


Load on Asbestos-Cement Pipes
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Fig.1 Bedding Conditions illustrated

COMBINED.LOADING THEORY

When ashestos-cement pipe is tested under
various corrbinativns of intemal pressure and
oxters, « load vv the 3-edge bearing, a relation-
ship between these loads exists at the point of
fractare. This relationship can be represented
by a parabolic curve as shown m Fig. 2. The
cquation of the curve in Fig. 2 may be expressed
as

w = W (1)

=
I

external load per unit length in the
3-edge bearing that will crash the
pipe when no internal pressure
exists (N/m)

P = intensity of internal pressure that
will burst the pipe when no ex-
ternal load exists (N/m? )

p = intensity of intemal pressure in
combination with some extemnal
load, w, applied in 3-edge bearing
that will fracture the pipe (N/m?)

@ = cxternal load in 3-edge becaring
which, in comhination with some
internal pressure p, will fracture the
pipe (N/m)

THE THREE-EDGE BEARING TE3Y

The three-edge bearing test (Fig, 3) is a
method of testing the crishing strengih of a
conduit. Because the supporting strenglh of a
conduit in a trench is affected by the bedding
conditions and the lateral pressure acting against
the sides of the conduit, it is necessary to apply
a load factor to the three-edge bearing loads to
simulate field loading conditions. This relation-
ship can be expressed as

Pp = LF. Py (2)
where
Pp = external load
PT = three-edge bearing load
L.¥. = Load Factor

Table 2 shows load factors values to be used
for the bedding conditions shown in Tahle 1.
In Fig. 3 the value of C, the clear space between
wooden supports is 13mm for ¢ < 300mm
25mm for ¢ between 350-600mm; and 50mm
forg = 750mm,
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Fig. 2. Load-Pressure Cruve
Table 2. Relationship Between Pipe Size,
Load Factor and Class of Bedding
Pipe Size Load Class of
{mm) Factor Bedding
100 — 300 1.7
350 — 500 1.8 A
600 — 900 2.0
100 — 900 1.5 B
100 — 300 1.3 C
350 — 500 1.4
600 — 900 1.5 D
100 — 900 1.1

HYDROSTATIC PRESSURES

The internal hydrostatic pressures to be
considered in designing pipelines are normal
operating pressures which are dependent upon
the service condition and water hammer pressure
which arise as a result of sudden closure of a
valve resulting in immediate build of pressure
wave, called surge pressure. A factor of safety
of 4.0 is normally used to cater for the normal
internal hydrostatic pressure and water hammer
pressure, Allowance for water hammer pressure
is given by the equation
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Pipe sample

-13mm.R

Fig. 3. Crushing Test Assembly (3-edge bearing)

Ph(max) = ¥ Up Y (3)

where

maximum  bujld-up of water

Pp(max) ~
+ hammer pressure (N/m?)

=
I

velocity of water wave

=
1

velocity of water in conduit just
before pipe closure (m/sec)

The velocity of the pressure wave, vy, may
be expressed by the equation
E
w 1
vp = ¥ v (4)
fo 4
1 + EA * ¢
where
¢ = density of the water in the conduit
{Kg/m?}
E , = modulus of elasticity of asbestos-
cement pipe (N/m?)
d/t = ratio of intermal diameter to shell

thickness of pipe

In Ey. 4,E_, = 206 x 10° MN/m®> and
Eq =234 £ 10° MN/m’.



Load on Asbestos-Cement Pipes

EXTERNAL LOADS

External loads on eonduits in trenches or
those surrounded with earth are dead loads due
toy hackf{ill and superimposed loads due to static
or moving loads, Marston’s theory states that
the load on a buried conduit equals the weight
of the backfill matenal directly over the conduit
plus or minus the frictional or shearing forces
transferred to that prism by the adjacent prisms
of earth. The magnitude and direction of these
frictional forces are functions of the amount of
relative settlement occuring between the interior
and adjacent earth prisms.

After intensive experimentation, Marston
propounded the following set of approximate
equations for computation of extemal loads.

For pipes on, or projecting above ground in
cohesionless cover material

W = CyD? (5)

For flexible pipes in trenches and thoroughly
compacted side fills

W= (C,— C'yy BD (6)

For rigid pipes in trenches, with ordinary
bedding and B < 1.5D

W=(c, — C)yD? (7)

In the above equations W is the load of
cover wnaterial per unit length of pipe (N/m);
¥ is the unit weight of backfill (N/m*); B is
the trench width at the top of pipe (m); D is
the external diameter of the conduit {m}; C,
Co, C' are experimental coefficients. The

general form of Marston’s equation is,
W = (" ~B (8)

In Eq., 8 the units of the parameters are as
defined ahove. Any system of unit if applied
consistently could he used with the above
formulac. The coefficients C, C,, C, ¢ are
dependent upon the ratio of depth of f{ill to
width of conduit or treneh; the shearing forces
on the plane between the backfill and adjacent

eartn: for embankment condition, the amouni
of relative settlement between the backfill and
adjacent earth; the rigidity of the conduit
support under embankment loading.

Table 3. Selected values of C” for use in Eq. B

H/B gg-rnnd and Saturated Damp Saturated
p top .

50il top soil Clay Clay
1 .85 0.86 0.88 0.90
2 1.46 1.50 1.56 1.62
3 1.90 1.98 2.08 2.20
4 2.22 2.33 2.49 2.66
5 2.45 2.59 2.80 3.03
6 2.61 2.78 3.04 3.33
7 2.73 2.93 322 3.57
8 2,81 3.03 3.37 3.76

The values of these coefficients may be
determined from Fig. 4.

If a condition occurs where the width of the
trench, B is less than two or three times the
diameter of the conduit, D, then Marston’s
formula for trench condition could be used to
determine W.

W o= Cy7 B (9)

Cg which is a load coefficient may be deter-
mined from Fig. 5 for various values of H/B; .

When very heavy superimposed or impact
loads are encountered in the field, their
magnitude may be computed on the basis of
either a concentrated load such as wheel load or
on the basis of distributed load. Ordinarily axle
loads and accompanying impact loads are
neglected if the depth of cover is greater than
about 1.80m. Superimposed load produced by
heavy concentrated load (Fig. 6} could be
determined by the formula

C,PF
W = 10
8¢ L (
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where
W, = superimposed concentrated load Table 4. Impact faci:,or caused by moving
on the conduit {N/m) vehicles
P = concentrated load (N) Type of Traffic Impact Factor, F
= impact factor (Table 4) )
Highway 1.60
Cs = load coefficient dependent upon Railway 1.75
Bc/2H and L/2H (Tables 5 and 6) Airfields, taxiways, 1.25
aprons, ete,
B, = Extemal diameter or width of
conduit {m)
H = depth of back fill from crown
(top of conduit) to ground surface
(m)
L = effective length of conduit (m}
50
40 \ .
\\
NN
2.o_w\ \\ \
N \\\\
\o
_ %\
[+ |0 ‘P/C.?
= - AN
2z S
E ogl—. . o
)
=]
w 05
g 0.4
=
0.3
0.2
Fluid fili
0.1 - \
a] i 2 3 4 5 6 7 B 9 6] 1 12

Values of H/B

Fig. 4. Vertical Extemal Loads on Circular Conduits
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Table 5. Values of C; for concentrated and distributed superimposed loads
centered vertically over conduits

D/2H M/opr or Lioy

Bi;ZH 0.1 0.3 0.5 0.7 0.9 1.2 1.5

0.1 0.019 0.053 0.079 0.097 0.108 0.117 0.121

0.3 0.053 0.149 0.224 0.274 0.306 0.333 0.345

0.5 0.079 0,224 0.336 0.414 0.463 0.505 0.525

0.7 0.097 0.274 0.414 0.511 0.584 0.628 0.650

0.9 0.108 0.306 0.463 0.574 0.647 0.711 0.742

1.2 0.117 0.333 0.505 0.628 0.711 0.783 0.820

1.5 0.121 0.345 0.525 0.650 0.742 0.820 0.861

Table 6. Values of C, for concentrated superimposed loads centered vertically over
a few selected cricular conduits

Extemnal Dept of Cover (m)

Dia of

Pipe (mm) 0.7 0.90 1.20 1.50 1.80 2.40 3.00 3.60
150 0.106 0.078 0.046 0.031 0.023 0.013 0.008 0.006
200 0.137 0.102 0.051 0.011 0.029 0.017 0.010 0.008
250 0174 0.129 0.078 0.052 0.037 0.022 0.013 0.009
300 0.202 0.153 0.092 0.062 0.44 0.025 0.0186 0.011
400 0.259 0.197 0.136 0.081 0.057 0.034 0.021 0.015
500 0.316 0.241 0.150 0.102 0.073 0.042 0.027 0.019
900 0.470 0.375 0.248 0.171 0.124 0.073 0.049 0.035
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Table Tich Delermination of design external load (i) af plied in Lthrer-edge bearing

Talde 7{d}, Determination o! design exlemal load few) applied s threg-edge bearing

1 2 3 4
Pipe Extermal Equivalent Exlernal Load Applied in
Size Load 3-Edge Bearing 3-Edge Bearing
{rara ) o (N) ™
[Col. 2}/ L.F. (Col. 3% F.5 of 2.5)
CLASS C BEDDING 0.975m COVER
150 1321 1014 2535
260 2002 1539 35343
300 2265 1734 4335
500 2080 2130 5325
00 4341 2896 2740
CLASE C BEDDING }.50m COVER
150 2820 2171 5428
250 4601 3461 Bada
300 5222 4017 10042
500 TH12 5648 14122
00 11351 T566 18915
CLASS C REDDING 2.40m COVER
160 1630 3563 8908
240 T508 5758 14445
300 A785 GYRT 16893
503 12063 8617 21643
G400 17748 11432 29580
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