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.  ABSTRACT

‘o
M.Sc. - " GILLES FERNAND BOLDUC Agriculturdl -
. . AP Enginéering
‘} ’ ' THE CAPACITY OF CORRUGATED PLASTIC TUBING
o TO SUPPORT EARTH LOADS
" Deflections of corrugated plastic tubes installed at depths varylng

from 0.9 to 8.2 metres were megsured over ‘a period of four years.

Tubing varied from 80 mm to 300 mm'in diameter. K
The 80 mm and 100 mm tubes suffered excessive def‘lect]on for fill '

4

depths greatér than 3.5 metres. The 150 mm, 200 mm and 250 mm diameter

{" tubes carried the maximum depth of fi111 of.8.2 metres satlsfactori ly.

‘e

The 300 mm diameter tubes showed deflection of  20.2 -per cent for Fill

of 5.0 metres and 31.1 per cent for fill up to 8.2 metres.

P

Deflection was related to bedding condition, stiffness of ,tubing and

load on the conduit.




. remblai.de 8.2 m&tres.

A B maes et K re s AW 3 mmswmes § -

"BESUME . A

. M.Sec. GILLES” FERNAND BOLDUC | Génie Rurale
LA CAPACITE PORTANTE DES TUYAUX DE PLASTIQUE ONDULE

SONS UN REMBLAI

[
¢ i \

L'affaissement de tuyaux de plastique ondulés, installés sous un
remblai variant de 0,9 3 8.2 m&tres, £4at mesurés sur une p&riode de

Al

quatre ans. Le diamdtre intérieur des tuyaux variait entre 80 mpn et
300 mm. ‘ : . , [

. Les tuyaux de 80 mm et 100 mm subirent un affaissement tr@s pro-
nongé sous un remblai de plus de 3.5 mdtres. Les tuyaux-de 150 mm,

200 mm et 250 mm ont supporté la charge sous un remblai de 8.2 midtres

de facon satisfaigante. Un tuyau de 300 mm s'est affaissé de 20.0
pourcent sous un remblai de 4.5 mitres et de 31.1 pourcent sous un

La moyente de 1'affaissement pour les tuyaux

AY

, de 300 om se situe & 14.1 pourcent 2 4.5 mdtres et "22.4 pourcent iq8,.2

ndtres. ¥

s R
- La préf:aratidrr d(u lit, la. rigidité& du tuyau airltkéi que '1? charge

sur ce dernier furent agsocifs 2 1'affaissement.

‘ /- ,
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I. INTRODUCTION

=

¢
1 n

Hundreds of thousands of kilometres of corrugated plasticedrain
tubing have been installed at depths. of 0.7 to’ two metres for farm
drainage with good success. However, when applications which require

tubing to be installed at depths greater than two metres are considered,
| -
many designers, specification writers and manufacturers are uncertain
whether to use standard corrugated plastic tubing, or whether tubing
. »

.

with thicker walls should be specified. There are mo well documented

case; of the perforﬁanhe of corrugated plastic ipstalled deeper than:

L

two metres. °

Some applications requiring tubing at greater depth are:
Y ’ -
drainage .around the footings of deep foundations, drains passing under

< .
highway embankments, toe drains for dikes and dams, drains for mine ;

a <

tailing piles,. city dudbkand landfills, drains‘under building floors

1

and storage piles, dewatering drains under sewer and water lines, and
B - °

some deeply placed communications wire conduits.

]

- Recognizing the need for .installation of corrugated plastjc:-
tubing with depth of installation increasing up to at least seven

metres,-the CPTA authorized the installation and study reported. herein.’

S

ke DLW
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Objectives ‘ . ,’ '
. T am “ . vpé’ .

1

el

! (3
The objectives of this work were:

.-

1. To install tubing, in an accessible ‘location, with depths of

backfill ranging from zero, to at least seven metres.

.~

2. To measure the inside diameter along the length of the tubing

L3 - » ‘ X & ‘ . L !
during installation, and from time to time after installatibn,

a

ARSIk

3. To try to determine whether the reduction in inside diameter *

)

(deflection) has a direct relationship to the depth or weight of

soil above.the tubing.

" 4. To determine whether ‘there is any long term creep deflection of
’ - - ke 2
the tubing. i

 elnbine

5. To use tubing in standard sizes available from 80 mm to 304 mm , ~

A

(three to 12 inches) I.D.
1 * ’ R ! . ) ¢ j

Scope limitations

f

1. . ¥ill depth was limited to 8.2 metres because of the costs ®nvolved

IS
>

in going to greater depths at the available experimental site. .o
2.. Commercially available corrugated tubing was used. It was not

feasible to obtain tubing with a specific stiffness rating.

e

3. It was beyond the allowed budget to develop a deflection measuring

t
-

. device. "
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. . II. REVIEW OF LITERATURE

5

. A: Theory of load on underground conduits . o

“

Since .the beginning of the twentieth ‘century, research on the

[

loading of underground conduits'hps been carried on by engineering

organizations and individuals. Serious efforts have been made to

_ analyse external loads and earth pressures to which underéround

. . /
conduits are subjected. .

»

1. Load ¢lassification of underground
conduits , .

. Underground conduits are classified according to their degree
of flexibility. For instance, conduits such as asbestos-cement,
‘concrete, casgt iron and clay are considered rigid, whereas corrugated
metal, thin walled steel pipe and corrugated plastic pipé are

classified as flexible pipe. The principal load-supporting ability of

rigid conduits lies in the inherent strength or stiffness of the pipe

{

wh%lg flexible conduit relies only partly on the inherent strength of
the pipe when resisting external loads; that is,‘the flexible pipe

mobilizes the soil passive rgsistance'co give support to the pipe as

v

the horizontal diameter and deflection of the pipe increase. In.

¥

. addition, underground conduits are classified according to the con-

struction conditions under which they are installed. Three main

-




B e e

s

conduits, projecting conduits and negative projecting conduits.

classes characterize the cbngtruction’condit;ons;'tbeseyare ditch 'f

* a +
> ~

1

'

, Ditch conduit conditions apply to structures installed and

v ¢

buried in narrow trenches in relatively passive and undisturbed- soils,

The imperfect ditch method of construction changes projecting conduit

w

‘conditions to ditch conduit conditions by means of tamping the soil on

both sides -and above the conduit for some diqtance.

\
¢

Projecting conduit conditions apply to structures installed in

sbaliow bedding with the top of the conduit projecting above the

original soil surface. Conduits installed in trenches two or three
" ,u' * R . _Q . -

times larger than the horizontal breadth of the conduit are considered . . -

to be ih projecting conduit conditioms.’ o -

* Negative projecting conduit conditions apply to structures

placed in'shgllow ditches with the top of the conduit below the natural

i
.

ground surface and covered with an- embankment above this ground level.

3 P

The terms ¢ditch coﬁduit, imperfect ditch, projecting and

negative projecting conduits» have become established in o1

engineering terminology. These terms are identified in the

o
Manual no 9 and are illustrated in Figure 1.

' . _
] - \

.
-, €

2. Loads due to fill materials

4 )
' * *

There was no rational method, prior to 1900, to characterize and

*

determine the magnitude of the 10a4§ on underground conduits due to

\ _earth overburden and other load soufces. In the early years of the

v

»

. ¥ R A ] T e ot ey ik i
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flexible ditch conduit is given by the followlng ermula. .

ki

r L
L

o

'twentiethtépntur§ the Marston theer§ (Spanglji and Hardy, 1973) was

developed and, since then, much loading rese ‘éh has verified the

%gldlty of thls approach. s -

- 1

The basic goncept of the Marston theory for ditch conduit is

-

that, as che £ill materxal settles into the dltch friction forces
which act upward develop between the side of the dltch and the f£ill
material, creatz;g an arch action ﬁha:‘helps to’ support the 3011
backfill. Therefore, the load on the pipe is less than the total
weight of the'soil column. above it. This con;ept is“b;;eduon the
asaumptlon that the fill density is less than that of the or1g1na1 e

soil. ‘According to the theory the load en the conduit for the case of

Q

I3

.l (1)

wC - CdYBch

where

~

We is the dead load 7t

thelflexible conduit 3

of conduit iehgth to be carried by

T o

* A

Cq is a loading coefficient dependent on depth of backfill,

[

width of trench gnd type of soil

Y is the specific weight of backfill soil, A

is the outsidé diameter of the conduit, L

\

By is the width of the trench, L

i

:

In this case it is assumed that the slde f1118 have been

¢

tho;oughly

tamped and have essentlally the same degree of stlffness as the pxpe.

Marston's theory includes also the case of projecting: conduit

conditiong and the equ&tibn that applies to such conditions is given

e -

in the following form:

i
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€

\ s
.7
i ’ . ) : 5
Woo. céyisf: ] - ' c el @
where -,
Wé ;s,the léad on th; conduit in Ii‘L"1 of coﬁdgit length to o
‘ be carried by the flexible conduit ‘
Cé’is a' loading coefficient dependent on the depth of b?ckfill;
typ',e and ou/tsit‘ie width of conduilt and soil cc;nditionso
Yy is the specific weight of hackfill soil,'Ftck N
Bc is the dutside di§meter of the coﬁduit; L b
In oréer to deterﬁine the value of the loading coefficieqt; two
factors associated with the conditions under which the conduit is -

o -

installed have to be considered: the projection ratio, p, and the

settlement ratio, LD The projection ratio, p; is defined as_ the

e
ratio of the distance that the top of the conduit projects above the

adjacent—nafural ground surface or the top of the thoroﬁghiy compacted

, fill to the vertical outside height of the conduit.

The settlement ratio is defined in WECF Manual ‘mo. 9, by the

14

~ ‘

following relationship:

¢

T (s, + SEL) - (8 +4d)

8

rg = — 3 o PR &)
) m '
where
Ted .18 the settlement ratio
Sg " is the séttlement of the natural ground adjacent to
N 4 e
' _ the conduit ‘ s
S, is the compressidn of the columns of soils of height’
i ¢ i ~ T ﬂ’
.pB

[

Ay
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(Sm + Sg) is the settlemenf of the critical plane:

dc , is the vertical deflection of the conduit

£ is the settlement of the -bottom of the conduxt

TS +d ) is the’settlement of the top of the cond%;z

S

values for flexible conduits: ' : E
Soil c&tditions . L Tad
?
-~ Poorly-compacted side fills -0.4 to 0 - . ¢
Well-compacted sgide fiils . .0 -

3. Surface loads

Underground condu:ts very often are subjected to loads other
than the filling mater1a1 “Traffxc and pxles of construction materials
at the surface transmit their loade through the £fi1l material to the

underground structure.. These loads can be econcentrated, as in the case ) ;

of truck wheels, or uhiférmly distributed, as in the case of piles of

congtruction materialg. The effect is greater for shallow covering,

but dissipates and spre;da rapidly as .the deﬁth'of cover increases to A

- ¢

1.2 metre or more. .

3 . )

- According to Taylor (1948), Boussinesq, in 1885, obtained a

-~

genfral sqlution-of,the elastic quations under a point loa§ thtt was
applied to a semi-infinite 'mass. Spranéler (1947) reported that

Griffith was one of the girst tt suégest the applittbility of the L .
Boussinesq solution to problems of transnission of stress thtoughjaoils

and that he-had developed a generalized expratsion for the intensity of




R

9
vertical pressure in a soil mass due to»a‘t;:pnceutratetli surface load
' . » v g.
'in the form: . a .
- N
.t w2 - s
\'/ cos ’
B, = 5P, T . _— el (8
. T, ) .
L 4 + Q v
where | ( , -~ *
- 4 ®
P - is the intensity of pressure at A point in the soil mass
z v N t

B is the concentrated load applied at.a point on the surface’

Q jis'the angle formed with the verticdl by the radius vector
from the poimt of application of the surface load to the
point considered

Z is the vertical distance from the surface to the point

V is a concentration or dispersion factor. ‘

Holl's jintegration of Bougsinesq's formula for concentrated load

is presented in WPCF Manual no. 9 in" the following form:
f PF . .
‘ Wsc CS T ' . .. (5)
' f
where
Wsc is t;he’livé load per uynit conduit length, FL-I . -

C, is the loading coefficient obtained

‘P is half axle load, F

v

. F “is the impact factor of 1.25 for field travel or 1.5 for -

s

!
highways and streets

4

© L is the effective length of conduit over which live load

£

acts, normally taken as 0.9 meter. .

~

For the case of a superimposed load’distributed over an area of ~

¢

considerable extent, the formula is: 7

e £ mamar
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vhere . . e _ ! .
WS; isl’the load per unit conduit length, I"L;'1 < ,
P Bi'sj the intensity of distributed load, FL? - *
—*'7'“' F is the impact factor : .
B, is the width of the conduit, L ‘
C, isa ipadiggo coefficient. . . ‘
B %

. i

4, Deflection .

Some research has been done to estimate the deflection of
flexible underground conduits. Flexible conduits fail by excessive
‘deflection as opposed to rigid conduits which fail by rupture of the

pipe walls. Flexible pipe resistance to deflection is a function of

both: the inherent stremgth of the pipe and its surrounding soil.

Spangler (1947) presented the following equation for deflection.

o (D W, + KW_ )r? , o
. EI+0.061 E't3 ‘ )

where o« . L ‘ )

AX 1is i:he horizontal deflection
D
e

is the deflection lag factor -
K - is the bedding constant
Wc is the dead load on the conduit, FL-I
Ve is- the live load on the conduit, ;‘L-l ' \
r 1is the mean,radius of the conduit, L- '
. E 1is the modulus of elasticity of the conduit, FL.2 ) — J
\ a ' '




- - - O e et d B e e R T T,

‘ o u
is the second moment of area of the conduit per unit
length, L3 ,
is the modulus of soil reactionm, li‘L-2
\ .. -
Usually, vertical rather than horizontal deflection is measured
in the field. How. 4 (1977) states that the rdtio between the vertical
and horizontal diametek, changes as a circular section deforms
elliptically, and gives the following relationship:
AX = 0.91% Av | oL@
The product EI represents the resistance of the conduit ‘to
deflection, and, for a specifi:c conduit wall sliape, EI can be
' determined in the laboratory with parallel plate‘loading and the )
) d A ’
@ Spangler (1973) equation, W
EI = 0.149 r:(-rp) : ‘ o
. Y f°
' vhere
AY 1is the vertical deflection, L ‘
F is the vertical load/unit length on conduit, FI.:1 ]
Figure 6 provides a definition sketch for the terms involved in the
measurement of pipe stiffness and deflectionm. S ‘
A ™
! Putting equations (7), (8) and (9) together yields: ’ "
- R 1 . - o
(Dech + Kwsc)r’
AX = (0.913 AY = T oo (10)
i ) s ] 3 B
- 0.169(—&§-)r + 0.061 E'r <
s . which simpulifies to:
- De mc + Kwsc )
N Ax - AY - “? « e (11)
) d 1 o
.° 0,136 =t 0.056 E
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The expression is applicable to the investigation of plastie drain
t

tube deflections under earth loads. The apparent weakness of :
predictions based on this equation lies in the selection of proper !
N N

values for the modulus of soil reaction and uncertainties in thé

values of the deflection lag factor, D,. ‘ y

Howard (1977) stated that for a given degree of compaction and

soil type, the soil passive resistance varies. While Spangler (1973)

v

recoménded a value for D, of 1.5 to be used in the equation, Fenemor

Q

(1978) found values ranging from 1.5 to 8.6 and an average of 3.4.

T el e ek

Shafer (1947) stated that the flexible pipes inder external loads

- -

continue to function structurally until the deflection results in a
concave curvature of the top or bottom of the'p'ip'e. He recommended the

safe maximum.deflection as 20 per centv of the vertical diameter and &

° Pl

using a conservative factor of safety of 4, established the design

w2 o \
. + ‘A&Jf’ . , ( s
deflection at 5 per cent. B S SR ’

2

McCandless (1974) studied ﬁefle&tion for \a‘zb«ing installed at
depths less than five feet in different types of soils and found
deflections in the order of 18. per lcent:. Tubing in sandy soils . !
generally showed less deflection, which he attributed to the tendency

of sand to flow around the pipe during blinding operatioms, thus

providing better quality bedding and more lateral suppwy

Schwab and Drablos (1975) reported an average overall maximum °’

-

deflection of 17.2 per cent for farm sites they invesﬁigated. The
sizes of pipe inspected were 250, 300 and 380 mn diametez‘:. They also
- N > .o [

\ e
foundl- érom field tests that 80 per cent of the deflection bccurred

during the first two years after installation. ,
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N Drablos and Schwab (1972) and Drablos and Walker (1976) found,

from extensive sampling of farm drainage tubing installed at depths,

less than 1.4 metre, that many 100, 1i5, 150, 200 and 250 mm diameter

‘ tubes had {i}lect%ens in excess of 25 ber cent and means were from 20

to 26 per cent for tubes with stiffness greater than 125 kPa, The

tybes did not collapse and continued to carry water.
N 0

¢

Fenemor et al. (1978) found average deflections of 6 and 12 per

cent respectively for piﬁes buried in narrow and wide trenches at a
depth of 1.4 metre for sizes of 150, 200, 250, 300 and 380 mm in

-diameter.

“N
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III. MATERIALS AND METHODS

1. Field kxperiment . . : ) .

Four replicates of each of the sever types of tubing indicated in

Table 1 were installed in the side of a hill on the Macdonald College
>

Farm. This parrangement left the tubing accessible for mani' years, used -
a minimum area of land and. reduced egrth—moving costs compared with some
other arrangements. One end of the tubing rémained open for measurement
access, while the other end was buried at the maximum depth.‘ Figures 2
and 3 show the profile and the front view of the hill with the tubing‘

installation. ,

Excavation of the hillside started on 15 November 1976, using a
power jjwv;l and a Catérpillar 955 crawler tractor for’ pushing the goil ~
aside. ,The excavac;ion was domne 'J'.'n two cuts: the first, 4.5 metres déep,
and the second, 3 metres deep. The soil on 'the hill consisted of about
1.2 metres of sand underlain qby a soft sticky blue clay which made
excavation and soil removal difficult. The excavation finished on
1 December 1976. The cut measured 28 hl;:res wide and 24 metres back

into the hill. The maximum depth was 8,2 metre\s and the side slopes .

were about one to one. ‘®

! -

....Five lines were installed im the bottom of the excavated area
to a depth of approximately 0.75 metres using a Buckeye trencher (see

Figures 2 and l3). These included ‘three 100 mm I.D. perfbréted filter

f
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TABLE 1. Manufgéturer, material and stiffness of tubing used

4

. Actual diameter Stiffness
Inside .
dt??ifﬁf . Manufacturer Material 52 10%
?i:lil as) Inches mm o deflection deflection
che ‘ (kPa) (kPa)
3 3.15 80.1 Daymond Ltd. - PE 255 - 192
4 3.98  101.1 = Drainbec Lr.'g% - PE 298 228
. - A . I B ‘
4 4.00 101.6 Hercules Canada Ltd. - PPR 288 233
6 6.05 153.7 Big «O» Plastics Ltd. PE 210 173
8 8.15 ' 207.1 Big «O» Plastics Ltd. PE © 265 . . 201
. 10 10.077  255.7 Advanced Drainage Systems = PE -~ 283 220°
; 12 11.80 299.7 Universal Plastics Inc. PE 283 - 23

t
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) FOR THIS VIEW SEE FIGURE 3 = =

TUBING < TUBING INSTALLED ON CRUSHED STONE BASE

------------j-ﬂ----—-----;-—------------F:M -

TUBING INSTALLED IN O.7.m. TRENCH

’ ALE: 25mm.= 3.0m.
B <— §CALE. 25mm. m

Figure 2.‘ Profile of hill with tubing 1ns;a11ation.
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Figure 3. Front view of tubing installation.
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Wrapp’eci P.E. and two 200 mm I.D. non-perforat;ed P.E. lines. Ori‘ginal_
‘plans‘ called for four lines of eagh type, but the surface was too soft
"for the trenche:r to continue. These f‘i.ve 1i'ne\s were placed on the

clay trench bottom and were; backfilled with crushed stone ranging in .
size from zero to 13 po diameter. After cpm;’letion Qf this backfilling
.an at;tempt was made _to‘s;nooth the surface using a D7 bulldozer, but

the soil proved too soft to achieve an ad{quate result, The surface
vas then left for two days during which temperatures down to ~20°C -

prevailed, and enough freezing took place to allow machinery to move

and work effectively for the installation of the upper layer of tubing.

-

s

A 100 mm perforated filter-covered drain tube was placed along
the back wall of the e;ccavated area to aid in drainage. This line was
connected to the first line installled at this level which! was also a
1()6 mm ;)olyethylene perforated tube enveloped with a filter sock. The
tubing was installed as.péired lines as. shown in ‘Figure 4, using I':he
follqwing procedure steps: ‘ .
1. A 150 mm depth of crushed sto;le was laid down, compaéted and
smoothed with the Caterpillar 955 é:rawlér loader and a MF 165
wﬁeél tractor.

12, Ninety degree grooves were made in the crushed stone wi,th the
tf:actor attachment and hand work. .

3. The tubing was laid in the grooves.

4, The tubing was covered by hand with 150 mm of crushed stone,

~

smoothed and tamped with a motorized tamper. 7 .

5. A 150 mm la};er‘ of sand was placed on top of the crushed stone, then

.. smoothed and tamped.

~
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One ‘and oné half metre of sand was ‘placed as loosefill with the 955

crawler loader.

{e ’

Steps 1 to 6 were repeate® with two rows of tubing at a time.

After all the tubing was installed in this manner, backfilling was,
done with a D7 bulldozer by pushing sand .ahead so that at least
three metres of sand covered the tubing before it was subjected

to the weight®of a bulldozer.

The rest of ‘t:he hillside loading area was filled and graded with a

I

clay and sand mixture.

'

When #istallation of the 250 mm tubing was finished, the plug

2 . .
test was performed for the 80 mm tubing and it was found that two

3¢ ’

lines had been damaged during covering. To provide three replicates,

+ . 3 . . »
one more 80 mm line was installed. For similar reasons, there were

-~

also installed extra lines of 100 mm PPR and 150 mm and 250 mm PE

-

tubing (see Figure 3). ¢

b

About 0.6 metre of soil was added to the top of the 16%&

*

in the summer of 1977 to smooth out irregularitieQ in the £ill and to

1

bring the hiliside to its final grade. " The bank wgé then seeded to

grass to reduce erosiom. >ow retaining wall was built in the summer

of 1977 at.the outlet end of the corrugated tubes so that the starting

point for length measureménts could be unified and the base of the

slope could be -kept stable with abou}: 0.6 metre of soil over the top

of the tubes.

/

-

&

5 L BRI N Rl (LRI o Sl

N e o

i et >



EaliaN

2. Field measurements .

" The vertical dimension inside the tubes was determined by

*insert\inig spherical wooden plug gauges attached to :_Lnomihal half~inch

8

‘ L

(13 mm) diameter galvanized steel pipe, on which length measurements
were marked. The plug gauges were made in, fiameter increments, as
shown in Table 2. Measurements began with the la;:gest digmeter plug

.which would enter each pipe. The distance at which that plug stopped

was noted. Then the next smaller plug was inserted until it encountered

0

H

a sto?ping resistance, then the next smaller plug was inserted, etc.
Results of each set of measuremeSﬁ are shown in Figures 8 té 16.. It
mst be realized, when looking at these figures, that the numbers given
as the maximum deflection are in s;:ep increments becau;e the plug
gauges have step increases in diameter. The actual deflections along
any tube will be between the amoun\ts indicated by the last two per-
centage numbers; that is, between the deflection indicated by the

plug which goes through and the plug which does not go through. It

vas noted that the plug gauging gives rather coarse measurements:
Also, it would be possible for the plué to’ be stopped by a dent in the
tubing at one location and for the tubing to have a larger.vertical
dimension beyond the dent. But it was not possible to rent a suitable

electrical diameter measuring device which might give better precision,

and it was beyond our financial resources to build such an instrument.

i

v
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/ TABLE 2,
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Per cent of actual inside diameter deflection indicated bi' the
stopping of the plug

7

»
¢

Plug gauge NP Deflection & of tubing inside diameter-
digmeter Tubing \Z il
Nominal I.D. (in) 3 4 6 8 10 12
Incheé mm Actual I.D. (in) 3.15 4.00 6.05 3.15 10.07 11.80
Actual E.D. {mm) 80.1 , 101.6 153.7 .207.1 255.7 299.7
1.38 35.1 ' 56.2 65.5
12,05 52.1 .35.0 48.7
2.26 57.4 28.3 43.5
2.49  63.2 20.1° 37.7 (
2.80 1.1 11.2 30.0
2.88 73.2 s - 8.6 28.0 /
! 3.00 ° :76.2 . ‘ '25.0
3.26  82.9 l 18.5
. 3.50 88.0 12.5
3.61 91.8 9.6 40.3 -
3.98 101.1 34.2
4.54 115.4 24.9 44.3
‘5.00 127.0. 17.4 38.7
5.19 131.8 g N 14.2 36.3 ‘
5.49 139.4 9.3 32.7 45.5
. 6.06 154.0 25.6 39.8
6.48 164.7 20.5 35.6 45.0
o 7.02 178.3 13.9 30.3- 40.5
7.25 184.2 11.0 28.0 38.6
7.52 191.1 7.7 25.3 36.2
7.75 196.8 223.0 34.3
8.13 206.6 19.2 31.1
8.61 -218.6 14.5 27.1
8.75 222.3 13.1 25.8
9,09 230.8 9.7 23.0
9.42 239.2 6.5 20.2
9.75 ' 247.6 7 3.2 17.4
10.04 254.9 14.9
10.48  266,3 11.1
11.01  279.7 6.7
11.44 290.7 3.0

\
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3. Jaboratory measurements

The particle size distributions for the crushed stone used as

bedding and the sand used as backfill are given:in Fi.'gure 5.

v

Pipe stiffness was measured in the laboratory with-a parallel '
flat plate loading device as indicated in Figure 6. A summary of the

results is'given in Table 1. The procedure for the stiffness test

¢

- L
for corrugated plastic drain tubes is given in the Canadian Government

”épecification Board Standard 41-GP-29a and by ASTM standard F-405.

A

A,preiga;:l is qsed to séraighten the pipe and obta'in contact
between the plates and the pipe along the full test length. The load
is then applied‘ such that the deflection proceeds at a constant rate,
usually 12 mm per . minute, 'and the load F, and deflection AY, are

measured simultaneously, or obtained directly from a graph provided by

the testing machine.

A load-deflection graph for a 200 ingide diameter corrugated
polyethylene drain tube g shown in ngure 7. The shape of this graph
is typical of the corrugated polyethylene tubes of diameters ranging

from 100 mm to 300 mm which were measured.

-

-

23,



cow e e

100-

% FINER

80
80
40

20

0

— Pry - A
. GRAVEL SAND SILT
T T TTTY T 1T 3% e JITYr I r r 1ro ¢ ITT 1 T 1
- ‘ ~
SAND B‘ACKHLL
fﬁUSHED STOME /
- / - -4
3 -
i . - //\/ , ‘ : .
N \\ ' -
VI T OO T L. llll'l | I | N! ]
100 0. 1.0 : s 0.01

e

GRAIN SIZE

d, mm
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IV. RESULTS AND DISCUSSION

No deflection large enough to stop the largest suitable plug
gauge was noted on 13 and 15 December 1976 during the filling process.
However, changes were noted in the larger tubes on 22 December 1976,

four days after earth-work was completed '(see Figures 8 and 9). The

.actual diameter measurements are given in Figure 8 and are presented as

g ~ ’ - 13 a - ”
a deflection percentage of the nominal inside diameter in Figure 9.

The datalfor the deflections measured in 1977, 1978 and 1980 are
given as Figures 10 through 16. From these figures it can be seen’ that
most of the tubes have undergone approximately five per cent additional
deflection between 22 December 1976 and 29 April 1977. Son;e tubes had
very small additional deflection between 59 April 1977 and 16 September .
1977. There has been practically no change from 16 September 1977 to
3 November 1980. This shows that more than 90 per cent of the ‘total

deflection measured after four years occurred during the first year

after instﬁ'lation.

Fenemor _é_t_:_a_l_. (1978) defines the lag factor D, as:
A .

« maximum deflection after 5 years
e initial maximum deflection

i

.. (12)

D

Data from Figures 9 and 15 were used in equation 12 to calculate lag

factor for the 150, 200, 250, 300 mm I.D. plastic tubes. The mean

[
»
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deflection at specific depths for each tubing group of the same size
was used in the calculations. Results are presented in Table 3. The *
&

De calculated ranged from 1.0 to 1.8, with an average of 1.45.

Since there has been practically no change in deflection from

16 September 1977 to 3 November 1980, it is believed that the De
calculated is of the same magnitude as if observations after 5 years

had been used in the calculation.
| ) @a

Deflections as large as 28.2 per cent were observed at a fill

«

depth of 3.6 m for the 80 mm tubes and up to 56.2 per cent at a depth
(

of 5 metres. The 100 mm I.D. tubes showed deflections of 18.4 per cent

o

for a fill of 1.5 m and more than 28 per cent for greater depths of
fill. The 100 mm tubes placed in trenches suffered less deformati;ﬁ
an§ showed a deflection of 18.4 per cent for a fill up- to 7.5 m, while
the 200 mm tubes placed in trénches:have deflected more than 20 per

cent under a fill of 7.5 m.

The mean deflections for sizes 150, 200, 259~ggd 300 mm are
given in Tables 4, 5, 6, and 7. They were plotted against depth of
fill and are shown in Figures 17 through 20. Theoretical deflection
curves were plotted on th; different graphs using values obtained from

Spangler's equatiop{_in order to see how predicted deflections compared

with measured mean deflections.

A lag factor of 1.5 was used in the equatio& since,this value

seemed to apply to the experiment, and a K value of G0 as taken as

the beddipg constant for 90° grooves. Based on judgement and on

b
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Howard's (1977) soil-description and d;gree of coﬁpaction‘of bedding
fgr recommended values of E', a value of 1379 kPA (200 psi) was
adopted to calculate deflection for all sizes of tubes and depths of
fill. A specific density of 1.76 g/em® (110 1b/ft3) was assumed to be

{
representative of the fill material,

Since the actual comstruction conditions did not fit exactly
one of the construction condition ;lassifications shown in Figure 1,
theoretical deflections were calculated agssuming different installation
conditions. The projecting conduit condit%oﬁ was rétained as a
comparison with measured deflections. .The imperfect trench condition
produced similar results, although slightly below those of the

projecting conduit condition. Equations 2 and 6 were used to determine

the load on the different tubes. ,

Two situations were studied: one considered a surcharge, and
the other consisted in extrapolating a valle of the loading coefficient
C,- In the first situation, for values of H/B_ greater than 10, a
surcharge was considered. For instance, taking the case of a 200 mm

1,D. tube having 250 mm 0.D., under 7.5 m of fill:

&

7.5 . 30

0.25

w‘m

¢
Since the W.P.C.F. Manual no.9 does not provide values for such a high
ratio, a height of surcharge was determined in .the ®¥ollowing way; using
) : ,
the 200 mm drain tube as an example under 7.5 m of fill.
Setting H 10
B

c
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Then H = 10 x 0.25 = 2.5 metres '

and the surcharge is: 7.5 -2.5 = 5,0 metres

The loading coefficient Cs for the surcharge was taken from Table

XXVI, page 206 of W.P.C.F. Manual no.9 (see Appendix A).

This method of evalu;ting the load on the tubes yielded B 5
theoretical: deflections that follow the general tendency of the actual
mea;ured deflections versus depth, curves. For depth of f&ll of 1.5 m
the standard procedure was used to find CC and né surcharge was

considered. )

et Lot

o o

Looking at Figures 17, 18 and 19, which show field deflection

5 = T o

Fow

curves for the 150, 200 and 250 mm tubes, it can be seen that
deflection increases rapidly ﬁntil a depth of fill of 1.5 m is reached
and then all three curves show a change in slope. Looking ét the

theoretical curves, one sees also, a break in increase at a depth of

L
S P VP

1.5 m, although the break is not as drastic as in the case of the ‘
7
actual deflection curves.

S ( W

If a value of C, is extrapolated from the curves in Figure 49

of the WPCF Manual no.9, which is possible since an L value equal

[

to zero has been used and there is a direct relationship between H/Bc
_and Cc;‘then a curve pattern as shown in Figures 17 thiough*20 is

obtained, which is different from the measured deflection curves.

. Loads calculated by the projecting conduit condition with a

surcharge, yielded a difference between meésure& and predicted

"deflections within 2.0 per cent of the tubing I.D. at all depths for

~
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the 250 mm tubes. At 4.5 and 7.5 metres deep for the 200 mm tubes,
predicted deflectjons are within 3.0 per cent of I.D. from the ~
measured deflections at all depths. For the I§U mm tubes, althoughnthe
predicted deflections fall below the measured oﬁes, the two curves have
the same tendency. In the case of the 300 mm tubes, pf;dicted
deflections gre within 2.0 per,cent of the I.D. from what was measured
at 1.5 and 4.5 metres deep, but as the depth of fill increases to 7.5 .
metres, the predicted deflection curve stays a}mogt conséant, whereasl
kth;a measured deflection curve keeps increasing steadily: The defleétion

curve of the 300 mm tubes fits the predicted deflections calculated

without considering a surcharge, within 1.5 percent of the tubing I.D.

A3

. Spangler's equation for deflection was applied to calculate the
modulus of soil reaction E', using the measured deflection values.

For calculation purposes the formula can be written:

-

D KW v
E' = 16.393 ['6-;T3£H - 0.149 F/AY ] no surcharge . . . (13)
! g '(Dech + Kwsd) ¢ ‘ . '
E\ = 16.393 [ —Spgrme— - 0149 F/AY] ... (14)

>

surcharge includgd.

L

The modulus of soil reaction was calculated using loads
determined by the positive projecting conduit conditions plus a

surcharge load. Table 8 summarizes the values for the fill at 1.5 m.

s

Howard (1977), in his experiments, observed variations of E'
within each category of bedding he tried. But he reports /that

predicted deflection using a mean value of E', was between 0.5 and 2.0

-

e T
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Id ! t . ' . »
per tent of the measured deflection. .The various types of pipe he

surveyed varied in size from 12 to 180 inches (300 to 4570 mm) in
diameter.

From Table 8 it-can be seen that E' values decrease as tubing

/
size decreases. Although the modulus of soil reaction does not have

any relationship ’ti.q the dz’.ameter of a buri‘ed pipe, there seems to be
some connection. It may be that the fill material adjacent to the
‘t_ube,- i.e., 20 mm or so, does not get as well compacted as the material
farther -away from it, and so the tube does not receive much suppc;rt
from the first two centimetres on each side of the pipe. Although this
20 mm does not ‘;ee.m very much, it should be realized that ir; the case
of a 150 mm tube, a 20 mm deflection represents 13 per cent deflectionm,
whe::eas in the case of a 1220 tm pipe, for instance, it would only be a
1.6 per cent deflection. Therefore, one can see tha/tg compaction is
more critical for smallﬂsize pipes than for larger size pipes.
Referring to the results of deflection at a depth of 1.5 m, the 300 mm

tubes show a 3 per cent deflection, whereas the others have larger

and increasing percentage deflection as the diameter decreases.

’
¥

An intmng observation is that the 150 mm tubes, when tested

between flat plates, sustained a load of 2.9 kN/m. The calculated load

for 1.5 m of fill is 4.6 kN/m. Therefore, if the pipe can support 2.9
kN/m of its-own, then the soil's share is 1.7 kN/m. Since the predicted
deflection was 4.5 per cent for 1.5 m of fill and the measured

deflection was 15 per cent, then there.is a 10.5 per cent deflection

4

which is not taken into account in the equations used to calculate

-
.

7
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loads and deflections. At 10 per cent deflection, the tubes took a

load of 2.3 kN/m when tested between flat plates. This value is -
reasonably close to the 2.9 kN/m load wiich the pipe was expected to
carry in the fiefd, considering al%ﬁ;h;?uncertainties involved in the
calgulations. Therefore, it segé; probable that the tubes had to
defléct 10.5 per cent before getting some support from ‘the adjoining
soil.- At A.S'and 7.5 metre depths,.dgflectiOn did not increase,

indicative that any addfi?;pal load was absorbed by the soil.

Similarly, the flat plate tests for the 200 mm tubes showed

that they can take 3.4 kN/m at 8 per cent deflection. The calculated

load was 6.6 kN/m at 1.5 m deep; therefore, a load of 3.2 kN/m was

carried by the_goil. Since the predicted deflection is 4.4 per cent,
. ) ‘a—ﬁ)

the pipe would have deflected 3.6 per cent or approximately 7 mm in

L e e e B G e AR B R R R R S I I

horizontal deflection before the soil reaction took place.

Another observation is the load increase at each depth for

PSR PN I A e

each size of tube, With -depthof-£fill increasing, deflections of the

150, 200 and 250 mm tubes increased but at a much slower rate tbén'

Sopastiion 57 S8

,that of the 300 mm tubes. The latter-show a nearly constant increase

in deflection with increasing depth. Table 9 gives the calculated

léaﬁ for e;ch size of tube at three different depths. ?he values shown‘;
aré the sum of a dead load arfd a surcharge. At 1.5 m, the load on each
size of the tube is incremented by approximately 2.0 kN/m, ranging from
the 150 to the 300 mm tubes. For depths of 4.5 and 7.5 m, the load
increment between the 150, 200 and 250 mm tubes is of the o;der of 5 kN/M.

Between the 250 and 300 mm tubes, the increment is nearly double that of

the others.



TUBING AND FILL-. PROFILE
151 ft
HEJGHT, ;
HEIGHT, m 33 54 67 :
DISTANCE,m O 3 13 5 4
D, OF % 1D, DEFLECITION EOUAL OR LESS THAN PLUG j
UNDEFLECTED] TUBING PASSING
0.1 mm PE )
(3 in. nominal) il
¥ 7'-' F
1oLl mm PE %8 x
(4 in. nominal) 918
- 9L8 ]
1016 mm PPR : s g
(4-in. nominal) 9.8 ;
pt 9.8 g
I83.7 mm PE 139.4 f
(6 in. nominal) ‘l39.4"—" %27.0/
s e ;
/|
2074 mm PE 9Ll i
(8 n. nominal) B
7 91
iy 1981
2557 mm PE - 2392
{10 in. nominal) . 239.2 ,
) -~239.2| 2308 :
2308
T %
2997 mm PE 290, +270.7]-—12663
112 in. nominat) v » 290.7] 2797
) |—————29017] *279.7| 266.3
v2907] | , 266.3

Figure 8, Dlimeter in miliimetars of the largest plug Qauge passing throu
tubes on 22 b-couti?‘w% Vertical bar !ndicates the a?aca whz':n
plug stopped. Tha final column Indicates the diameter of the plug
which went all the way. -
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TUBING AND FILL PROFILE
: 51 fr -
bm TOP OF FILL
HEIGHT, 1 S 10 15 20 zsgo '
' HEIGHT, m 33 54 & 82
DISTANCE,m O 5 10 5 2 25 ;
D. OF % LD. DEFLECITION EQUAL OR LESS THAN ;
UNDEFLECTED TUBING
801 mm PE ~ }
{3 in. nominal) :
b
i
10L! mm PE , i
. {4 in. nominal) — g
, ' o
IOL6 mm PPR 9§ ;
(4 in. sominal) / 9.6 )
9.6
37 mm PE 9.3 3
(6 In. nominal) . :9_5' 74 i
. 93 :
’ . a3 :
2071 mm PE —d77 2
{8 in. nominal) 77 :
— , 7.7 ‘
7.7 ;
2537 mm PE ' ‘ 63 {
(10 bn. nominal) ’ : 65 z
) +6.5 | ~— 87
: : ‘ s.sl o7
2997 mm PE ~3.0f : &7]
. {2 i, nominal) 3.0 | 67
30] v67| I
30| 67

Figure 9, On 22 December 1976, one weak after Inatsilation, tublng deflections
wers equal or less than the rr«ut of the Inltlal 1.0, showm. The
vertical bar Indicates the place where the plug gaugs stopped. The
final column Indicates th\c plug which went all the way.
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TUBING AND FILL PROFILE
151 ft
46 m TOP OF FILL
HEIGHT, 11 o i - 20 2s 2
HEIGHT, m 33 54 67 80 82
DISTANCE,m O 5 10 15 2o 1]
iD. OF % LD. DEFLEC|TION EQUAL OR LESS THAN PLUG
UNDEFLECTED TUEING : PASSING
801 mm PE E:
* (3 in. nominal)
0Ll mm PE
’ ' {4 in. nominal) i
|
. \ : . !
1016 mm PPR ‘, —di25 .
(4 in. nominal) 125 :
. 1l2.5 ;
( 1537 mm PE 9.3 ;
(6 in. nominal) - — o3} ]I'M f
. ’ »9.3-4i7.4 '
+9.3]~ .4 !
2071 mm PE s 77 139
(8 in. nominol) - 7.77 138
7] -39 .
— 17| 139 :
2557 mm PE  |—eas] ; +9.7| 414.5 !
(10 in. nomingl)  |———6.8]9.7]14s} fi9.2
»j6.5] 97| 145
%6.5| —1—9.7| ~i45.
299.7 mm PE —30| 49
(12 in. nominal)  |——3.0| 149
30| +20.2} 230
+B.0J149|202[230 e £

Figure 10. On 29 April, 1977, 4.5 months after inscallation, tubing deflections
wers squal or less than the percent of the initial 1.0. showmn. The
vartical bar indicates the place whare the plug gauge stépped. The

. final column indicates the plug which want ali- the way.
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TUBING AND FILL PROFILE

HEIGHT, ft € 10 o
HEIGHT, m 33 54 &7 80 {
OISTANCE,m O 5 0 15 20
1D, OF % 1D. DEFLECTION EQUAL OR LESS THAN PLUG
UNDEFLECTED TUBING PASSING
8ol mm PE “
{3 in. nominal)
10L.! mm PE ’ i
(4.in. nominal) . , i
.
IOL6 mm PPR 12.5 |
(4 in. nominal) 12.5 g
12.5 j
!
1537 mm PE ——49,3 i
(6 in. nominal) +9,3| =t——v174|4{ 245 f
: 9.3 —17.4 N
+9.3] 174 3
, ' . ]
207 mm PE - ad 139 i
(8 in. nominal) 7.7 139 !
. 7.7} 13.9 j
— v7.1| 139 ;
2557 mm PE_ |—e|97 ] s1a.8| 9.2,
(10 in. nominat) €3] 97fias]- . 9.2
+6.5| »9.7| ' 14.5
65[9.7 |— 14.5
% i rominal) | ———30f14 ||a02| 1554
12 in, noming | et ], o
s 3.0|—}————314.9|———202}———1 23.0
3.0|149|202|230] e EX

Figure 11, On 16 September 1977, 9 wonths after Iinstallation, tubing deflactions

ware equal or less than the percent of the Initial 1.0. shown. The -
vertical bar indicates the place whare the plug gauge stopped. The
final column Indicates thea plug which want! all the way.
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TUBING AND FILL PROFILE
: 151 ft
46 m TOP OF FILL
HEIGHT, 1 0 5 20 2580L .
HEIGHT, m 3, 54 67 . :
OISTANCE,m @ f o5 20 25
L0, OF . % 1.0. DEFLECITION EQUAL OR LESS THAN PLUG
UNDEFLECTED TUBING ~ PASSING
. 80.I'mm PE 7
. (3 ln.‘ nominal)
‘ 10l mm PE - . )
' {4 in. nominal)
1016 mm PPR . 125 ,
{4 in. nominal) 125
( 12.9 !
N ) ' }
837 mm PE =49.3 ,j
(6 in. nominat) 39, 3] 1474|245 ;
174 !
T4 ;
2071 mm PE 139 /
(8 in. nominel) 39> ;
139 |
3.9
2557 mm PE 92 .
{10 in. nominat) 92 .
14.5
& 195
299.7 mm PE 202
{12 in. nominal) 230
210
3 :

Figure 12, On 30 November 1977, 11.5 months sfter {nstsllstion, tubing deflections -
wars squal or less than the percant of the Initial 1.0. shown. The , 3

y vertical bar Indicatas the place whare the plug gauge stopped. The /P
¢ i Fine) cohpg indicates the plug which went all the way. (
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TUBING AND FILL PROFILE
IS ft
46 m TOP OF FILL
' A
HEIGHT, ft 0I5 20 . zsao .2 1,
HEIGHT, m 33 54
DISTANCE,m O 5 0 s 20 25
0. OF % LD. DEFLEC]TION EQUAL OR LESS THAN | |PLUG :
UNOEFLECTED TUBING : PASSING .
804 mm PE - -zonl 380 - 4
" {3 In. nominol} - : 201 [
/ »20.1} 30
. ' §
014 mm PE —i25 | 377] = —377 ‘
. . (4 in. aominal) — 12.5 :
j—t2s | =27 377 :
106 mm PPR . 12.8 1
(4 in. sominet) — 125 ,
f‘ o . 125 ]
537 mm PE | n 8.3
{8 ia. nominal) _ 3.3
' —g.3] ﬂrm ;
—9.3| 174 ;
2071 mm PE . w21 139 -
(8 in, mominal) ———et- ~7.7| :
‘
2957 mm PE | |97l .
(0 in. nominol) ! a7 iu]
L ” 5| 7] —
2997 mm PE  |——sa0] i«sl 2]
(2 in. nominal)  |———s30 |4sﬂzoz.
{—a.0]was| —20.2
ﬂqolmlzozl. -

€

ﬂgurq,j. On 10 October 1978, 22 months after Installation, tubing deflections
were wsqual or less then the percent of tha Initlal 1.0. showm. - The
vartica] bar indicates the placa whers the plug gauga ampod The
fine! colum Indicates the plug which went all the way,




TUBING AMD FILL PROFILE | - 1

FOR 5§ TUDES IMN TRENCHES 292 fi
. & 85 m
& 1
177 1 i
54 m TOP OF FILL

%

& ‘ ‘ HEIGHT, ft 5 0 57 20 25
HEIGHT , m 4.0 6.2 75 8.7

DISTANCE,m O 5 10 L 20

1.0. OF % 1.0. DEFLECITION EQUAL OR LESS THAN PLUG
UNDEFLECTED TUBING PASSING

T
iRt \.mua% b AL

( 0L mm PE 25 250 ;
(4 in naminal) - »25 2380
: ’ »125 st.o
I o
2071 mm fE ——27 | s 205} jzs.s
(8 in. nomjnal) - 7.7 138
o I

£ iy WBE PRS- N

J

>

Figure 1), On 10 October 1978, 22 months after Instailation, the deflections of
the Five tubes placed In trenches were aqual or less than the percent
of the fpitial 1.0. shown. The vertical bar indicates the place
where the plug gaugs stazped. The final column Indicates the plug
which wont- #1! the way. ’

P T —

Tt ol
.

”
JReiop



TUBING AND FILL PROFILE

¢t 41

HEGHT,FT. 10
* HEGHT ,m ¢ 4y v Aoy v -+
OSTANCE ,m O 5 10 15 20 25
1.0, OF % 1.0. DEFLECTION EQUAL OR LESS THAN PLUG
UNDEFLECTED TUBING - ASSING
f————t 0.6 l2a2} »58.2} ’
80J mm PE : Je.2! —la6
(din nominal) 86 jse2t J
oLl mm PE - . -» g3 1o
{4 in. nominal) J]m
»8.4 | -+28.0}—
10L.6mm PPR o280
{4 in. nominal) 2ot
[
L B
133.7 mm PE -
(6 . nominal) =
2071 mm PE
{8 in. nomsnal) —
2857 mm PE - >
{1Q in. nominal) . 65 | -
I " =145
> 6.5 '[ [ 1] “'.5 4 ‘ > 1H.s : , 1‘.
11 \
3.0 ""'_"65’ 4.2127¢ 3.
el e T
30 |rls2l 202
—+3.0 |69 | — 14.9

\]

Figure 15, On November 3, 19580, 47 menths after Instaflation, tubing deflactlions
' were squal or less than the percent of initial 1.0. shown. Thé vertical.

bar indlcates the place whers the plug gauge atopped. The final column

d lndicates the plug which went al} dnln-y.
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TUBING AND FILL PROFILE

FOR 5 TUBES IN ‘TRENCHES
54

HEIGHT 1.
KEIGHT,m | . - . { .
QISTANCE,ELO 5 10 .18 20 2%

ID. OF % 1.D. EQUAL OR LESS THAN PLUG G
UNDEFLECTED TUBING - ASSH
10U mm PE 123} 28} Naa
{4 . nominal) . : g p————ei280
(8 in. nominal) : 83.0}

figure 16, On November 3, 1980, 47 months after installation, the deflactions of
five tubes placed ‘In trenches ware squal or lass then the percent of
Inftia) 1.D. shown. The vertical bar Indicates the place whers the
* plug gauge stopped. The final colum Indicates the plug vhich went _ -
all the way. -
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4 TABLE 3. klculaﬁted lag fagtor D_
- Size % Deflection Z Deflection Depth of
(zm) at, at £i11 (m) D,
t* = t=4 years ° o
¢ ! ' '
150 9.3 15.0 1.5 1.6
150 9.3 15.0 4,5 1.0
150 o 11.3 ) 15.0 7.5 T 1.4
200 7.7 : 7.8 1.5 1.0 -
200 7.7 8.5 4.5 : 1.6
200 7.7 10.9 15 1.1
250 6.5 6.5 125 - 1.0 3
250 6.5 7.7 4.5 1.2 :
250 8.1 11.8 1.5 1.5 :
E;
300 . 3.0 3.0 1.5 1.4 ;
300 3.9 . 14.0 4.5 1.8
300 8.9 22.4 7.5 2.5
* t is time at which deflection was measured ) §
%
- “ , ;
. ¢
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TABLE 4. Observed per cent I.D. deflection of 150 mm diameter plastic
tubing
Depth (metres) 1.5 4.5 7.5
q 14.2 14.2 14.2
, 14.2 14.2 14.2
150 mm I.D. .
14,2 14.2 14.2
— .
17.4 17=4 17.4
’ /
. Mean deflection 15.0 15.0 15.0
Maximum deflection 17.4 17.4 17.4
4
o {
ER i
/
,
TABLE 5. Observed per cent I.D. deflection of 200 mm -diameter plastic’ ;
tubin .
A :
Depth (metres) 1.5 . 4.5 7.5 ;
¥
7.8 7.8 . 7.8
-~ .
7.8 7.8 7.8
200 mm I.D. .
, 7-8 7.8 ‘ 7-8
<+ . .
p R 7.8 7.8 11.0 ;
Mean deflection 7.8 £7.8 8.6 .
‘Maximum deflection ' 7.8 7.8 11.0
-q
. e ey < e g g P e




TABLE 6. Observed per cent I.D. deflection of 250 mm diameter plastic

, ,tubing ‘
© Depth (metres) 1.5 4.5 7.5 '
* 6.5 6.5 © 1.5
N 6.5 11.5 14.5
250 mm I.D.
. 6.5 6.5 9.7
: | 6.5 6.5 11.5
Mean deflection 6.5 7.7 11.8
Maximum deflection 6.5 11.5 14.5
o ;
TABLE 7. Observed per cent I.D. deflection of 300 mm diameter plasfic
tubing .
?
Depth (metres 1.5 4,5 7.5
3.0 6.9 31.1 ~
3.0 20,2 23.7
300 m I-Do' ’
3.0 14,2 20p2
3.0 14.? 14.9
Mean deflection 3.0 14.1 22.4 ‘

. ¢
. Maximum deflection 3.0 / "20.2 . 31.1




% 1.0. DEFLECTION

o

% 1.0 DEFLECTION

DEPTH OF FILL (metre)

L~Figure"17. Measured and predicted gleflections of 150 mm
corrugated plastic tubing.

N N

wvenemeenee  Measured deflections.

wvwmsamem Predicted deflections considering a variable helght
of £ill as a surcharge. -

mm=mwemaw Predicted deflections considering the total depth
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Figure 18. Measured and predicted deflections of 200 mm
corrugated plastic tubing.
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% |.D. DEFLECTION
o

o

IO 20 30 40 S0 - 60 70 80

DEPTH OF FILL (metre)
Flgure 19. Measured and predcted deflections of 250 mm
corrugated plastlc tubing.

———— Measured deflections h

. .
= om s mmsmmsPredicted deflections considering a variable height

,« of fill as a surcharge.

ammmemem= Predicted deflections.considering the total depth of

fill as a unique load. i
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DEPTH OF FILL (metre)
Figure 20. Measured and predicted deflections of 300 mm
' corrugated plastic tubing.
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TABLE 8. Back-calculated modulus of soil
reaction, E', for 1.5 metre of fill

Size (mm) 150 200 250 - 300

o E )
kPa

124 565 744 2400 :

N

-4 ]

TABLE 9. Total load, W, "= W_ + W

L Dt e LSO

Total load wt kN/m

~y

Size (mm) Earth £fill depth (m) ,
1.5 4.5 7.5

) f/ :

150 - 4.6 6.4 \ 7.4 /
200 6.6 11.5 12.3

F
250 . 8.0 16.3 17.0

. 300 10.0 25.2 25.9 I \




V. SUMMARY AND CONCLUSIONS

o -
~

Professional engineers and organizations have recognized the
need for installation standards for. corrugated plastic tubing based on
depth of installation up to at least 7 metres. The utilisation of
corrugated plastic drain tub? should make drainage work less
laborious and more economical because of its light weight as compared
to alternative products. Concerns have been expressed regarding
the probabiiity of corrugated plastic tubing collapsing under deep

{~ _earth éi.lls. In this study the behaviour 3t plastic drain tubes under

field conditions was investigated.

Four replicates of 80, 100, 150, 200, 250 and 300 mm I.D.
corrugated plastic tubes were installed in.the side of a hill on the
Macdonald College Farm. Deformation of the vertical dimension inside

the tubes was measured using wooden plug gauges.

bl
During the investigation, the followiﬁg points were noted:
. 1. If one considers deflections greater than 207 of the 1.D. to be
excessive, the 80 mm and 100 m» tubes placed on the crushed stone
' bedding suffered excessive deflection with fills greater than

3.5 metres. , LIS

)
i

2, The 100 mm tubes pl:;ced on the clay bed in 0,75 metre deep trenches

. and backfilled with crushed stone were satisfactory for earth fills
( up to the maximum depth of 8.2 metres.
’ 49 ° “
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The 150, 5200, 250 mm diameter tubes placed on a crushed stone
* N .
bedding have carried the maximum depth of 8.2 m satisfactorily.

One of the 300 mm diameter tubes deflected 27 per cent of the I.D.
under a .5.0 m high fill. "fhe other three 300 mm diameter tubes
carried fill up to 7.0 m l;i.gh vith deflections less than 20.2 per
cent and fills up ta 8.2 m high with deflections less than 23,7

per cent,

A lag factor of 1.5, as suggested by Spangler and Hardy (1973),

appears to be consistent with the values found in this experiment.

The calculate@ad using the projecting conduit conditions plus a
surcharge yielded predicted deflections that follow the path of

the measured deflections for the 150, 200, 250 mm tubes.

The predicted deflections considering the projecting conditions
for the entire depth of fill, fit the measured deflections of the

300 mm tubes, within 1.5 per cent of the tubing I.D.

The degree of compaction and quality of bedding material near the

tube wall affect small size tubes much more than larger tubes.

50 -
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VI RECOMMENDED PRACTICES

e

If tubing is to be installed deeper than 2.0 metres, care should
be taken to provide good bedding and backfill with sand or crumbly, .
stone-free soil for at least 150 mm away from the pipes.

Sharp-edged crushed stone should not be placed adjacent to the
pipes.

Kl

Special care should be taken to compact the fill on the sides of
the tubing, particularly for smaller diameter tubes (80, 100, 150
and 200 mm). ’

Use heavy duty tubing.
Do not install 80 and 100 mm diameter polyethylene tubing deeper

than 2,0 m unless it is placed in a narrow trench before the fill
overburden is added.

Where pipes must be placed in locations where they will later be
covered over by great depths of soil, or mine tailings or other
loads, the "imperfect trench'” type of construction shown In Figure 1
should be used wherever possible, or alternately, a strip of deformable
material such as soft styrofoam should be attached along the top

of the pipe so that it could deform before the pipe deformed and thus
allow a soil arching action develop in the earth fill, This would
allow the soil passive pressure to build up on the sides of the pipe
before the vertical load on the pipe built up. Credit should be
given to Mr. D. Selby for this alternative suggestion for reducing
the deflection of flexible pipes ‘placed under deep fills,
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VII. ©LOAD CARRYING CAPACITY QF CORRUGATED POLYETHYLENE
' TUBING PLACED IN TRENCHES ’

Y
-
-

i

Pipe stiffness measureiients were made in the laboratory by the
flat plate method. From Figure 7 it.can be seen that the tubing does

not fail at a deflection of 10 per cent of the inside diameter, but

.

obtains additional strength as deflections increase beyond 10 per cent.

»

Some tubes may have their ultimate strength at 25 per cent, and -

others at 30 or 35 per cent qleflection. Also,/{he inerease in load
. .

(' carrying capacities for deflections beyond 10 per cent I.D. may be
@ '
relatively small for some tubes and large for others. It is therefore
considered safe to use a deflection of 10 per ceat I.D, for the purpose

of calculating the safe supporting strength and the factor of safety

- N

for different loading situations with corrugated plastic drain tubing.

For smooth wall plastic pipe used in sanitary sewage applications,
W.P.C.F. Manual no.9 recommends calculating the safe supporting strength

for a deflection of five per cent of - the inside diameter. The pipe does

0
o

not fail at a deflection of five per cent of the I.D., but there is
. ¥ ’
concern over connections of branch lines, and stress concentration \

a

» ’ . §
effects. : .

Corrugated plastic tubing used for land drainage performs its

water comveyance function quite satisfactorily at deflections of 20

( o per cent of I.D, or more, Since it is obvious from the geometry that

t
4
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the tubing will.gain much more support from the soil as it deflects

from 5 to 10 per cent I.D., it seems realisti«:: and safe to base the . .
factor of safety for load carrying capacity on t‘r;e supportit:g strength

at 10 per cent I.D, deflection. Standards for plastic drain tubes do

not need to contain a complete- range of load defle“ctions{, but should

contain the values of stiffness obtained at 5 and 10 per cent IL.D.

deflecti6én. The minimum pipe stiffness, F/AY, values allowed by.the

A.8.T.M. Standard F405 and the C.G.S.B. Standard 41-GP~29A are: )

175 kPa at 5 per cent I.D. 'deflection and 131 kPa at 10 per cent I.D.

deflection for s‘tandard'quality tubing and 207 kPa at 5 per cemt I.D.

,deflection and 172 kPa at 10 per cent I.D. deflection for heavy duty -

tubing.

The U.S. Soil Conservation Service standards glso require that
plastic tubing shows no cracks or other signs of failure when loaded

to a deflection of 20 per cent I.D.

Tables C-6 to C~8 and C-1l1 to C~13 show factors of safety for 1

~

200, :250. and 300 mm diameter corrugated plasti¢§ tubes ;;Iaced in
trenches with soil cover depths rangfhg from 0.76 to 9.1 metres)a;d
subjected to live loadingg). H~10 live loading )corres;ponds toJ the load
dutho a truck, tractor or wagoﬁ with a totalh load of 9100 kg (10 tonms),
7300 kg of which is on the rear axle. Live loads-of this magnitude

are about the heaviest which could norxpally be expected to pass over
drain pipes placed in agricultural soils]. H~-20 live loadit;g corresponda‘
to the load due to a vehicvle of 18200 Lg (20 tons), 14500 kg ﬁof_ which -
is on the rear ai:le.. Live loads of this magnitude are éxpected on

¢ -~

public roads and on construction sites.
o
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The dead and live loads to be carried by the tubing are given

&

- in Tables C-3, C-4, C-5, C-9, C-10, and C-11. Values jof coefficient

Cd for use in equatioq 1 to obtain the dead load are given in Table
C-1. Values of Cg for use in equation 5 to obtain the live loads are
given in Table C-2. These values of Cq and C_ are obtained by the

y

use of a graph and table given in Appendix A.

Trench widths ranging‘ from 0.45 to 1.2 m have been used in
'these tables to give the full range of cases which might exist for
var;ious field installat(:ioné. While it "wuldL be hoped that most drain
tubes would be installed with trénchless plows or with trenching
machines which give a grooved .trench bottom on grade and a trench
wi‘dth from 0.45 to 0.75 m, it is recognized that some main drains will

be installed in trenches made with a backhoe or power shovel which

makes trenches wider fthan 0.75 metre.’

The tables have been prepared for tubing which has a stiffness

<

" of 172 kPa when deflected 10 per cent of the inside diameter. Most,

if not all, of the cofmgaced plastic tubes in the 200, 250 and 300 mm
v [

diameter classes are currently manufactured with stiffnesses greater

s \ Y

than this.
For the factor of safety tables, C~6, C~7 and C-8, a slightly
compacted backfill soil condition having a modulus of soil reaction

of 1.4 MPa was considered. A wet specific soil weight of 1.6 g/cm?

(100 1b/ft3 or 0.058 H:/in’) has been- con&idered.' This 18 consistent

with a loose backfi.l]i .

1
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For Tables C-11, C-12 and C-13, compacted fill to 85 per cent
of the proctor density was assumed, which would yield a modulus of

gsoil reaction of about 2,8 MPa. The £111 relative density for this #

case was considered to be 2.0 g/cm® (0.072 1b/in?) and the pipe

R T

f ! \
stiffness values were taken from a laboratory measurement.

The factors of safety have been based on the load, Wt':, J
calculated to cause the tubing to deflect 10 per cent of its inside

diameter. In the WPCF Manual no.9, a factor of safety of 1.25 isg

YR BRI

considered adequate. The stiffness value of 172 kPa at 10 per cent
I.D. deflection was used because this is the value which is required : :

by ASTM Designation F405 fot heavy duty corrugated polyethylene tubing.

: )
Based on these reasonable and conservative restricting i

-

conditions, it can be seen from the attached tables that, if properly

installed, the tubing is safe for all depths of fill up to 9.1 m for

trench widths of 0.9 metres or less. For trenches as wide as 1.2
2

metre, the tubing should not be buried deeper than 4.5 m, unless sand
" or gravel is pldced beside the tubing and compacted, or a tubing &yith

a greater initial stiffness is used.

;
i
i
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VIII. RECOMMENDATIONS FOR FURTHER RES

EARCH

The following topics related to the wotk of this dissertation

considered important for further investigations: :

The development of a deflection measuring device

"tubes, which would provide more precise measures

than the one used in this study.

Measures of loads on buried tubes using pressure

Experimentation on larger diameter pipes.

Experimentation on other beddirg materials and b

‘

for corrugated

" for installations

cells.

edding conditions.
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Figure A~

‘s

STRUCTURAL REQUIREMENTS °

A, v

Il
1
1

X
ma,‘

Kp=0.13
% j
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Y o
/ - g
1 2 k3 ' s 6 7 ') 10 ,

Yalues of cosfficient C,
. Diagram for coefficient C, for positive projecting conduits,

(After WPCF Manual)
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TABLE A-1. Values of load’coefficients,

centered over conduit*

C , for concentrated and distributed superimposed loads vertically

D Mo L

7H 20 70

ar

Ba 01 0.2 03 0.4 05 0.6 07 0.8 09 1.0 1.2 1.5 2.0 5.0

P : ; »

0.1 0.019 0.037 0.053 0.067 0.079 0.089 0.097 0.103 0.108 0.112 0.117 0.171 0.124 0.128
0.2 0.037 0.072 0.103 0.131 0.155 0.174 0.189. 0.202 0.211 0.219 0.229 0.238 0.244 0.248
032 0.053 0.103 0.149 0.190 0.224 0.252 0.274 0,292 0.306 0.318 0.333 0.345 0.355 0.360
0.4 0.067 0.131 0.190 -0.241 0.284 0.320 0.349 0.373 0.391 0.405 0.425 0.440 0.454 0.460
0.5  0.079 0.155 0.224 0.284 0.336 0.379 0.414 O0.441 0.463 0.481 0.505 0.525 0.540 0.548
0.6 0.089 0.174° 0.252 0.320 0.379 O0.428 0.467 0.499 0.524 0.544 0.572 0,596 0.613 0.624
0.7 0.097 0.189 0.274 0.349 0.414 0.467 0.511 0.546 0.584 0.597 0.628 0.650 0.674 0.688
0.8 0.103 0.202 0.292 0.373 0.441 0.499 0.546 0.584 0.615 0.639 0.674 0.703 0.725 0.740
0.9 0.108 0.211 0.306 0.391 0.463 0.524 0.574 0.615 0,647 0.673 0.711 0.742 0.766 0.784
1.0  "0.112 0.219 0.318 0.405 0.481 0.544 0.597 0.639 0.673 0.701 0.740 0.774 0.800 0.816
1.2 0.117 0.229 0.333 ' 0.425 0.505 0.572 0.628 0.674 0.711 0.740 0.783 0.820 0.849 0.868
1.5 0.121 0.238 0.345 0.440 0.525 0.596 0.650 0.703 0.742 0.774 0.820 0.861 0.894 0.916
2.0 - 0.124 0.244 0.355 0.454 0.540 0.613 0.674 0.725 0,766 0.800 0.849 0.894 0.930 0,956

i

* Influence coefficients for solution
equation for vertical stress.
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Newmark's integration of the Boussines%
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Figure B-1

104 ' STRENGTH DESIGN

H20-44 8,000 Lb 32,000 b .
H 1544 6,0001b 24,000 Lb
H10-44 4,000 15 , 16,000 Lb
! 140"
3 ) I3 !
o . ~ la
c W=Total Weight of Truck and Load l° .

I Width of Each Rear Tire Equals 1 Inch per
! Ton of Total Waight of Loaded Truck

03 W . _ 04w + N
¢
100" Clearance &
lood Lorie Width

f
I : '
' \ : . »
! |
l

R e S T o
(2 $a

b I Y 2 o i S0

¢ In the deeign of floors (concrete siabe, steel
grid Soers,and timber floors) for K 20or H 20—810

stend of the 32,000 pound axle shown.
** For slab dasign the center line of wheel shall
to be 1 foot from fuce of cuch (See Art.

|

v et )
~. Shondord N BcdmhhddnomeﬁombK 20 {or H 203 14} loading,
mmau.ooo'rgmumm« of 16,000 th eadh, spoced 40-,-:0..1 be weed,
whidvever produces the gresier siress, instead of the 32,000 | exie shawn.—Reproduced from
Standard Spacificulens wmmw:-:.muo, 1953,

"(After Armco Steel and Drainage Products) N :

[ 3




o

APPENDIX C

e da A

9 -




-

“FABLE C-1. Values of C4 for use in calculating the dead soil load above flexible conduits by Marston's

PRUROFP RN

formula Wc = CdWBch* .
tziﬁgy r Height of cover, H (metres) )
(:g)' . 0.15 0.30 0.46 0.61 0.76 1.1- 1.5 " 3.0 4.6 6.1 7.6 9.1 .
304 0.47 0.87 1.25 1.50 1.80 2.20 2.70 3.20 3.30 3.30 3.30 3.30
, 457 0.32 0.60 0.87 1.20 1.30 1.70 2.30 2.90 3.20 3.20 3.30 3.30
610 0.23 0.47 0.67 0.87 1.00 1.40 1.80 2,60 3.00 3.20 3.20 3.30
762 0.19 0.38 0.55 0.71 0.86 1.20 1.50 .30 2.80 2.90 3.20 3.20
. 914 0.16 0.31 0.47 0.60 0.74 0.95 1.30 .20 2.70 2.80 3.10 3.20
1066 0.14 ’ 0.28 - 0.40 0.52 0.63 0.87 1.10 1.90 2.40 2.80 3.00 3.10
1219 0.13 0.24 0.36 0.47 0.57 0.;9 1.00 1.80 2.30 2,70 2.90 3.00
1371 0.11 0.22 0.31 0.41 0.52 0.70 0.92 1.60 2.20 2.50 2.70 2.90
1524 0.10 0.1% 0.28 0.38 0.46  0.63 0.86 1.50 2,00 2.40 2.60 2.80
1676 N - 0.17 0.26 0.33 0.42 0.57 0.80 1.40 1.80 2,30 2.50 - 2.70
) 1829 . 0.16 0.23 0.31 0.38 0.53 0.74 1.40 ° 1.70 2.10 2,40 2.60
- 1981 0.15 0.22 0.29 0.36 _ 0.49 0.70 1.20 1.70 2.00 2.30 2.50
‘ 2133 0.14 0.20 0.28 0,34 0.46 0.65 1.20 1.50 1.80 - 2.20 2.40

* Based on data taken from line C on graph, Figure 45, page 189, WPFC Manual no.9, ASCE Manual
of Practice No.37, 1969, or the line for Ky and Kj = 0.150 in Figure 4 of «Underground conduits - an '
appraisal of modern research» by M. G. Spangler, Paper 2337, ASCE Proceedings, June 1947. Line C from

which the values of Cq have been calculated is for a saturated loam. Values of C3 will be smaller for
sand ‘and gravel and larger for saturated clay.

%
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f : TABLE C-2. C, values to be used in live load calculations* !
[ ,,‘ . {
Nominal Approximate Height of cover over conduit H (metres) /
. outside
-~ conduit .
- - diameter diameter - H
~ Be 0.15 0.30 0.46 0.61 0.76 1.1 1.5 3.0 4.6 i
: (mm) :
- (mm)

° "200 = 250 0.742 0.454 0.296 0.203 0.146 0.085 0.050 0.020 0.005 |

250 300 0.855 0.525 0.347 0.240 0.174 0.100 0.053 0.024 0.006

) : . :
:é 300 380 1.505 0.610 0,418 0.293 0.213 0.125 0.066 0.030 0.008

* Based on loadlng theory given in WPCF Manual no.9 and interpolations hetween data f¥om
Table XXVI, p. 206, in WPCF Manual no.9.

~ ~
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TABLE C-3. Dead load W, kN/m of conduit length to be carried by
flexible copduits for various heights of soil cover and wet specific
weight of soil of 1.6 g/cm® (0.058 1b/in?)
Trench . . :
Nominal APPTOX. o Height of cover over conduit H (metres)
. conduit
conduit 0.D at
I.D. B * conduit
(mm) c top, B4 0.76 1.1 1.5 3.0 4.6 6.1 7.6 9.1
, - (mm) A
(mn)
\
200 250 457 2.5 3.2 42 53 5.8 5.8 6.0 6.0
200 - 250 610 2.5 3.3 4.4 6.3 7.4 79 7.4 8.1 7
200 250 762 2.6 3.7 46 7.0 8.6 8.8 9.8 9.8
200 250 914 2.6 3.5 4.7 8.1 9.8 10.2 11.4 11.7
200 250 1066 NG 3.7 4.7 8.1 10.2 11.9 12.8.13.3
200 . 250 1219 2.8 3.9 4.9 8.8 11.2-13.1 14.2 . 14.7
250 300 457 2.8 3.7 571 6.3 7.0 7.0 7.2 7.2
250 300 610 3.0 4.0 5.3 7.5 8.8 9.3 '9.3 9.6
250 300 762 3.2 4.4 5.4 8.4 10.2 10.7 11.7 11.7
250 . 300 914 3.3 4.2 5.8 9.6 11.9 12.3 13.7 14.0
250 300 1066 3.2 4.4 5.6 9.8 12.3 14.4 15.4 15.9
250 300 1219 “3.3 4.6 5.8 10,5 13.5 15.8 17.0 17.5°
300 . 380 457 3.5 4.7 6.3 7,9 8.8 8.8 9.1 9.1
300 380 610 3.7 5.1 6.7 9.5 11.0 11.7 1L.7 12.1
300 '380 762 . 3.9 5.4 6.8 10.5 12.8 13.3 14.7 14.7
300 380° 914 4.0 5.3 7.2 12.1 14.9 15.4 17.0 17.5
300 380 1066 4.0 5.6 7.0 12.1 15.4 17.9 19.3 19.8
300 380 1219 4.2 5.8 7.4 13.1 16.8 19.8 21.2 2f.9

1

% ' ! ™
Based on Marston's formula Wc ‘ C decB a4
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TABLE C-4. Live-loads Wge in kN/m of conduit length*’ for H-10 1oad1ng *
or single axle load of 7272 kg (16,000 1b)
!
!
Nominal ﬁpzﬁé Height of cover. over conduit H (metres)
conduit .,g’
\ diameter.
. diameter , &
(mm) T () 0.76 | 1.1 1.5 - 3.0 4.6
200 250 7.2 4.2 2,5 1.1 0.2
250 300 ~ 8.4 4.9 2.6 1.2 0.4

300 380 10.3 6.1 3.2 1.4 0.4 N

% Based on Holl's integration of Boussinesq's formula given in
WECF Manual no.9, p.205, asWgc = Cg EITL' , using an impact factor F of
1.25 for field travel, using L = 0.9 metre, using P = 3,636 kg (8,000
1b), and using C; values froron Table 11.
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TABLE C-5. Total load Wy kN/mon top of a flexible corrugated polyethylene
conduit* for soil demsity of 1.6 g/cm® (0.058 1b/in?) - H~10 live load

~ ¢
Nominal Appr;::-:. 1::;:: Height of ' cover over conduit H (metres)
conduit coon.%u.n: at ’
I.D. conduit :
(zm) (23) top, By 0.76 1.1° 1.5 3.0 4.6 6.1 7.6 9.1°
(mm)
200 250 457 9.6 7.4 6.7 6.3 6.0 5.8 6.0 6.0 ;
200 250 610 9.6 7.5 6.8 7.4 1.5 7.9 7.9 8.1
200 250 762 9.8 7.9 7.0 8.1 88 8.8 9.8 9.8
200 350 914 9.8 7.7° 7.2 .9.1 10.0 10.2° 11.4"11.7
200 . 250 1066 9.8 7.9 7.2 9.1 10.3 11.9 12.8 13.3
200 . 250 1219 10.0 8.1 7.4 9.8 11.4 13.1 14.2 14.7
250 300 457 11.2 8.6 7.7 1.5 7.4 9.3 9.3 9.6,
250 300 610 11.4 8.9 7.9 8:8 9.1 9.3 9.3 9.6
250 300 762 11.6 9.3 8.1 9.6 10.5 10.7. 11.7 11.7
] 250 300 914  11.7 9.1 8.4 10.9 12.3 12.3 13.7 14.0
) 250 300 1066 11.6 9.3 8.2 11.0 12.6 14.4 15.4 15.9 “
250 300 1219 117 §9.5 8.4 1.7 13.8 15.8 17.0 17.5 ’
300 380 457  13.8 0.9 9.5 9.3 9. 8.8 9.1 9.1
300 380 610« 14.0 11.2 9.8° 10.9 11.4 11.7 11.7 12.1
300 380 762°  14.2 11.6 10.0 11.97 13.1 13.3 14.7 14.7 .
300 380 914 " 14.4 11.4 10.3 13,5 15.2 15.4 17.0 17.5
300 380 1066 ' 14.4 11.7 10.2 13.5 15.8 17.9 19.3 19.8
300 380 1219 14,5 11.9 10.5 14.5 17.2 19.8 21.2 21.9

W, = Wc +Wee kN/m of conduit length

. - . ) R R, . P P fen
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TABLE C-6.
based on the load to %ause 10Z deflectlon divided by the total load
likely to occur with H-10 11ve load:.‘ng and heights of cover shown

For conduit F/AY = 172 kPa (25 1b/in?) at 10% I.D. deflection

Factors of safety for 200‘'mm I D corrugated P.E. conduit

soil E' = 1.4 MPa (200/in?)
. : W = 1.6 g/em® (0.058 1b/in3)
Trench Height of cover over conduit H (metres)
width v - ~ , 2
(mm)  0.76 1.1 1.5 3.0 4.6 6.1 7.6 9.1 ,
457 1.54 2.02- 2,23 2.36 2.50 2.57 2,50 2.50
610 1.54 1.8  2.18  2.02 1.98 1.85 1.89 1.8
. 762 1.52 1.89 2,12 1.85 1.70 }.70 /~ 1.52 1.52
. 914 152 “1.93  2.07 1.63 .1.49 L.Ae " 1.31  1.27
1066 1.52 1.89 2.07 1.63 1.44\' 1.25 ‘ 1.16 1.12 ‘
1219 1.49 1.85 2,02 1.52 1.31 ’ 1.13 1.05 1.01
. 4 ~ 3

F/AY 172 kPa at 107 I.D. deflection and soil E' = 1.4

as
'
Wt

F.s. =

N

e et

Loadmg to produce 10% deflection with 200 mm I.D. C.Oﬂéﬂlt having
a; is. est::.mated

0.10(8.0) [0.149(25) + 0.061(200)]
1.5 x (0.10)

84.9 1b/in?), 585 kPa

- W /H_= 8
W/ (W, + W, ) = WE/W, 84.9/wt
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TABLE C-7. Factors of safety for 250 mm I.D. corrugated P.E. conduit
based on the load to cause 10 deflection divided by the total load
likely to occur with H-10 live loading and heights of cover shown <

For conduit F/AY = 172 kPa (25 1b/in?) at 10% I.D. deflection

soil E' = 1.4 MPa (200/in?)
%) = 1.6 g/cm? *(0.058 1b/in?)
Trench ' " Height of cover over conduit H (metres)
width - A
(mm) 0.76 1.1° 1.5 3.0 4.6 6.1 7.6 9.1

ol
'

457  1.66 2.17 2.41 2.47 2:53 2.00 2.00 1.93
610 1.63 2.08 °  2.30 2.12 2.04 2,00 2,00 + 1.93
762 - 1.61 2.00 2.31 1.93 . 1.77 1.74 1:58 1.58 ‘
914 , . 1.58 2.04 2,21 1.71 1.52 1,52 1.36 1.33
1066 1.61 2.00 2.26 1.69 E.47 1.29 5’ 1.21 1.17
1219 1.58 1.97 2.21 1.58 1:34 ‘ 1.18 1.09 1.06

Loading to produce 10% deflection with 250 mm I.D. conduit having
F/AY 172 kPa at 10%Z I.D. deflection and soil E' = 1.4 MPa; is estimated
as

0.10(10.0)[0.149(25) + 0,061(200)]
1.5 x (0.10)

w = 106.2 1b/in?, 732 kPa

, \\stﬂ: W Q) % WL/, = 106.2/%,

~ »”

e

ety s .w;l‘:;-,% LI
- t -
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TABLE C-8. Factors of safety for 300 mm I.D. cort‘uéated P.E. conduit
based on the load to cause 107 deflection divided by 'the total load
likely to oceur with H-10 live loading and heights of cover shown

For conduit F/AY = 172 kPa (25 1b/in?) at 10%Z 1.D. deflection ®
soil E’ = 1.4 MPa (200/in?) , - o
W = 1.6 g/cm® (0.058 1b/in*)

'Trench Height of cover over conduit H (metres)

width

(mm) 0.76 1.1 1.5 3.0 4.6 6.1 7.6 9.1 "

457 1.61 2.05 2.36 2.40 2.45 2.55. 2.45 2,45

610 1.59 1.99 2.28 2.05 1.96 1.90 1.90 1.85

762 1.57 1.93\ 2.24 1.87 1.70  1.68 1.52 1.52

&

(‘ 914 1.55 1.96 2.16. 1.65  1.46 1.45 1.31 1.27

. « 4
1066 . 1.55 1.90 2,20 1.65 1.42 1.25 I 1.16 1.13 :
1219 - 1.53 1.87 '{2.12 1.53 1.30- , 1.13 1.05 1.02

2

-

. Loading to-produce 107 deflection with 300 mm I.D. conduit hav'ing
F/AY 172 kPa at 10% I.D. deflection and soil E' = 1.4 MPa; is estimated
as * . . 4

.

0.10(12.0)[0.149(25) + 0.061(200)] _ 127.4 1b/igt, 878 kPa .
. »

'J -
L 1.5 x (0.10)

- Y - W -
F.S. wt/(wc+wsc) Wc/“: 127.4/wt

O v r e e A UM R el TN F o T RS . ot A8 s - N e s T "“i"*'-':r-‘-:r“"i :;__1& 33
& . ¢
W



TABLE C-9: and'load We kN/m of conduit length to be carried by flexible
conduits for various heights of goil cover*

-

%amiual Appro¥. f:ﬁﬁ;? Height of cover over conduit H (metres)
. conduit —
conduit 0.D at
I.D. B ' conduit
(mm) c top, By 0.76 1.1 1.5 3.0 4.6 6.1 7.6 9.1
(om) d
(mm)
200 250 457 3.0 3.9 5.3 6,7 7.2 . 7.2 7.5 7.5
+* 200 250 610 ° 3.0 4.2 5.4 7.9 9.1 9.6 9.6 9.6
200 250 762 3.3 4.6 5.4 8.8 10.5 10.5 12.1 12.1
20& 250 914 3.3 5.1 6.0 10.0 12.3 12.8 14.0 14.5
200 250 1066 3.3 4.6 6.3 10.0 12.8 14.9 15.9 16.5
200 250 - 1219 3.5 4.7 6.1 10.9 13.8 16.3 17.5 18.2
256 300 - 610 3.7 5,1 6.5 9.5 10.9 11.6 11.6 11.6
250 300 ° 762 3.9 5.4 5.8 10.5 12.8 13.1 14.5 14,5
250 300 914 4.0 5.4 7.0 11,9 14,0 15.2 16.8 17.5
250 300 1066 4,0 5.6 7.7 12.1 15.2 17.9 19.1 19.6
250 300 1219 4,2 5.6 7.4 13.1 16.6 19.6 21.0 21.7
300 . 380 610 5.4 6.3 8.2 11.? 13.7 14.5 14;5 16.5‘
300 380 762 4.9 6.7 8.6 13,1 15.9 16.5 18.2 18.2
kit ) 380 914 5.1 56.7 8.9 15,1 18.4 19.1 21.2 21.7
© 300 380 1066 5.1 6.8 8.8 15.1-19.1 22.2 23.8 24.7
380 1219 5.3 7.0 9.1 163 20.8 24.5 27.3 27.3

300

* . rg - -
Based on Marston's formula W, = Cqv BB,
Cd is dimensionless, Bc and Bd (L)

w for this table is 2.0 g/cm?

[

-
<
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TABLE €-10. Live-loads Wgz—in kN/m of conduit length* for H-20 loading

or single axle load of 14,545 kg (32,000 1b)

Nominal Appr?x. Height Of cover over conduit (metres)
. outgide _
conduit .
. diameter
diameter B
(om) c 0.76 1.1 1.5 3.0 4.6
+ (mm)
200 250 17.0 10.0 5.8 2.3 0.5
250 300 20.3 11,7 6.1 2.8 - 0.7
300 380 24.9 14.5 7.7 3.5 0.9

* Baged on Holl's integration of Boussinesq's formula given in
WPCF Manual no.9, p. 205, as PF

wsp.-—i.-cs :

using an impact factor F of 1.5 for highways and streets, using
L = 0.9 m, using P = 7272 kg (16,000 1b) and C_ values from Table 11.

- uo e Mmgﬂ{&ﬁxa!é; ézrg*l‘
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TABLE C-11. Total load Wy kN/m on top of flexible corrugated poly-
ethylene tubing* for sgoil demsity of 2.0 g/ecm® (0.072 1b/in3?) - H-20

live load
Trench , .
Nominal APPTOX. g Height of cover over conduit H (metres)
. conduit

conduit 0.D at

I.D. 1'5 " conduit

(mm) € top, B4 0.76 1.1 1.5 3.0 4.6 6.1 7.6 9.1

- (mam) -

200 250 610 = 20.0 14.2 10.7 10.2 9.6 9.6 9.6 '9.6
200 250 762 20.3 14.5 11.2 11.0 11.0 10.5 12.1 12.1
200 250 914 20.3-15.1 11.7 12.3 12.8 12.8 14.0 14.5
200 250 1066 20.3 14.5 12.1 12.3 13.3 14.9 15.9 16.5
200 250 1219 20.5 14.7 11.9 13.1 14,4 16.3 17.5 18.2

250 300 610 24.0 16.8 12.6 12.3 11.6 11.6 11.6 11.6
250 <300 762 24.2 17.2 13,0 13.3 13.5 13.1 14.5 .14.5
250 300 914 24.3 17.2 13.1 14.7 14.7 15.2 16.8 17.5
250 300 1066 24.3 17.3 13.8 14.9 15.9 17.9 19.1 19.6
250 300 1219 24.5 17.3 13.5 15.9 17.3 19.6 21.0 21.7

300 380 610 30.3 20.8 15.9 15.2 14.5 14.5 14.5 14.5
300 + 380 762 29.8 21.2 16.3 16.6 16.8 16.5 18.2 18.2
300 380 914 29.9 21.2 16.6 18.6 19.3 19.1, 21.2 21.7
300 380 1866 * 29.9 21.4 17.2 18.6 20.1 22.2 23.8 24.7
300 380 1219 30.1 21.5 16.8 19.8 21.7 24.5 27.3 27.3

*Wt - Wc + wsc kN/m of conduit length
*_-auw
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TABLE C-12. Factors of safety for 200 mm I.D. corrugated P.E. conduit
based on the load to cause 107 deflection divided by the total load

likely to occur with H~20 live loading and heights of cover shown
For conduit F/AY = 201 kPa at 10%Z I.D. deflection

goil E' = 2.8 MPa (400/in?) compic?ion 85% Proctor max.

Trench Height of' cover over conduit H (metres)

width ’ : -

(om) 0.76 1.1 1.5 3.0 4.6 6.1 7.6 9.1
610 1.34 1.89 _2.‘51 2.64 2.78 - 2.78 ' 2,78 2,78
762 1.32 1.85 2.39 + 2.43 2.43  2.55 , 222 2.22
914 1.32 1.78 2.28 2.19 2.10 2.10 1.91 1.84
1066 1.32 2.39 2.22 2.19 2.02 1.80 1.68 . 1.63°
1219 131 183 225 204 1.87  1.65 1.53  1.47

Loading to produce 10% deflection with 200 mm I.D. conduit

having F/AY = 201 kPa at 10X I.D. deflection and soil E' = 2,8 MPa; is
estimated as ' T )
W om 0.10(8.00) [0.149(29.2 + 0.061(400)] '

t — 1.5 x (0.10) /

- Y = W o
F.S5. Wt/(wc + wsc) thwt » 153.3/Wt :
12
)
b u -— ¥

' B
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TABLE C-13. Factors of safety for 250 mm I.D. cori’ugated P.E. conduit
based on the load to cause 10% deflection divided by the total load
likely to occur with H-20 live loading and heights of cover shown

For conduit F/AY = 172 kPa at 10%Z I.D. deflection

soil E!' = 2,8 MPa (400/in?) compactidh 85I Proctor max.

Trench Height of cover over conduit H (metres)
width

(mm) 0.76 1.1 1.5 3.0 4.6 6.1 7.6 9.1

610 1.37 1.95 2.60 2.68 2.84 2.84 2.84 2.84

762 1.36 1.91  2.53  2.46 ' 2.43 2,49  2.25  2.25
914 . 1.35 1.91 2.50 2.23 ,2.23 2,10 1.95 1.8

1066 1.34 1.89 2.44 2.06. 1.89 |, 1.67 1.56 1.51

1

8 Loading to produce 10Z deflection with 250 mm I.D. conduit
having F/AY = 172 kPa at 10Z I.D. deflection and soil E' = 2.8 MPa is
estimated as

o - 0.10(10.0)[0.149(25) + 0.061(400)]
1.5 x (0.10)

1
wt

= W = -
F.S. wt/(wc+wsc) w;:/wt 187.5/wt

A
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TABLE C—14. Factors of safety for 300 mm I.D. corrugated P.E. conduit
based on the load to~ cause 107 deflection divided by the total load
likely to occur with H-20 live loading and heights of cover shown

4

\

For conduit F/AY = 243 kPa at 107 I.D. deflection

= 2,8 MPa (400/in?) compaction 85Z Proctor max.

soil E'
Trench Height of cover over conduit H (metres)
4 width . e ’\
(mom) 0.76 1.1 1.5, 3.0 4.6 6.1 7.6 9.1
610 1.37  1.99 2.61 2.73  2.86 2.86° 2.86 2.86
762 1.40 1.96 2,55 2.50 2.47 2.52 2.28 2.28
914 1.39 1.96 2.50 2.24 2.16 2.18 1.96 1.91
1066 1.39 1.95 2.42 2,24 | 2.06 1.87 -1.74 1.68
12_19 '1.38 1.93 2,47 2.10 1.91 1.70 1.52 1.52

£y

Loading to produce 10% deflection with 300 mm I.D. conduit
having F/AY = 243 kPa at 10% I.D. deflection and 3011 E'= 2.8 MPa;
is estimated as

0 10(12.0) [0.149(35.3 + 0.061(400)}

W 237.3 1b/in?, 1.6 MPa

t 1.5 x (0.10)
F.S. = w,':/(wc + wac) - w":/wt - 237'3/“1:
w o
*

- g
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