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The Marstaon’s formuia for this installation condition is again given by
W= C, w8’ (8.5)

The values of C_in this case also may be obtained from Fig.6.5 for negative projecting conduits
taking B, = B, on the assumption that the trench fil is no wider than the pipe.

6.3.2.2 Trener CONDITION

Generally sewers are laid in ditches or trenches by excavation in natural or undisturbed soil and
then covered by refilling the trench to the original ground level.

a) Load Producing Forces

The vertical dead load to which a conduit is subjected under trench conditions is the resuftant
of two major forces. The first component is the weight of the prism of soil within the trench and above
the top of the pipe and the second is due to the friction or shearing forces generated between the prism
of soil in the trench and the sides of the trench produced by settlement of backfil. The resultant load
on the horizontal plane at the top of the pipe within the trench is equal 1o the weight of the backfill
minus these upward shearing forces as shown in Fig.6.8.

b} Computation of Loads
The load on rigid conduits in trench condition is given by the Marston's formula in the form
.= Cow B 16.6)
W_ = the load on the pipe in kg per inear mebte
w = the unit weight of backfilt soil in kg/m®
the width af trench at the top of the plpe vy m and

O = the load coefficient which is a function of a ratio of height of fill to width of trench (HE,)
and of the friction coefficient between the backlill and the sides of the trench.

Weights of common filling materials {(w) and values of C, for common soil conditions
encountered are given in Tables 6.2 and 6.3 respectively.

TABLE 6.2
WEIGHTS OF COMMON FILLING MATERIAL

Materials Weight {Kg/m”)
Dry Sand 1 600
Crdinary (Damp Sand) 1 840
Wet Sand 1920
Damp Clay 1 920
Saturated Clay 2080
Saturated Top Soil 1840

Sand and Damp Soil 1 600
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Equation (6.6) gives the total vertical load due to hackfift in the horizontal ptane at the top of
the conduil as shown in Figure 6.8 if the pipe is nigid.  For flexible conduits, the formula may be

modifietd as

<<,” = Oc w m mw‘m Amﬁv

Where B_is the outside width of the conduit
c) Influence of Width of Trench

It has been experimentally seen that when the width of trench excavated is not more than twice
the external width of the conduit, the assumption made in the trench condition of loading holds good.
if the width of the trench goes beyond three times the oulside dimension of the conduil, it s necessary
to apply the embankment conditon of loading. in the wransition width from B = 28, to B, = 3B,
computation of load by both the procedures wifl give the same resulls.

TABLE 6.3
VALUES OF C,, FOR CALCULATING LOADS ON PIPES IN TRENCHES (W, = C,, wWB“d)

<,

Habo |

Garat

2B
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W, = load on pipe in kg per linear metre

C, = Coefficient

w = Weight of trench filling material in kg/m”®

B, = Width of rench a fittle below the top of the pipe in metres.

) Ratio of height of filt abave top of pipe to width of trench a little below the top of the pipe.
These values give the loads generally imposed by granular filling materiais betore tamping or
settling.

Use these values as safe for all ordinary cases of sand filling.

Thoroughly wet, Use these values as safe for ali ordinary cases of clay filling.

Completely saturated. Use these values only for extremely unfaveurable conditions.

In case of excavations with sloping sides (possible in undeveloped areas), the provision of a
sub-trench (Fig.6.9) minimises the load on the pipe by reducing the vaiue of B,

£.3.2.3 TunneL CONDITION

When the conduit is laid more than 9 10 12 meters deep or when the surface obstructions are
such that it is difficult to construct the pipsline by the conventional procedure of excavation and
backfilling, it may be maore economical to place the conduit by means of tunnelling.  The general
method in this case is to excavate the tunnel, to support the earth by suitable means and then to lay
the conduit, The space between the conduit and the tunnel is finafly filled up with compacted earth or
concrete grout as indicated in Fig 6,10, i the length of tunnset is short say £ - 10 meters the entire
chrcular section can be constructed as one unil. For longer tunnels construction may be in segments
with refilling proceeding simultanecusly,

aj Load Producing Forces

The vertical load acting on the tunnel supports and eventually the pipe in the tunnel is the
resultant of two major forces viz. the waight of the overhead prism of soil within the width of the tunne!
excavation and the shearing forces generated between the interior prisms and the adjacent material
due to friction and cohesion of the soil.

b} Load Computations
Marston's formula to be used in this case of installation of conduit 1s given by
W, = G, B, iwB - 2C) 6.8)

Where
W, = load on the pipe or tunnet support in Kg/m

wo= o unit weight of seil above the winnel in kg/m®

B = maximum widih of the tunnel excavation inm

C = coefficient of cohesion n kg/m® and

C, = load coefficient wlnch is a funclion of the ratio (F/B) of the distance from the ground
surface to the top of the tunnel to the maximum width of tunnel excavation and of the
coeflicient of internatl friction of the material of the tunnel.

When the coefficient of cohesion is zero, the formula reduces 1o the same form as in trench
condiion Eq.(6.6).

Value of C, for various values of H/B, and different soif conditions arg to be obtained from
Fig.6.11,
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Recommended values of coefficient of cohesion for different types of soils are given in
Table 6.4

TABLE 6.4
COHESION COEFFICIENTS FOR DIFFERENT SOILS

Type of Soil Kg/m”
Soft Clay 200
Medium Clay 1206
Hard Clay 4700
Loose Dry Sand 0
Sitty Sand 500
Dense Sand 1400
Saturated top soil 500

6.3.2.4 EFFECT OF SUBMERBGENCE

Sewers may be laid in trenches or under embankment in areas which may be temporarily or
permanently submerged in water. The fill load in such cases will be reduced and will-correspond 1o
the buoyant weight of the fill material. However, effect of submergence could be ignored which
provides an additional factor of safety, but it may be necessary to check whather a pipe is subject to
flotation.  Under submergence, the minimum height of the fill material that will be required to prevent
flotation ignoring the frictional forces in the fill can be determined from the equation.

H.. B, (w.-w._ )+ W_= (7/8) B.%w, 6.9)

Where

X
g

mindimum height of fill material in m

[ialie)

Z
]

the saturated density of the soil in kg/m®

z
i

the density of water in kg/m’

=

the unit weight of the empty pipe in kgfinear meter and

B. = the outside width of the conduit in m.

4

Wherever sufficient height of fill material is not available, anti-flotation blocks should be
provided. (As shown in Example IX in Appendix 6.2},

6.4 LOAD ON CONDUIT BUE TO SUPER IMPOSED LOADS
The types of superimposed loads which are generally encountered in buried conduits may be

categorised as (a) concentrated load and (b) distributed load. These are explaned diagramatically n
Fig.6.12.
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FIGS.IZR:DISTRIBUTED SUPERIMPOSED LOAD
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6.4.1 Concentrated Load

The formula for load due to suparimposed concentrated load such as a truck wheol Fi1.6.1

2}
is given in the following form by Holl's integration of Boussinesy's formula

s

W, = C, {PF/L) (5.10)
Where
W, = the load on the conduit in kg/m
P = the concentrated load in kg acting on the swface
Fo=  the impact factor (1.0 for air fisld runways, 1.5 for highway traffic and air field
taxi ways, 1.75 for raitway traffic) and
C, = the lead coeflicient which s a function of
B, L
and e
2 #H
Where
H = the height of the top of the conduit to ground surface in m
B, = the outside width of conduil in m, and
L = the effective length of the conduit to which the load is fransmilted in m.

Values of ¢, for various values of (B_/ 2H) and (L / 2H) are oblained from Table 6.5

The effective length of the conduit is defined as the length over which the average load due
to surface traffic units produces the same stress in the conduit wall as does the actual load which varies
inintensity from point to point. This is generally taken as 1m ar the actual tlength of the conduit if it is
iess than 1m,

6.4.2 Distributed Load

For the case of distributed superimposed loads, the formula for foad on conduit is given by

W= C,pFg (6.11)

Whaere

W, = the load on the conduit in kg/m

p = the intensity of the distributed load in kg/m®

F = the impact factor

B, = The width of the conduit in m

C. = The load coefficient, a function of D/2H and L/2H from Table 6.5

H = The height of the top of conduit to the ground surface in m and

D and L are width and length in m respectively of the area aver which the distributed load acts,
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For class AA IRC foading, in the critical case of wheel load of 825 tonnes, the intensity of
distributed load with wheel area 300mm x 150mm is given by

P 625 in T/m
03 x 015

6.4.3 Conduits Under Railway Track

The load on conduits under railway track is given by

W= 4C, UB, 6.12)
Where

U is the uniformiy distibuted load in tonnes/m? from the surtace directly over the conduit and
equal to

U = PF:2WB = PF  + W, {6.13)
A8 aAB 2A
Where
Pow axie load in tonnes (22.5 tonnes for Broad guage)
F o= impact factor for railroad = 1.75
28 = length of the sleeper in m (2.7m for Broad guage)
B = distance between the two axles {1.84m for broad gauge)
W, = welght of the track structure in tonnes/m (0.3 tonnes/m for broad gauge)
C. = load coefficient which depends on the height of the top of sleeper from the top of the

conduit and

B = width of the conduit in m.

For broad guage track the formula will reduce to:
W 3214 C B, {6.14)
6.5 SUPPORTING STRENGTH OF RIGID CONDUT

The ability of a conduit to resist safely the caloulated earth load depends nat only on ils
inherent strength but also on the distribution of the vertical load and bedding reaction and on the lateral
pressure acting against the sides of the conduit. The inherent strength of a rigid condudt s usually
expressed in terms of the three edge bearing test results, the conditions of which are, however,
different from the field load conditions. The magnitude of the supporting strength of a pipe as nstalied
in the field is dependent upon the distribution of the vertical load and the reaction against the bottom
of the pipe. I also depends o the magnitude and distribution of the lateral pressure acling on the
sides of the pipe.
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6.5.1 Laboratory Test Strength

All nigid pipes may be tested for slrength in the Laboratory by the three edge bearing test
{ultimate Ioad), Methads of test and minimum strength for concrete (unreinforced and reinforced)
stoneware and AC pipes and other delails are given in Appendix 6.1

6.5.2 Field Supporting Strength

The field supporting strength of a rigid conduit is the maximum load per unit length which the
pipe will support while retaining complete serviceability when installed under specified conditions of
hedding and backfiling., The field supporting strength, however does not include any factor of safety.
The ratio of the strength of a pipe under any stated condition of loading and bedding to its strength
measured by the three edge bearing lest is called the load factor,

The load factor does not contain a factor of safety, Load factors have been determined
experimentally and analytically for the commaonly used construction condition for both trench and
embankment corgduits,

6.5.3  SBupporting Strength in Trench Conditions
£.5.3.1 Classes oF BELDING

Fouw classes, AB.C and D of bedding used most often for pipes m trenches are Hlustrated in
figure 613 Class A bedding may be either concrete cradle or concrete arch. Class B 1s a bedding
having & shaped bottom or compacted granular bedding with a carefully compacied backfill, Class C
is an ordinary bedding having a shaped boftom or compacted granuiar bedding but with a tightly
compacted backfil,  Class D s one with flat botform ench with no care being taken to secure
compastion of backfill ai the sides and immediately over the pipe and hence is not recommended. Class
B oor O badding with a compacted granular bedding s generally recommended. Shaped bottom is
impracticable and costly and hence s nofre anded. The pipe bedding materials must remain fum
and not permit displacement of pipes,

The material has to be uniformly graded or wellgraded. Uniformiy graded materials include pea
gravel or one size materials with a low percentage of over and undersized particles, Well graded
materials containing several sizes of particles in stated proportions, ranging from a maximum {0 a
mHMmUM siZe.coarse sand, pea gravel, cushed gravel, crushed screenings, can be used for pipe
bedding, Fine materials or screenings arg not satisiaclory for stabilising french bottoms and are difficult
to compact in a uniterm manner o provide proper pipe bedding.

Well graded matenal is most eflective for stabilizing trench bottom and has a lesser tendency
to How than uniformily graded matenats. However, unitormly graded material 1 easier to place and

compact abo wWer pIpes,
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£.5.3.2 LoaD FACTOARS
The load tactors for the different classes of Bedding are given in Table 6.6.

TABLE 6.6
LOAD FACTORS FOR DIFFERENT CLASSES OF BEDDING

Class of Condition Load Factor

Bedding

A a Concrete cradle-ptain concrete and lightly tamped backhll 2.2

A I Concrete cradie-plain concrete with carefully tampled backfil 2.8

A c Concrete cradle - RCC with P-0.4% upto 3.4

A d Arch type-plain concrete 2.8
RCC with P-0.4% upto 3.4
RCC with P-1.0% upto 4.8

(P is the ratio of the area of steel 1o the area of concrete at the
Crowt

B Shaped bottom or compacted granular bedding with carefully 1.9
compacted backliy

C Shaped botlom or compacted granular bedding with lightiy 1.5
compacted backill

D Flat bottom trench 1.1

The granular material used must stabilize the trench Bottom in additien 1o providing a finm and
unitorm suppost for the pipe. Well graded crushed rock or gravel with the maximum size Nnot exce ding
25mm is recommendead for the purpose.

Where rock or other unyielding foundation material is encountered, bedding may e according
to one of the Classes AB or C but with the following additional requirements.

Class A: The hard unyielding material should be excavated down to the bottom of the
concrels cradie.

Class B or C: The hard unyielding material should be excavated below the bottom of the pipe
and pipe tell to a depth of atleast 15cm.

The width of the excavation should be atteast 1.25 times the outside dia of the pipe and #
should be refilled with granular material,

Total encasement of non-reinforced ngid pipe n concrete may be necessary where the required
sate supporting strength cannot be obtained by other bedding methods. The load factor for concrete
encasement varies with the thickness of concrete. The effect of M-200 concrete encasement of various
thicknesses on supporting strength of pipe under rench conditions is given in Fig. 6.14.

6.5.4 Supporting Strength in Embankment Conditions

The soil pressure against the sides of a pipe placed in an embankment may he significant
resisting the vertical load on the structurse,
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6.5.4.1 CLASSES OF BEDDING

The beddings which are generally adopted for projecting conduits laid under the embankment
conditions of installation are fllustrated in Figure 6.15. The ciassification of the beddings are as undear:

CLASS A in this case the conduit is laid on a mat of concrete.

CLASS B: The conduit is laid on accurately shaped earth i fit the bottom of the pipe and the
sides are filled with thoroughly tamped earth.

CLASS C: In this type of bedding the conduit is laid on accuratety shaped earth 1o fit the botiom
surface of the conduit. For rock foundations the conduit is taid on a layer of granuiar
cushion and the sides of the conduit are filled up.

CLASS Dn The conduit is laid on earth not shaped to fit the bottom of the conduit. In case of
rocky soil the condut is laid on a shallow granular cushion.

6.5.4.2 LOAD PACTORS
The load factor for rigid pipes instaiied as projecting conduits under embankments or in wide

trenches is dependent on the type of bedding. the magnitude of the sctive lateral soil pressure and on
the area of the pipe over which the active laleral pressure acts.

The load factor for projecting circular conduits may be caiculated by the formula

L, = 1.431 (6.15)
Nzg

Where
L, = the luad factor
N = aparameter dependent on the type of bedding

z = a parameter dependent upon the area over which the lateral pressure acls effectively
andd

q = the ratio of total lateral pressure to total vertical load on pipe.
a} Positive Projecting Conduits
The ratio g for positive projecting conduits may be estimated by the formula

q = {mk/C)[{HBY + (M2} ] (616}
Where

k = the 'Rankine's ratio which may be taken as 0.33. The value of N for different types of
beddings tor circular pipes are given in Table 6.7.




