil tests and other e e e e e e e e
Required strength factor (F . e e .
Safe supporting strength (Rdg . e s
Safe supporting strength and lOad equated e e e
Safety factor (s) . . -« « v v « « v v« 4 4 e . .
Sample problems . . . + « v 4 6 4 4 s e e s o« s o
Settlement . . e e e e n e e e s
additional (defined) e e e e e e .

(evaluated) . . . . . . . . A-D5, A-10, C-5 to

.

-

. 3-b1, 3-67 to
... 2=hy
. 3-&1; 5-67'té
L] - 3"67 to
2-1, 5 67 to
. 1-L4,
. . °1lu;

' : °1lu;
. . . 363,
. 1-9, A-T,
1 9: A'7:

L LL1-12,
. 1-k,

SR )
1-13, 2-8,
2:3, é-%h té
AT
, 3.3, 3-67 to
B
Y
. . .2:5;

.l'.']-é; 2'8.7
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f

Settlement ratio (8), (defined) .
(derived) . .
determlnatlon of (procedure)
assumptions . . . . . . .
CASEE & 4 & = & = & o & & @

Shearing stresses .

Site conditions (see 013551f1cat10n)

Site dimensions, required data from

Soil tests, required data from

Strength factor, provided, (Fgp) .
required, (Fgpr) « « « o «

Strength of pipe . . . . . e e

Supporting strength of plpe c e e e

Surface loads . .

- Theory, elastic theory of thin rlng

Three-edge bearing strength (Rep)

Unit weight (7) .

Width, bottom width of cradles, (b)

Width of ditch (bg) . . . . . « . .

3-2, 3-3,
2-1,
. 2-1,

1-7, A-10
R o |
.« « . . 345

.. . C-2
3“477 0“3

e v . o« A-1
. 1-2
e Iy |

. . . 3-hp
3-67 to 3-T1
. 3-2, 3-3
3-67 to 3-T1
. 2-1, B-l
. . . . 110
. . . B2
3-67 to 3-71
. e . . 3-k2
. . 3-h1
1-10, 3-41
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