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,ABSTRACT 

GI LLES FERNAND BOLDUC 

THE CAPAC lTY OF CORRUGATEO PLASTI C TUBING 
TO'SUPPORT EARTH LOADS 

Agrl cul tur' 1 
EngJnéerlng 

Deflections of corrugated plastic tubes instal1ed at depths varylng 

from ~.9 (to 8'.~ metres were meé)SUred over 'a, p,erfod of four yea~s. 

Tub 1 n9 varf ed from 80 mm to 300 mm '1 n di ameter. 
1 • 

, , 

The 80 mm and 100 mm tubes suffered excessiVe deflect~on for fï11 
- - . 

depths greater than 3.5 Metres. The 150 mn. 200 mm and 250 mm diameter 

tubes carried the' maxÎmum depth of fill of.8.2 Metres satlsfactori ly. 
, ' 

The 300 11111 êtla~eter tubes showed deflection of, 20.2 per cent for fi Il 

of 5 .. 0 metres and 31.1 per cent for fil1 up to 8.2 metres. 
\-

Deflection was re.1ated to bedding condition, stlUness of ,tubJng a-nd 

10ad on the condu i t. 
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ljeSUME 

( , 

M.Sc. GILLES" FERNAND BOLDUC . ~nie Rurâlè 

LA CAPACITE PORTANTE DES TUYAUX DE PLAS'UQUE ONDuLE 
SQNS UN REMBLAI 

. 
L'affaissement de tuyaux de plastique ondu1b, instal1&s SOU8 'uJl 
~ , , 

remblai variant de 0~9 à 8.2 m~t1'es, fQt mesurh sur une p~riode de 

quatre ans. Le diamlere' intérieur des tuyaux variait entre 80 !DIlI et' 

300 mm. 

Les tuyaux' de 1.80 IJItI1 et ·100 mm subirent un affaisS$lIl~nt trls pro­

non~' 80US un remblai de plus de 3.5 ·~tres. Les tuyaux -de 150 mm, 

200 DIlI et 250 mm ont suppord la charge sous un remblai de 8.2 mltres 

de façon sati8fai~nte. Un tuy~u de 300 mm s'est affaissé de 20.0 

pourcent SOU8 un remblai de 4.5 mltres et ,Àe 31.1 pourcent SOU8 un .. 
'~emb1ai ,de 8~2 m~tres. la moyenne de 1 t affaissement pour les tuyaux 

" 

, de 300 IIID se si tue à 14.1 pourc~nt à 4.5 mltres et '2-2.4 pourcent i ~.2 

~tres. r '1 
1 . 

- . La prEparatiôtt ~u lit, la. rigidité élu tuyau ain,ei que 1f ~harge 

sur ce derni~r furent ass'oci's à l'affais.sement,' . , , 
Il' 
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l • INTRODUCTION 

, 1 

Hundreds of thou~ands of kiYometres of corrugated plasti~,drain 

tublng have been installed at deptQs,of 0.7 td two metres for farm 

drainage ~ith good success. Howevèr, when applications which require 
, , 

tubing to be installed at depths,greater than two metres are èonsider~d, 
! 

many designers, ,specification writers and manu,facturera are uncertain 
i 

whether to use standard c~rrugated plastic tubing, or whether tubing 
• f'1 

with thickèr walls should be speçifd.ed. tpêre ,are no well documen~ed 

cases of the performance of corrugate6 plastic i~stalled deeper than' 

t107o metres. 

Some applications requi,ring tubing at greater depth are: 
) rli" 

drainage ,around the footing's of deep fo~ndations, drains passing under 
, 

highway embankments, toe drains f~r dikes and dams, drains for ,mine 

". tailin~ pil~s"city. dump,and landfills; drains under building floors 

and storage piles~ dewafering drains ~nd,r sewer and water Hnes, and 

some deep'ly placed ~ommunicatiort8 wire conduits. 

, Recognizing the need' for ,installation of corrugated plastic' ' 

, 
0 

tubing with pep th of installation increasing up to at least seven 

metres," the CPTA aùthorized the installation and study reported, herein. ' 

'1 

r' " 
." 
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Objectives 
\ . 

, " 

The objectives of this work were: . ' 
1. Ta install,tubing, in an accessible 'location, with depths of 

. " 

backfill ranging from zero, ta at least seven.metres. 

2. 
. .., 

Ta measure the inside d~ameter along the length of the tubing 
.. ' 

dudng in,sta~lation, and f7'0m time to time after installatibn,. 

3. To try ta· de,termine whether;the' reduction in inside diameter $ 

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

soi1 above·the tubing. 

,,,,., 4. To dete~ine whether'there ts any long term ereep def1ection of 

tbe tubing. ": 

'5. To use tubing in standard aizes available from 80 mm to,3d4 mm 

(three ta 12 inches),I.D. 

Seope limitations 

. , 
1 •. FiU depth wU limited to 8.2 metres because of the costs hvo1ved -

i~ going to gr~ater depths at the available experLœental site. 

2., Commercial1y availab1e corrugated tubing wes used. It was nat 

feasible to obtain tubing with a specifie stiffness rating. 

-3. It was beyond th~ allo~ed budget to develop a def1ection measur~n~ 

device. 

• 

.. 
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II • REVIEW OF LlTERATYRÊ 

o A~ Tlieory of load on underground conduits 
" 

/ , 

Since,the beginnins of the twentieth bentury, res.arch on the 

Loading of underground conduits'has been carried on by engineering " , 

organizations'-an~ individuals. Serious efforts have been made to 

analyse external loads an~ earth pressures to which underground 

conduits are subjected. 

1. Load élassïfication of underground 
conduits 

1 

Underground conduits are classified according to their'dègree 

of flexibility. For instance, conduits such as 'alb~stos-cement, 

'concrete, ,cast iron and clay are consider,ed rigid, whereas corrugated 
-

metal, thin wal~ed steel pipe and corrugated plastic pipe are 

classified as fleXible pipe. The princ'ipal load-supporting ability of 

rigid conduits lies in the inherent strengch or stiffness df the pipe 

whiJle flexiblè conduit relies ~nly partly on the inherent strength of 

tle,pipe when resisting external loeds; that is,' the flexible,pi~e 

mobilizes t,he soil pas,Sive rtsistance' to give support to the pipe as 
, 'r, ' , 

" the horizontal diameter and deflection of the' pipe incre'ase. ~n ' 
. 

, addition, underground conduits are classified according to the con-
• ' , ~ • • 1 

" struction conditions under which they are installed. !breé main 

3 

-' 
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classes charact~rize the c~~st~ction' ~oqdÙions; ( the se 'a,re ditch' . 
, ",: J... ... • 

, .a ~ ..... _ 

conduits, projecting conduits and negative projeç~ing condui~s. 

Ditch conduit conditions apply to structures insta1led and 

buded in narrow trenches in 're1atively passive and undisturbed' soils. 

The imperf~ct ditch method of constr~ction changes projecting conduit 
, , 

'conditipns to ditch conduit conditions by means ~f t~ping the sail on 

" both sides -and abave the conduit for some distance. 

Pro,jecting conduit cônditions apply to structures instaited in 
~ , 

s~aliow bedding, with the top of the conduit projecting above the 

original soil surface. Conduits installed in trenches two or three 
q < 

times larger than the horlzontal bre~dtn of the conduit ,are ~onsidered 
, -

te be in projecting c'onduit conditions'-

~~~ 

N~gative projecting conduit condi'tions apply te structures 

, \ 

pl~ced in'shallow ditches with the top of the conduit below the natural 
, , 

ground surfaee and covered with an- embankment above thià ground level. 

The t'erms cditch c~~duit,· imPerfect ditch, projecting and 

negativ~ projecting'co~duits' have become 

eng~neering terminology. These terms aré 
<1/ 

established in ~l '~ r­
identified iq the ~. 

Manual no 9 and are i11ustrated in Figure 1. 

2. Loads due to fill materiAls 
\ 

There WaS no rational method, prior to 19QO, ta characterize and 

datermine the magnitude of the lO~1 on underground conduits due to 

earth overburden and other load soutces. In the' early years of the 

" 

, f 
\ 

... ~ 
1 
j , 
! , 
1 

t , 
! 
i 
l, 
,] , 
1 
\ 
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\ CLASSIFICATION OF CONSTRUCTION CONDITIONS 

<I! 

~ 
FOR DETERMINATION OF LOADS ON CONDUITS 

10 , 
. 
t:l ?> 

TRENCH •• EMBANKMENT 
, . 

TOP NATURAL 

'" 

1 
POSITIVE 
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Figure 1. Classif!cation of construction conditions 

'" 
" 

,11<> ~+: .. ~~""~-.r~ 
r' __ ~. ~ , ... 

t 

NEGATIVE 

PROJECTING 

TOP 

EMBANKMENT 

D
I 

':::!tl!::;:l::;::;;r 

~
.~.: .•. ~~~~}){: ~ -

\ • iII • 

TOP , -, 
NATURAL 
,GROUND 

l 
IMPERFECT 

TRENCH 

TOP 

EMBANKMENT 

\\\~\l~l\lj\~lji!l~i\l~;~~~~\\l~ 

) 

• 

4 

• 

VI 

" é 



, , 

, .. 

,( 

( 
", 

'.~' --- y 

r , 

II> 

'twenti~th 'c:ntury the Marston theory (Spang1,~ and Hardy, 1973) ~aS 

deve10ped ana, ainee t~en, IDUch loading resé~ch: bas vedfied the 

V1/4it~ of th~s approac,h. 
,-:t ' 

, The basic <;,ancept of ~he Marston theory for ditch conduit ia 
, ' 

that, as t:he fHl mat,eria1 settles, into the ditch, friction forces 

which act upwar'd _deve1op between the s~d~ of th~ ditch. 'and the filt 
, , 

material, enating an arch, action that'helps to'support the sail 

backfill. Therefore; the ,load'on the pipe ia iess than the total 
, 

weight of the soil column", ab ove it.' This concept is, based on the 

! 
j' 

, ' , 

~s8umPtion that the fill density ia less than that of the original ~ 

soil. 'Aceording ta th~ theory, the load on the condui t for' the case o~' 

flex~ble ditch conduit is given by the following formula. 

where 

. . . 
Wc la the dead load FL-1 of conduit length ta be carried by 

the'flexible conduit ,j 

Cd i8 ~ loading coefficient ~ependent on depth of ba~fi11, 

wi,dth of trench and type of ioil o 

y i8 the specifie weigbt of backfill sO~l~ PL-3. 

Bc i8 the outsidé diameter of the conduit; L 

Bd i8 the width of the trench, L 
~ 

In thi. case it 18 assumed that the side fill~ have been thoroughly 

tamped and have ~saentially the same d~gree of 8tiffness as the pipe. 

, Marston's theory includ~8 also the case of projecting' conduit . 
condÙions and the equ~ti'on that applies to su ch condit'ions is g~ven 

ln the following form: 

1 

/ 
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W II!' C _yB2 
ccc .' ; (2) 

whet:,e 

W:C 
is the load on the condui.t in FL-1 of conduit length to 

be car~ied by the fléXibl~conduit 

C '" 18 a'loading coefficient dependent c on the dep~h of b~kf;ll; 

typ~ and outside ~idth ~of conduit and soil conditions 
J ,'. ., 

is the specifie weight ~f backfill soi~,'FLÇJ 
BC lB the 6utside di~eter of the conduit~ L 

In order to determine the value of the loading çoefficie~t', two 

factors a'8sociated with the conditions under which the conduit is 

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

settlement ratio, rad. The projection ratio, p, is defined a~_the 

'" ratio of the distance that the top of the conduit projec~B ~bove th~ 

adjacent.natural ground surface or the top of the thoroug~ly compacted 

filt to the vertical outside height of the conduit. 

The settlement ~atio iB defined in WPCF ~nual·no. 9, by the 
-

following relationship; 

where 

r • sd 

S m 

(8 + S ) - (Sf + de) m· g 
S m 

i8 the Bettlement ratio 

• • (3) 

i8 t~e sètt\ement of the natural ground adjacent to 

the con~u1!i: 

1 • ' is the compression of the columns of soi18 of belght 

pB c 

\ . 
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(s + S ) is the settlemeni of the critical plane' 
,m g 

d is the vert,ical deflection of the conduit 
c 

Sf is the ,settlement, of the-bottom 

'(Sf + de) iB thé" settlement of the top of 

rThe WPCF-' Manual no" 9, rJ!commends the 

values for 'flexible ,conduits: 

.. 
Soi1 conditions 

Poorly-compacted side fills -0.4 to 0 

Well-compacted side fil1s o 

3. Surface load~ 

, 

design 

• ù 

Underground conduits verY often are subjected to loads other 

than the filling material. -'Traffle and piles of e'onstruction materiais 

at the surface transmit their loads through the fill material t? the 
- , 

underground structure •. These loads can be coneentrated, as in the case , , 

of truck wheels, ~r unif~rmly distributed, as in the case of piles of 

" const~ction material~. The effect is greater for sha1low eovering, 
-t; 

, , 
but dissipates and spreads rapidly as.the dept~ of cover increases to 

1.2 metre or more. 

- According to Taylof (1948), aoussinesq, in 1885, obtained a 

genrral s9~ution of,the elastlc equations under a point load that was 

applied to a semi-infinite'mass. Sprangler (1947) reported that 

Griffith was one of the first to suggest ~he applicability 9f the ~ 

Boussinesq solution to problems of transmission of stress through, so~18 

and that he-had developed a generalized exprassion for the intensity of , ' 

8 
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vertical pressure in a soi1 .,., mass due tOI-a' c,oncentrated surface load 

'in the form: 

where 

1/ 

v+2 ' 
p V' cos e 

z • 2n PfI Z2 

-, ; Il 

• . .'. (4) 

. ...... 
, - " - ~ 

P' ia the 'intensity of pressure at râ pP.f.n,t in' the soil mass 
z /,..,. \ 

Po is the concentrat~d load app~ie~ at.a point on the surface' 

e : is' the angle formed with the verticàl by the radius vector 

from the poil'lt of appHcation.of the surface load to the 

point consid'ered 

Z ia the vertical distance from the surface to the point 

'v is a concentration or dispersion factor. 

Holl's~integration of Boussioesq's formula for concentrated load 

is presented in WPÇ,F Manual. 00. 9 in" the following form: 
, / 

w • c !!. sc S L 
(5) 

wher,e 

- -1 Wsc la the 'live load ~er unit 'conduit length, Ft 

ia the loadiog coefficient pbtained 

ia hal; axle load, F 

,F "ia the i.mrfaact factor of 1. 2S for field cravel or, 1.S for ~ 

highways and streets 
, 

L is the effective length of conduit over which live load 
\ ' 

acts, normally t~en as, 0'.9 meter. 

For ~he case of a super'imposed loadodist~ib~ed over an area OP -

considerable ~xtent, the formula is: 

,,' 

9 

ot, 

• 
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C pFB , 

s c,\) 
. . " . . . (6) 

"". 
where 

• "'1 is ,the 10ad per unit conduit lengtlf, FL 

p 
j 

'i~ the intensity of distributed load, Ft -:2 -

F is the impact factor 

B is c the width of the condui t. L 

'C is a loading coeffictent. s 
" 0 
l) D 

'lj 

4. Deflection 
(' 

Some re~earch has been done to éstimate th~ def1ection of 

f~exible underground conduits. Flexible conduits fail by exce~sive 

~eflection as opposed to rigid conduits which fail by rupture of the' 

pipe wal1s. Flexible pipe resista~~e to deflection is ~ function of 

both·the inherent strength of the pipe and its surrounding soil. 

Spangler (1947) presented the following equation for deflection. 

where 

lU: 

D e 

K -

Wc 

W.c 

r 

E 

is 

is 

ia 

is 

(DeKWc + KWsc:)r l 

E l + 0.061 E'r' 

" 

the horizontal deflection 

t~ deflection 1ag~actor 

the bedding constant 

the dead 10ad on tbe conduit, 

is' the live 'load on the conduit, 

FL 
-1 

' -1 
Ft 

is the mean.,radius of the conduit;, L' . 
-2 ia th~ modulu8 of e1asticity of the conduit, Ft 

~ 0 

\> . 

(7) 
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, t 

l ia the second moment of area of the conduit per unit 

length, V 

Ê't ia the modulus of soil reaction, FL-2 

\ 

. 
, . 

Usuall vertical rather than horizontal deflection ia measure~ 

in the field. How ,~(1977) states that the ratio between the vertical 
. 

and?orizontal diamete changes 8S 8 circular seetioq deforma 

elliptically, and gives th fo11owing re1ationship: 

LU - 0.91j!lY . . . 
The product El represents ,the esistance of the conduit ta 

deflection, and, for a specifie condui~ll shape, El can be 

determined in the laboratory with parallel plate'loading and the 
1 

1 .1 

Spangler (1973) equation. ~ 

El 

where 

llY is the vertical deflection, L 

Fis' the vertical load/unit length on conduit, FL-I • 
j;kw.!:=-..:-=--," 

~~ --~,' .;. 

Figure 6 provides a definition sketch for the terma involved, in the 

measurement of pipe stiffness and deflection. 

Putting equations (7), ,(8) and (9) together yields: 

~x -
(D KW- + KW )r' e e sc 

0.913 ~y • F 

(8) 

," 

(la) 

11 

'O,\f 

O.149(AY')rS + 0.061 Err' '" ". 
which ~implifies ta: 

D KW + KW 
llX - !lY • 

e c sc 

0.136 if + 0.056 Et o 
• (11) 



" 

( 

\ 

./ 

. , 

The expression is applic~ble to the investigation of plastic drain 

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

values for the modulus of soil reaction and uncertainties in thé 

values of the deflection lag factor, De' 

Howard (1977) stated that f~r a given degree of compaction and 
'. 

soil type, the soil passive resis'tance varies. While Spangler (1973) 
.. 

recommended a value for De of 1.5 to'be used 'in the equation, Fenemor 0 

Q 

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

Shafer (1947) stated ~hat the fle~ible pipes :dnder ext-ern~l loads 

continue to function structural1y until the deflec;tion "results in a 
, 

concave curvature of the top or bottom of the·pipe. He recommende~ the 

safe maximum.deflection as 20 per cen~ of th,e vertical diameter and 

using a conservative factor of safety of 4, estab1ishèd the design 
D , 

deflection at 5 per cent. 
J ,"7 

McCandless (1974) studied deflec:tion for tub.ing itistaÙed at 

depths less than five feet in different types of soi1s and found 

def1ections in the order of lS,per cent. Tubing in s~ndy soils 

general1y showed less deflection, which hé attributed to the tendency 

of sand to f1o~ ar~und the pipe ~~~ing blinding operaçions, thus 

pr~viding better quality bedding and more 1ateral sup~~ 

Schwab and Drab10s (1975) reported an average overall maximum ' 
. , 

def1ection of 1~.2 per cent for farm sites ~hey investigated. The 

size~ ~f pipe inspected were 250, 300 and 380 mm diameter. They also 
• 1 \ /.\ • ." \ 

found, from field tests that 80 per cent of the de~lection occurred 

during the first two years after installation. 

" \~ 
\ 
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,Drab1os and Schwab (1972) and Drablos and Wa1ker (1976) found, 

from eKtensive sampling of farm drainage tubing insta11ed at depths, 

less than 1.4 metre, that Many 100, 125, 150, 200 and 250 mm diameter 

. tubes had ~lectfons in excess of 25 per cent and means were from 20 

to 26 per cent for tubes with stiffness greâter than 125 kPa. The 

13 

t~bes did not collapse and continued te carry water. \ 

\ 

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

cent r~8pectively for pipes buried in narrow and wide trenches at a 

depth of 1.4 metre for sizes of 150, 200, 2~0, 300 and 380 mm in 

-diameter. 

-
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III. MATERl;ALS AND METBOnS 

1. Field ~xpe~iment 

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

Table 1 were installed in the side of a hill on the Macdonald Co1lege 
~ 

Farm. This arrangement left the tubing a~cessib~e for many years, used 

a ~inimum areà of land and, reduced é~rth-moving costs compared with 'Some 

other arrangements. One end of the tubing rémained open for me~surement 

access, while the ather end was buried at the mqimum depth. Figures 2 

and 3 show the profile and the front view of the hill wit~ the tubing 

installation. 

Excavation of the hil1side started on 15 November 1976, using a 

power )p0vel and a Caterpillar 955 crawler tractor for pushing tlle soil 
,1 -

aside. ,The excavation was done in two cuts: the fint, 4.5 metres deep, • 
and th~ second, 3 metres deep. The soil On 'the hill consisted ,of about 

, 
1.2 metres of sand underlain by a soft sticky blue clay which made 

excavation and soil removal difficu1t. The excavation finish~d on 

1 December 1976. The eut measured 28 ~res wi~e and 24 metres bac~ 
into the hill. The maxilnum depth was. 8.2 metres and the s ide slopes , 

" were about one to one. '~ 

,_- --Five lÏnes were insta11ed in the bottom of the excavated area 

to a depth of approximately 0.75 metres using a Buckeye trencher (see 

Figures 2 anc!'3). These included 'three 100 lIID I.D. perforated fi1ter 

14 
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TABLE L Manufacturer, material and stiffness of tubing used 

= @ 

Actual diameter Stiffness 

Manùfacturer Materisl 5% 10% 
lnches DIB - . deHection deflection 

(kPa) (kPa) _ 

3.15 80.1 Daymond !-otd. > PE 25,5 192 
- ---

3.98 101.1 Drainbec Lt' PE 298 228 
. !,'\ 

l 
4.00 101.6 Hercules Canada Ltd. PPR 288 233 -------
6.05 153.7 Big co. Plastics Ltd. PE 210 173 

8.15 207.1 Big cO, Plastics Ltd. PE 265 Q 201 

10.07' 255.7 Advanced Drainage Systems PE 283 220' 

ll.80 299.7 Universal Plastics Inc. PE 283 . 231 
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FOR THIS VIEW SEE FIGURE 3 
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Figure,2. Prorile of hill with tubing installation. 
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FOR' SECTION A-A SEE FIGURE 3 

Figure J. Front vlew of tubing installation. 
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wrapped P.E. and two 200 mm LD. non-perforated P.E. Hnes. Original. 

plans called fo'r fou;, Hnes of ea<;h type, but the Surface was too soft 

for the trencher to continue. Thèse five lines were p1aced on the 
, \ 

clay trench bottom and t.tere bacRfilled t.tith, crushed stone ranging in 
, , 

size from zero to 13 ~ diameter. After cpmpletion of this backfilling, . , , 

, ,an attettlpt ,was made ~o smooth the surface using a ,D7 bulldozer, but 

the soil proved too s~ft to achieve an a~quate result. The surface 

was then left for two' days during whic1.l teoiperatures down to -20 Oc ' 

prevailed, and enough freezing took pla~e ta allow machinery to mave 

and work 'effectively for the ins.tallation of the, upper layer of tubing. 
:il 

A 100 mm perforated filter-covered drain tube was placed slong 

the back wall of the excavated area to aid in drainage. This line was 

connected to the first Line installed at this level which\was also a 
,'-' 

100 mm polyethy1e?e perforated tube enveloped t.tith a fi1ter sock. The 

tubing was installed as,paired lines as sh~wn in Figure 4, uBing the 

following procedure stapa: 

1. A 150 am depth of crusned stone was laid down, compacted and 

smoothed with the Caterpil1a~ 955 crawler loader and a MF 165 

whee1 tracter. 

12. Ninety degree grooves were made in the crushed stone with the 

tractor attachmant and band work. 

3. The tubing was laid in the groovea. 

4. The tubing was covered by band with 150 DID of cru shed 8tone~ 

smoothed and tamped with a motorized tamper. 

5~ A 150 mm layer of sand was placed on top of the crushed stone J then. 

smoothed and tamped. 

18 
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6. One 'and Olle half of sand ~as 'placed loosefill with the 955, 
,< 

metre as 

crawler ~o~der. 
l' 

7 •. Steps 1 tg 6 were repeatd with two rows of tubing at a timeô 

8. After aIl the tubing was installed in this manner, backfilling was. 

done with a D7 bulldozer, by pushing sand ,ahead so that àt least 

three metre13 of sand covered the tubing before it was sobjected 
1 

to the weight"of a bulldozer. 

9. The rest of tbe hillside loading area was filled and graded with a 

cl,ay and sand mixture. 

When :ifftstallation of the- '250 mm tubing was finished, the plug 
) 

~ 
t~st was performed for the 80 mm tubing and it was found that two , ( 
Hnes had been damaged during covering. To provide three replicates, 

one more 80 mm lin~ was installed. For s~milar reasons, there were -, -
alao installed extra Hnes of 100 ~ PPR and 150 mm and 250 mm PE 

tubing (see Figure 3). 

About 0.6 metre of soil was added to the top of the lo~ea 
in the SUIDIIler of 1977 ta smooth out irregularities 'in the filt and to 

'. 

bring the hiUside to its final grade •. The bank was then seeded to 

gras. tO reduce erosion. ~ow ~.tainins ,wall was' buitt in the BUDmer 

of 1977 at· the outlet end of the corrugated tubes 80 that the starting 

point for length mea8ur~nt8 cou1d b~ unified. and the base of the 

dope could be 'kept 8t:ab1e with about 0.6 matre of soil over thE: top 
, 4' 

of the tubes. 
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2. Field measurements 

- The vertical dimensio,n inside th~ tubes was d~termined by 

inserting spherical wooden pl~g ga~~es attaéhed to a ,nominal half-inch 

· . r 
(13 mm) diameter galvanized steel pipe, on which length measurements 

were marked. The plug, sauges were made i~~ameter increments, , as 

sqown i~ Table 2.' Measùrements began w,ith the lai:-gest diimeter 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 

a stofping resis~an~e, then the ~ext smaller plug was inserted, etc. 

Resul ts of each set of measuremen"ts- are ~hown in Figures 8 to 16., It 

must be realized. when looking at the se figures, that the numbers g~ven 

as the maximum deflection are in step increments because the plug 

sauges have step increases in diameter. The actual dèflections Along 

Any tube will be between the amounts indicated by the last two pe~­

centage numbers; that is, between the deflection indicated by the 

plug which goes through and the plug which does n'ot SO through. lt 

~as no~ed that the plug.gauging giv~s rather coar~e measurements. 

~so, it would be possiblè for the plug t~; b'e 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 bette7 precision.' 

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

, , 
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TABLE 2. Per cent of actual inside diameter deflectioil indicâted by the 
, - - stopping of the plug' , 

1.38 3~.1 
, 2.05 52.1 
2.26 '57.4 
2.49 63.2 
2.80 71.1 
2.88 73.2 
3.00 - -76.2 
3.26 82.9 

, 3.5088.0 
3.61 91.8 
3~98 101.1 
4.54 1l5.4 

, ~.OO 127.4_ 
5.19 131.8 
5.49 139.4 

,6.06 154.0 
6.48 164.7 
7.02 178.3 
7.25 184.2 
7.52 191.1 
7.75 196.8 
8.13 206.6 
8.61 ·218.6 
8.75 222.3 
9.09 230.8 
9.42 239.2 
9.75 ' 247.6 

10.04 254.9 
10.48 266.3 
11.01 279.7 
11.44 290.1 

" 

56.2 
c 35.0 

28 • .3-
20.1' 
11.2, 

- 8.6 

65.5 
48.7 
43.5 
37_.7 
30.0 
28.0 

, 25.0 
-18.5 
12.5' 
.9.6 40.3 

34.2 
24.9 
17.4 
14.2 
9.3 

44 .. 3 
38.7 
36.3 
32.7 45.5 
25.6 39.8 
20.5 35.6 
13.9 30.3 ' 
11.0 28.0 

7.7 25.3 
0 23.0 
19.2 
14.5 
13.1 
9.7 
6.5 

li 3.~ 

" ( 

45.0, 
4P.5

1 

38.6 
36.2 
34.3 
31.1 
27.1 
25.8 
23.0 
20.2 
17.4 
14.9 
11.1 
6.1 
3.0 

1 
l-
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3. kaborator~ measurements 

. ' .. .. . . 
" ' .. 

The particle. size dis tripution& for the crushed stone used as' 

bedding and the sand used as backfill are given,in Figure 5. 

Pipe stiffness was measured i~ the laboratçry with'a paraIle! 

flat plate loading device .las indicated in Figure 6. A ,sWIIlII8ry of the , , 

resules h·given in,Table,l. The ' procedure for the stiffneu test 

• for corru'gated plastic drain tubes is given, in the Canadian Gov~rnment 

'Specification BO,ard Standard' 41-GP-29a' and by ASTM standard F-40S. 

A,prel~ad ia uaed to straighten the pipe and ob tain contact 
, ' 

between the plates and the pipe along the full test ~ength. The load 

ia then applied su ch that the deflection proceeds at a constant rate, 

usually 12 mm p~r,minute, land the .load F, and deflection ~Y, are 

measuréd simultaneously, or obtained directly from a graph provided by 

the testing machine. 

A load-deflection graph for a 200 mm inside diamet~r corrugated 

polyethylene drain tube IShown in Figure 7. The shape of this graph 

la typical of the cor~gated polyethylene tubes of diameters ranging 

from 100 mm to 300 mm which were measured. 

.. 
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IV. RESULTS AND DISCUSSION 

No def1ection large enough to stop the largest suitab1e plug 

gauge was noted on 13 and 15 December 1976 du ring the filling process. 

However, changes were noted in the 1arger 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 an? are presented as 

. "-a deflect10n percentage of the nominal inside diameter in Figure 9. 

The data for the def1ections measured in 1977, 1978 and 1980 are 
f 

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. Some ~ubes had 
1 

ve-ry small additional deflection between 29 April 1977 and 16 September d 

1977. There has been practica11y no change from 16 September 1977 to 

3 November 1980. This shows that more than 90 per cent of the total 

def1ection measured after four years oc~urred during the first year 

after inst~ation. 

Fenemor et al. (1978) defines the lag factor D as: e 
{ft 

max~ def1ection after 5 years 
initial maximum

o 
deflecdon 

(12) 

Data from Figures 9 and 15 were used in equation 12 ta calcu1ate lag 

factor for the 15p, 200, 250, 300 mm I.D. plastic tubes. The mean 
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def1ection at specifie depths for each tubing gro~p of the 8ame size 

was used in th~ ealculations. Results are presented in Table 3. The 
1;; 

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

Since there has been praetically no change in def1ection from 

16 September 1977 ta 3 November 1980, it is believed that the D • . e 

calculated is of the same magnitude as if observations after 5 years 

had be'en used in the calculation. 
J '" 0 l' 

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 ta 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 fin of 1.5 m and more than 28 per cent for greater depths of 

fille The 100 mm tubes placed in trenches suffered less deformation 

and showed a deflection of 18.4 per cent for a fill u~ to 7.5 m, while 

• 
the 200 mm tubes placed in trenchés , have deflected more than 20 per 

cent under a fill of 7~s m. 

The mean deflections for sizes 150, 200, 2s~ 3QO mm are 

given in Tables 4, 5, 6, and 7. They were plotted against depth of 

fil! and are shawn in Figures 17 through 20. Theor~tical deflection 
) 

curves were plotted on the different graphs using values obtained from 

~pangler's equatio~ in arder to see how predicted deflections compared 

with measured mean deflections. 

A lag factor of 1.5'was used in the e~uation :~hiS value 

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

the bedd~g constant for 90° grooves. Based on judgement and o~ 

o , 
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Howard's (1977) soil-description and degree of compaction,of bedding 

for recommended values of E', a value of 1379 kPA (200 psi) was 

adopted to calculate deflection for aIl sizes of tubes and depths of 

fill. A specifie density of 1. 76 g/cm' (110 lb/ft ') was assumed to be 

representative of the fiU material. 

Since the actual construction conditions did: not fit exactly 

one of the construction condition classifications shown in Figure l, 

theoretical deflections were calculated assuming different installation 

conditions. The projecting conduit condition was retained as a 

comparison with measured deflections •. The imperfect trench condition 

produced simi1ar results, althoug~ slightly below those of the 

projecting conduit condition. Equations 2 and 6 were used to de termine 

the load on the different tubes. 

Two'situations were studied: one considered a surcharge, and 

the ather consisted in extrapolating a value of the loadi~g coefficient 

C. In the first situation, for values of H/B greater than 10, a c e 

surcharge was considered. For instance, taking the case of a 200 mm 

I.D. tube having 250 mm O.D., under 7.5 m of fill: 

7.5. • 30 
0.2.5 

Since the W.P.C.F. Manuai no.9 does not provide values for such a high 

ratio, a height of surcharge was determined in,the~ollowing wa~; using 
,~ , 

the 200 mm drain tube 'aa an example under 7.5 m of fille 

~,etting li 
- • 10 B c 

, . 
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Then H ,. 10 x 0,.25. ,. 2.5 m~tres 

and the surcharge i~: 7,5 - 2.5 • 5.0 metres 
, , 

The lo~ding coefficient C for the surcharge was taken from Table s 

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

, 

This metnod of evaluating the load on the tubes yielded 

o 

theoretical~deflections that follow the gener&l tendency of the actual 

. 1'1 5 measured deflect~ons versus depth, curves. For depth of f'~ 1 of 1. m 

the standard procedure was useÜ to find ~ and no surcharge was c 

considered. 

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

curves for the 150, 200 and 250 mm tubes, it can be seen that 
" 

deflection increases rapidly until a depth of fil! of 1.5 m lS reached 

and then aIl three curves show a change in slope. Looking at the 

tqeoretical cUrVes, one sees a1so, a break in increase at a depth of 

1.5 m, although the break ~8 not as drastic as in the case of the 
:7 

actual deflection curves. 

If a value of Cc i. extiapolaeed from the curves in ~igure 49 

of the ~CF Manual no.9, wh~ch is po~sible .ince an r sd value equal 

to zero has been used and there is a d,irect relationship between RIB c 

and C ; then a curve pattern as shawn in Figures 17 through'20 ia 
. c· 

obtained, which ia different from the measured deflection curves. 
1 

1 Loads calculated by the projecting conduit condition with a 

surcharge, yielded a difference between measurea and predict~d 
, , .. 

'deflections within 2;Q per cent o~Ithe ~ubing I.D. at aIl depths for 

----'" 
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the 250 mm tubes. At 4.5 and 7.5 metrès de&p for the 200 mm tubes, 

predicted deflections are within 3.~ per cent of I.D. from the 

measured deflections at aIl depths. For the 15n mm tubes, although the 

predicted deflections faii below the measured ones, the two curves have 

the sam~ tendency. In the case of the 300 mm tubes, predicted 

deflections ~re wi~hin 2.0 per cent of the l.D. from what was measured 

at 1.5 ~nd 4.5 metres deep, but as the depth of fill increases to 7.5 . 
'" 

metres, the predicted deflection curve etays almost constant, whereas . , 

~the measured defl~ction curve keeps increasing steadily. The deflection 

curve of the 300 mm tubes fit~ the predicted deflections calculated 

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

• 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: 

El • 
DKW 

e C 
16.393 [ 0.913 ~Y - 0.149 F/6Y ] no surcharge (13) 

E'. • 
(D KW + KW d) , e c s 

16,.393 [. 0.913 IlY 0.149 F/AY'] • . • (14) 

surcharge included 
(., ' 

The m9du1us of sail' reaction was ca1culated using loads . 

determined hf the positive projecting conduit conditions plus a 
. , 

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

Howard (1977), in hià experiments, 

within each category of bedding hé tried. 

~redicted def1ection using a Mean value of 

observed variations of E' 
But h. r~portà~hat 
E', wa. betvef 0.5 and 2.0 

J 
J 
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pe'r 'Cent of the measured deflection. .The' var'ious types of pipe ,he 

. , 
sunteyed varied in size from 12 -to 180 inches (300 to 4570 'mm) in 

diameter. 

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

size decreases. Although the modulus of soil reaction do~s not have 

any relationship ~Q the d~ameter.of a bur~ed pipe"there seems to be 

some connection. It,may be that' t~e fill material adjacent to the 

t~be,. i.e., 20 mm or so, does not get as well compacted as the material 

farther-away from it, and so the tube'does net receive much support 

from the first two centimetres on each s'ide of the pipe. Although this 
,t 

20 mm doea not seem very much, it should be realized that in the case 
c.. 

of a 150 mm tube, a 20 mm def1ection represents 13 per cent d~flection, 

whereas in the case of a 1220 &m pipe, for instance, it would only be a 

~ 1.6 per cent deflection. 
/' 

Therefore, one can see that ccmpaction is 

more critical for small size 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 increaaing pe~centage deflection as the diameter decreases. 
, 

An int~n~ observation is that the 150 mm tubes, when tested 

between fIat plate~1 8ustained a 10ad of 2.9 kN/m. The ca1culated load 

for 1.5 m of fin is 4.6 kN/m. !berefore, if the pipe can support 2'.9 

kN/m of its'owu, then the 80il's share is 1.7 kN/m. Since the predicted 

deflection was 4.5 per cent for 1.5 m of fiii and the m~asured 

def1ection ~as 15 per cent, then there.ia a 10.5 per cent deflection 

which is not taken into aécount in the equations used to calculate 
'~''I 

c 
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loads and deflection~. At 10 per cent deflection, the tubes took a 

load of 2.3 kN/m when tested between fIat plates. This value ia 

reasonably close ta the 2.9 kN/m load WJ~Ch the pipe was expected to 

carry in the field, considering al~" ...... J:j1~~Juncertainties involved in the 

calculations. Therefore, it se~s probable that the tubes had ta 
1 • 

deflect 10.5 per cent before getting some support from'the adjoining 

soil.- At 4.5 and 7.5 metre depths, deflection diŒ not increase, 
, , 

indicative that an~ addi~opal load w~s absorbed by the sail • 

Similarly, the fIat plate tests for the 200 mm tubes showed 
, -, 

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

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

carried by the. ~oi1. Sinc'e the predicted' deflection is 4.4 per cent, 

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

horizontal deflection before the sail reaction took place. 

'. Another observation is the load increasè at each depth for 

each size of tube. With- depth of- fill increasing, deflections of the 

150, 200 and 250 mm tubes increaséd but at a much slower rate thân' 

that of the 300 mm tubéS. ,The latter-show a nearly co~stant increase 

in defIection with increasing depth. !able r9 gives the calculated 

load for each size of tube at three different d~pths. The values shawn ' - ~~ 

are the sum of a de'ad 10ad aItd a surcharge. At 1.5 m, the load on each 

size of the tube is incremented by approxim8tely 2.0 kN/m, ranging from 

the 150 to the 300 mm tube's. For depths of 4.5 and -7.5 m, the 10ad 

increment between the 150, 200 and 250 IDID "tubes is of the arder of 5 kN/M. 

Between the 250 and 300 mm tubes, the inc~~ent is near1y double that of 

the others. 
" 
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TUBING AND FILL. PROFILE 
15.1 ft 
4.6 m 

;0 ~ 

H~GHT, ft 10 I! 
H GHT, m 3.3 
DISTANCE,m 0 5 

'1.0. OF .. ~- ...... , ". 1.0 • DEFl.EC TION 
UNOEFLECTED) TUBING 

, 

80.1 mm FE 
(3 in. nominal) . .. 

IQI.I mm PE: 
(4 in. nominal) 

1016 mm PPR 
(4· in. nominal) 

1$3.1 mm PE 
(6 in. nominal) 

207'.1 mm PE 
(8 ln. nominal) 

r 

2!5!.T mm PE 
(10 in. nomal) 

... .. 
299.7 mm PE 

- IJ 
1290"1 

(12 in. no",nol) 

,( 

~ ,Ir 

, 

27 ft 
e2m 

TOP OF FllL. 

20 25 , 
5.4 6.7 B.O 
10 15 20 

EOUAL OR LESS THAN 

. 
r 

34 

82 
25 

PLUG 
P. 

71.1 
11.1 
71.1 

91.8 
9t8 
SlB 

91.8 
1 !!1.8 
91.8 

139.4 
139.41:-. '27.0/ 

~ 
/ 

/ 19L1 

/ I9U 
I9U -- / 

191.1 

. 2~9.2 

. 239.21 
239.2 

. ...1 230.S 

Il 230.8 

.7f ' 266.3 
290.71 

_. 
279.7 

-290.11 -
290.7f 1 

279.71 266.3 
, 266.3 

o 

" 
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tUBING AND 

LO. OF 

HEiGtiT.fI 
HElGHT. m 
DlSTANCE.m 

35 

/' 

27ft 
~8.2~m:.-___ '"l 

FlLL ~ROFIL~~ 
, IS.lft 

4.6 m TOP OF FllL 

.~ 20 25 ~ .. ~~ 5.4 6.7 80 8.2 
o 5 10 ~ ~ 25 

% LD. Da:LEC I110N EQUAL OR LESS ntAN 
UNDEFLECTED 1UBING 

Plug 

80.1 mm PE 
(3 fn. nominal) 

JOU mm Pt; '4 ln. nominal) 

207J mm PE 
(8 ln.. nornlnal) 

2S5.7 mm PE 
UO ln. "oninal) 

299.7",", PE 
(12 ln;, noninan 

~ 

~---------+--------------------~----~~2 
~-------+----------------~---'"*1J.2 
~--------+------------f----~'ïIL2 

~---------+-------------------~----~a6 
1----------1_------------------~~~a6 
~--------1_----------~------~--~~& 

~--------~------------------~----~9S 
~--------1-----------------~~--~a& 
~--------~------------------~--~~6 

1 
9.S 

1------_+----~--------_+__t9._5 l-t 114 
~---------+------------------~----~,~! 
~---------+-------------------+-----~93 
~--------_+----------------_+_----~7.7 

1----------~-------------------+----~7.7 1------10------------, ---+---tl7.7, 
o ' 

1----------~------~----------_+----~~7 

1----------~----------------~~--~a5 I _________ -Io ________ ~----------r_~l--~~ 

1----------~----4,6 __ ~~~I-----------+---~~a1 
1-----------+--------------------~&5 __ :RI~a7 
1----«8.113.0 1----:-------tl6.7J---I III 

, ~01------~---+~--~67 
1---~'aol)---"'""":""-----.. 6.71--t----tlILi 
I------~~MI u 

.... 

1 
1 
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TUBltlG AND 

• HEIGHT. ft 
HEIGHT. m 
DISTANCe, m 

, 1 

27 ft 
82 m 

FILL PROFJLE~ 
IS./ fi 
4.6 m'" TOP OF FILL 

~ ·20 
/. ~3 ~ 5.4 67 
o 5 10 r5 

25 
ao 
20 

36 

2 
82 

I.D. OF ". 1.0. OE:FLEC TION EQUAt. OR LESS THAN PLUG 
PASSING UNDEFLECTEtt ruSING 

80.1 mm PE 
(3 in. nominal) 

101.1 mm PE 
(4 in. nominel) 

101.6 mm PPR 
(4 ln. nomlnel) 

153.7 mm PE . 
(6 in. nominal) 

201.1 mm PE 
(a ln. nomlnol) 

~5,7 mm PE 
(10 in. norrinal) 

299.7 mm PE 
'(12 ln. nominal) 

. 
12.5 
lU 
12.5 . 
9.3 

ni 17.4 
9.31 .... 

9.31 . 
11.4 • 
17.4 

.. 
l~ 13.9 

7.7 

17•71 .... 
13.9 
13.9 

17.71- 13.9 

r--6.s1 9.71 
. 

~: .1 
14.5 

-6.5 ".7 
'9.71 

19.2 

- :sr 14.5 :.51 9.7f'" 14." 

-3.01 1 14.9 
'3.0 -J""-~--------.. I--+---~14.9 

-3.01 1--. 1 1 1 .f 20~ 2:5.0 _0 14.9 20.2 23.01 31.1 

~------------------------------~~----~. Figure 10. On Z9 April, 1971. ".5 IIIOnths .fter Installation, tublng deflletlon, wc,.. eqlMlI or J ... tNn th. percent 0' th, Inlcl.I f .0 • • tom. The 
vertlca' bu IndlclCIS the pllc:e ","'re the pluV ,IUVI st&pped. Th, 

o fI"11 c:ohlllll'l .Indrclt~' th, pluV whlc:h ",ont alf- thl ", • .,. 

. \ 

• 

". 
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TUBING AND FILL PROFILE 
I~.I ft 
4.6 m 

HEIGHl'. ft 10 ~ 20 

TOP OF FILL 

25 

27 ft 
82 m 

37 

, 

, 

1 

HElGHT. m Â-3.:3 5.4 6.7 8.0 82 
DISTANCE. m 0 S 10 I~ 20 25 

-
'1.0. OF -1. 1.0. OEFLEC moN EQUAL OR LESS THAN 
UNOEFLECTED TUBING 

/ 

80.1 mm .PE 
(3 ln. nominal) 

A 

10/.1 mm PE 
(4~in. nominal) 

101.6 mm PPR " 
(4 ln. nominal) 

1S3.1 mm PE 
... 31 ~4104 (6 11'1. nominal) 

,.31 9.3 -

" 
207.1 mm PE i7.7 1 

(8 ln. nominal) 7.1 
7.7f-, 

7.71 
2".1 mm PE -.&.519.71 , 14.51 

14.51 ' (10 ln. noninQI) 86..5 1,.7 9.71 -6-' 
6.5 19.7 1 

299.7 mm PE 8a.0 l:::i 
/20.21 14.91 (12 ln. nominaJ) 13.0 

&20",1--3.0 

- 0114.91202 123.01 '-' . 
'I,ur. U. On 16 Sept"""r 1'77. , _th. Itt.r Inltilluion. tublng defl.celon, 

_ra .qua' "or 1 ... thatt the percent 0' th. InItiai I.D. sholm. Th. 
wl"tI~1 bu Indl~t .. the pllce wh.re the}plug ,.uge stopped. The 
final colc.n Indlc~t.1 the plu, whlc:h went~.1 1 th. way. 

PLUG 
PASSIN 

J 

12.5 
lU 
12.5 

9.3 
24.9 
17.4 
17.4 

13.9 
13.9 
13.9 
13.9 

19.2, 
19.2 
1415 
14.5 

20.2 
23.0 
23.0 
31.1 

G 

\ , 
1 
1 
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TUBING 

4.6 m TOP OF FllL 

27 ft 
82m 

AND FlLL PROFILE~ 
15.1 ft 

HEIGHT. 11 ~ 20 -211 • 
HElGHT. m . /' ~3 1:: 5.4 6.7 ,80 
,DISTANCE. m 0 5 10 15 2C 

38 

82 
25 

LO: OF . OY.' 1.0. DEfLEC [TION EQUAl. OR LESS THAH 
UNOEFl.ECtED lUBING 

PLUG 
PASSING 

ao.rmm PE 
(3 in. nominal' 

101.1 mm PE 
(4 ln. nominal) 

IOlS mm PPR 
(4 ln. nominal' 

~~mm PE 
(6 la. nomlMI) 

207.1 mm PE 
ca ln. nominal) 

255.7 mm PE 
00 ... Ilominall 

299.7 mm PE 
(12 ln. nomlnol) 

I---------~------------------~~--~I~ 
I----------+------------------~----~f~ 
~--------~----------------~--~~5 

1 1 
9.~ 1-------f----------t9· .... 31- ~7.41 .... 24.9 

~---------+---I~I~-------------~~~~~al .... ITA 
1------IH9.~ -------+-....;.~17.4 

13.9 
13.9'-' 
13..9 
13.9 

19.2 
19.2 
I~ 
14.5 

20.2 
2.3.0 
23.0 
31.1 

,. ..... 12. ~ )0 ~r '9n. ".5.ontlls .'car 'IMtallu'on, twillS .'Iectlons 
w.r. equal or , ... tMn the percent af the Inlel.' 1.0........ The 
wrtlcal ber IncSlcata the plllCe .... the pl ... vauge .toppecI. Th. 
'1".1 col~ Incllcates Che p'ut """ch went .11 .... wr,. 

:., 'J; ( 

. ., 

, 
: . 

1 
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TUBIN6 AND 

HEiGHT. ft 
HElGHT .... 
DlSTANCE.m 

27ft 
a2m 

FlLL PROFtLE~ 
l5.1 ft 
4.6 m TOP OF FILL 

. ~ 20 28 ~~:5 ~ S,4 6.7 ao 
a 5 10 I~ 2Cl 

39 

, 
82 

LO. OF ". LO. OEFLECtnON EQUAL OR LESS THAN PLUG 
PASSING ' lIC)EFLEC'1EO lUBING 

> 

ecu mm PE a-----.:; .... !OII"---------+---.... 35D 
. '3 .... oomlnoO \ 1------:--+=---.I~-----_+----If20J 

20.1.1-------+---.... 35.0 

101.1 mm PE 
(4 lA. aomInal) 

IOlS_PM 
(4 ra. """Nt) 

207J mm PE 
(8 rn. aomlnal) 

2:55.7 mm' PE 
CIO ln. ftomnol) 

a99.7 mat PE 
02 la. nominal) 

~,~·~OO---~'--------~~>~~7 
I--...-.~--~+----------------+--~I~ , --.cUl n, ~.7 

1----------4------------------+----~12~ 1 ..... -------~----------------+-----~1~ 
~------~-----------+_--~Ia5 

1---------~~----------------4----~a3 1-------P------------+----..... 9.3 
1----~ ..... ------II9 ... 31-1----4J7.4 
~--~-~~.31--~----------------~~--.--.... 1~4 

I~~ 13.9 1------+-------.. 7.7 ....;.1----1113.9 
1-------~'----------------~~71-1~9 
1----------~----------------~W.~I~'3S 

• > , 

1--~6.S-.~1S-lL7 1:-, ~I-------+---tl:;~r 
~ ,:.-19171- .,1 lU 1--------:-....-;....-----."519:, 1 --1----1114.5 

.• ~ol~I~·~A_~A~.L·_---______ --~ __ --..... 2Q2 

~OI14) liOif' J 23.02~~\ .....a.OI··91.:.-.,:-...:.------tl!Q.2f.-t---.... 1----"l:ml'4.9I2D.2J--=-'- 5.1 

"turèp. On ta OctolMtr .".8. ~ .... th •• 'ter 1".~.l1.tfon, tublng _"ec:tton. 
"*r. .... 1 or 1 ... cMn th. !*rc:ent of the Inhl.1 •• 0 ......... ''The 
vert'cal .,.,. ''''''AtM the pr •• ~ ... the ,1 ... ,.1118 '1O!IPM. The ' 
fI ... 1 col..., IncllAtH the pl"ll "",rch went aIl the May. 

1 -, 
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," 
~ .. . . 

Flgurl 

'---+Q,.7113.91t---------20.51-+---tt-2S.6 
1-------+-... 7.71---------+----1113.9 

~ 

On 10 Octoblr 1978, 22 IIIOnths If tir 'nstalletlon. the dlflectlons of 
the 'Ive tulte. placed ln tl'etlches we,.e eql,l.I 01' I .. s than the plrcent 
0' the 1"ltlal I.D. shawn. The vertical bar 'ndlcates the place 
whlrl the plU9 91uçl st~~Cd. Thl fInal COIUMn Indlc.tls thl plug 
whlch wcnt- _) 1 the "'.y. ' 



J 

, f 

r 

/ 

TUfiUNG AND FILL PROFILE 

HDlHT,FT. 
. HElGHT.1D 
DISTANCE .. 0 t 

4 

n 
!f 

10 

zp 
• 

I~ 

41 
"" 

20 ~ 

1.0. OF % 1.0. DEFLECTION EQUAL OR LESS THAN PL UG 
USING UNDEFl..ECTED TUBING 

8CU mm PE 
8.6 IzuJ 

(:5 in. nominal) a.e !st. 

ïOLi mm PE 
(. in. nominal) 

. 
_4' 

101.6I11III PPR 28.0 ' 
(4 ln. nominal) 

- 1 
_. 

1e3.7 mm PE 
, 

ce ln. nominal) "-

201.1 mm PE 
l8 in. 1101111 nal) 

215.7 mm PE 
(la ln. nominal) 

I.!I' • 
as '".5. ...... 1.5 1 

~O .~U' .4.21..1 
299.7 mm PE 

(12 in. nominal) 
f-3.0 1-•. 9 1 ~J.·I 

. ,5.0, 17.114.&: 
r-+a.o u 1 

·08.Z' 

'za.o~ 

-
• 

655' Il . 

... 

1 r 
TA.. ,:.....; ": 7.8 

7.·'".o~t 1.8 . 

•• 5 ...... ".1 ~ - =--.. 

11.5 : 

\ 

IPJ 

a. 

18. 4 

.. 1& 
'"-S 

! .. 5 
4 Il. 

4. 2 
2 .. .. 

14. . 
17. 

Il. o 
o 

3.1 
U 

~I. 
1 
1 

14 .s 
9.7 
4 
4. 

'l'iLl 1 
"20.2 1 23. 1 

Q2 
1 

2 . 
,14. 

0 

'Ilure ~5. o.,~ .. 3. 1,so. '7 IIOIIdIs .ft ... 1"lutl.tfOll. tubr", "fractions 
.. re ..... 1 0 ...... chM ~h!I perceftt 0' lalel.1 I.D...... TM ".rtlul . 
"r .11Id1c.8c" the ,lace ...... ,Iut ..... ttopptld. :the '1 ... 1 ,:01-
..... rcat.. lM ,IUIf "",dt .... t .n the ~. 

1 , 

l 
i 
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8.9m TUBING AND FIt,.L PROFILE 

FOR 5 TUBES 
292ft 

FILL 

20 
HEIGHTft. 40'· .0 0 HEIGHT,m ~;.;.AO;.._---.'_. ;..,.-_--y~_.......-..,.... _ _.,;;::j~.__--.... 

OISTA NCE,m 0 !5 10 , 15 20 
p f.D. OF 

UNDEFLEC"tED TUBING 
0J0 I.D. EQUAL OR LESS THAN 

" ~ 

fOU .... PE 12.51 

" 
(41ft. nominal) , 

1&.5' '. 18.4 l 
1 

, 
207.118'" PE 
(lin. nomlaoU 

1--7.71 
-

Il.'' 1 20 1 

83.0 . 

, 

"pre 16;' On IIowIIber 3. '''o. ,., IIOnths .ft., Instan.tlon, the ~léIn. of 
'1 .. , .... p1.ad 'In tranches ..... squat Gr , ••• t ..... the ,.,.C4tftt of 

I"I«Jal I.D. shown. The ",tlca" bar Indlcat •• the '1 .. ...,.. the 
pllll ,auge stopped. The final col .... ' '"dl catH the pt ... "'ch WI' 
ail the vey. 

. , 

1 • 

1.4 
.4 • 

21.0 

ae 

, ~ 1 • 
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TABLE 3. ~1cu1ated 1ag fa~tor De 

. Size % Deflection % Deflection Depth' of at at D (mm) 
t* .' 0 t - 4 years ~ fill (m) e 

Il 
150 9.3 15.0 1.5 . 1.6 

150 9.3 15.0 4.5 1.0 

150 11.3 15.0 7.5 1.4 

200 7.7 7.8 1.5 1.0 . 

200 7.7 8.5 4.5 1.6 

200 1.7 1'0.9 7.5 1.1 

250 6.5 6.5 H5 1.0 

250 6.5 7.7 4.5 1.2 

250 8.1 11.8 .7.5 1.5 ~ 
300 3.0 3,.0 1.5 1.4 ~ (. 1 
300 3.9 14.0 4.5 1.8 j 
300 8.9 22.4 7.5 2.5 ~ ;; 

1 
fJ 

" ~~ 

* t is time at whicb def1ection was measured 1 

( 
( 

o 
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TABLE 4. Observed per cent LD: deflection of 150 mm diameter p1,a~tic 
" tubing 

Depth (metres) 1.5 4.5 7.5 

14.2 14.2 J.~.2 

14.2 14.2 14.2 
1 

150 oun I.D. 
14.2 14.2 14.2 

1=""" 

17.4 n"\4 17.4 

Mean def1e~ tion 15.0 15.0 15.0 

Maximum def1ection 17.4 17.4 17 .4 

o '. 
,A ,lj. 

TABLE 5. Observed per cent I.D. def1ection of 200 mm·diameter plastic" 
tubing 

" 

Depth (metres) 1.5 4.5 7.5 

~ 

7.8 7.8 .. 7.8 

~ 7.8 7.8 1.8 
200 Dm LD. 

7.8 '7.8 7.8 
, .. 

/ 7.8 1.8 11.0 

Mean deflection 7.8 J. 7.8 8.6 

, Maximum def1ection ' 7.8 7.8 11.0 

" 

______ ~_'11'''.,.'<i' .~ ... -~.~_ ... -~ ..... -', 
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TABLE 6. Observed per ce?t I.D. deflection of 250 mm diameter plastic 
tubing 

/ 

Depth (metres) 1.5 4.5 7.5 

" 6.5 6.5 11.5 

6.5 11.5 14.5 
250 mm I.~. 
J, 6.5 6.5 9.7 

6.5 6.5 11.5 

Mean deflection 6.5 7.7 11.8 

MaXimum def1ection 6.5 11.5 1..4.5 

] 
TABLE 7. Observed per cent LD. deflection of 300 mm diameter pl~stic 

tubing 

Depth (metres 1.5 4.5 7.5 

f 3.0 6.9 31.1 

3.0 20.2 23.7 
300 mm I.D.' 

l.O 14.2 2012 

3.0 14.9 14.9 

-j 

Mean deflection 3.0 14.1 22.4 

/ "20.2 
( 

, Maximum deflection 3.0 31.1 

, n 

• 

.. 
Î 

: , 

i 
1 
1 

l 
j 
.1 

1 
~ 
~ 
1 



~ 
( -... 

Cl 
i&J 
-l 

lb 
0 

d . -.,. 

~ -t-
() 
1&1 ... 
~ 
Q 

d' 
0 -

"1-

( 

46 

25 

. 20 

15 

10 

5 

0 
1.(:) 2.0 3.0 4.0 5.0 6.0 7.0 

DEPTH OF FILL (metre) 
t 

, . 
-Figure 17. Measured and predicted deflections of 150 mm 

corrugated plastic tubing. 

Measured deflections. 
_. -. - 0 - Predicted deflections considering a variable height 

of fill as a surcharge. 

--------- Pr&dicted deflections considering the total depth 
of fill as a unique load. 

25 

a.b 

-1-_ 

20 
-

15 
, 

la 
~ 

5 

a lO 2.0 3.0 4.0 5.0 6.0 

DEPTH OF FILL (metre) 
Figure 18. Measured and predicted deflectiona of 200 mm 

corrugated plastic tubing. 
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25 

20 

15 

10 -
5 

0 
1.0 2.0 3.0 4.0 5.0 6.0 

DEPTH OF FILL (metre) 
Figure 19. Measured and- predcted def'lections of 250 mm 

corrugated plastic tubing. 

---- Measured deflections " 
't 

7.0 

•• -. -.- .. Predicted deflections considering a variable height 

of fi Il as a surcharge ~ 

47 

------... Predicted deflections, considering the total depth of 
fill as a unique load. 

25 

20 

15 

(0 

5 ~~ 
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il ---
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o 
LO 2.0 3.0 4.0 5.0 6.0 7.0 \ ao 

DEPTH OF FILL (metre) 
Figure 20. Measured and predicted deflections of )00 mm 

corrugated plastic tubing. 
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TABLE B. Back-calcu1ated modulus of sail 
reaction, El,' for 1.5 metre of fin 

Size (mm) 

El 
kpa 

1;ABLE ,9. 

Size (mm) 

150 

200 

25Q 

300 

150 200 250 300 

124 565 744 2400 

Total 1oad, Wt • Wc + Wsd 

Total load Wt kN/m 

Earth fill d,epth (m) 
1.5 ,4.5 7.5 

4.6 6.4 \ 7.4 . 

6.6 11.5 12.3 

8.0 16.3 17 .0 

10.0 25.2 25.9 

48 
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V. SUMMARY AND CONCLUSIONS 

Professional engineers and organizations have recognized the 

need for installation standards for corrugated plastic tubing based on 

depth of installation up to at 1east 7 metres. The utilisation of. 

corrugated plastic drain tubV should make drainage work Iess 

laborious and more economical because of its 1ight weight as compared 

to alternative products. Concerns have been express~d regarding 

the probability of corrugated plastic tubing collapsing under deep 

earth ~llS. In t~is study the behaviour ~f plastic drain tubes undèr 

field conditions was investigated. 

Four replicates of 80, 100, 150, 200, 250 and 300 mm 1.0. 

corrugated plastic tubes were installed in .the side of a hill on the 

Macd~nald College Farm. Deformation of the vertical dimension inside 

the tubes was measured using wood en plug gauges. 

Ouring the investigation, the following points were noted: 

1. If one considera deflections greater than 20% of the l.D. to be 

excessive, the 80 DID and 100 IIIII tubes placed on the crushed stone 

bedding suff~red excessive deflect'Ïon with fills greater than 

3.5 metres. 

2. The 100 Dm tubes placed on the clay bed in 0.75 metre deep trenches 

and backfilled with crushed stone were 'satisfactory for earth fills 
~ 

up te the mQ:i1'llUll1 depth of 8.2 metres. 

49 
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3. The 150, 200, 250 mm diameter tubes placed on a crushed stone 
• • 

bedding have car~ied the maximum depth of 8.2 m satisfactorily. 

4. One of the 300 mm diameter tubes deflected 27 per cent of the l.D. 

under a 5.0 m hig~ fill. The other three 300 mm diameter tubes 

carried fill up to 7.0 III high with deflectlons leu than 20.2 pel' 

cent and fills up to 8.2 m high with def1ections less than 23.7 

pel' cent. 

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

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

6. The calculate~ad using ~he projecting conduit conditions plus a 

surcharge yielded predicted deflections that follow the path of 

the measured defleetions for the 150, 2QO, 250 mm tubes. 

7. The predicted defiections considering the projecting conditions 

for the entire depth of fi1I, fit the measured deflections of the 

300 tœ1 tubes, within 1.5 pel' cent of the tubing 'l.D. 

8. The degre,e of cOlllp8ction and quality of bedcling matetÎ.al near the 

tube wall affect small size tubes much more than 1arger t~bes. 

-" 
50 . 
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VI RECOMMENDED PRACTICES 

1. If tubing Is to be i,nstalled deeper than 2.0 metres, care should 
be taken to provide good bedding and backfill with sand or crumbly,. 
l:\tonë-free 5011 for at least ISO mm away from the pipes.' 

2. ~harp-edged crushed stone should not be placed adjacent to the 
pipes. 

3. Special care should be taken to compact the fill on the sides of 
the tublng, particula"ly for smaller diameter tubes (80, 100, ISO 
and 200 mm). 

4. Use heavy dut Y tubing. 

5. 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 filt 
overburden 15 added. 

6. Where pipes must be placed ln locations where they will later be 
covered over by great depths of ,soil, or mine tailings or O,ther 
loads, the "imperfect trench" type of construction shawn ln Figure 1 
should be used wherever possible, or alternately, a strlp of deformable 
materlal such as soft styrofoam should be attached along the top 
of the pipe 50 that tt could deform before the pipe deformed and thus 
allowa soil, arching action develop in the earth fill. This would 
al10w the soil passive pressure to build up on the sldes of the pipe 
before the vertical 10ad on the pipe built up. Credit should be 
g1ven ta Mr. D. Selby for thls ane'rnative suggestion fororeducing 
the deflectlon of flexible pfpes 'placed under deep fills r 
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VIL LOAD CARRYING CAPACITY QF CORRUGATED POLYETHYLENE 
TUBING PLACED IN TRENCHES 

Pipe stiffness measurements were made in the laboratory by othe 
, ~ 

flat plate method. From Figure 7 it ,can be seen. that tne tubing does 

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

obtains additioq.al strength as defleètions increase beyond 10 per cent. 

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

others at 30 or 35 per cent ~eflection. Also,.tfhe increase in lom 

carrying capacities for deflections 'beyond la per cent t.D. may be 

relatively small for some tubes and large for others. It ia therefore 

considered safe to use a deflection of 10 per cent LD. for the purpose 

of calculating the safe supporting strength and the factor of safety 

for different loading situations, with corrugated plastic drain tubing. 

For smooth wall plastic pipe used in sanitary sewage applic~tions» 

W.P.C.F. Manual no.9 recommends calculating the safe su~porting streng~h 

for a def1ection 'of five per cent of· the inside diameter. The p~pe does 

not fail at a deflecti'on of five per cent of the r.D., but there i8 
) 

concem over connections of branch 1ines, and stress concentration 

effècts. 

Corrugated plastic tubing used for land drainage petforms its 
~, 

water conveyance function quite satiafaetorily at deflections of 20 ' 

per cent of I.D. or more. Since it ia obvious' from the geometty that 
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the tubing' will, gain much more support from the, soil as it deflects 

from 5 to 10 'per cent: LD., it. seems realistic and safe to base the 

r 

factor of safety for load carrying,capacity on the supporting strength 

at 10 per cent LD. deflection. Standards for p~astic drain tube~ do 

not need to contain a complete range of load deflections, but shou1d 
t 

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

deflectiôn. The minimum pipe stlffness, F /.6.Y, values allowed by .. the 

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

175 kPa at 5 per cent LD. 'deflection and 131 kPa at 10 pe~ cent l.D. 

deflection for s'tandard' quality tubing and 201 kPa st 5 per cent I.D. 

,deflection and 112 kPa at 10 per cent 1.0. deflection for heavy duty~ . 

tubing. 

. 
The U. S. Soil Conservation Service standards 8;lso require that 

plastic tubing shows no cracks or other 'signs of failure when loaded 

to a d,eflection of 20 per cent I.D. 

Tables C-6 to C-8 and C-ll to C-13 show factors of safety for 

200, .250, and 300 mm di~ter corrugated plasti, tubes placed in ,­

trènches with sOÛ cover depths ranglbg from O. ~to 9.1 metre. ~d 
4 

s,",bjected to live loading. a-lO live loading ,corresponds to ,the load 
1> 

due to a truck, tractor or wagon with a total load of 9100 kg (10 tons), 

7300 kg of which ia on the rear axle. Live loada ,of this magnitude 

are about the heaviest which cou1d no~lly be expected to pass over 
1 

drain pipes placed in agricultural soils. a-20 live loading corresponds 
\ fi. ", f 

to the load due to a vehicle of 18200 kg (20 tons), 14500 kg of. which 

ia on the re~r a.x1e. Live loads of this ma~itude are éxpected on , . 
public roads and on construction site •• 

"-
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The dead apd live loads to be carried by the tubing are given 

in Tables C-3, C-4, ,C-5, C-9, C-lO, and C-ll. Value,!J.of coefficient 

Cd for use in equation 1 to obtain the dead load are given in Table 

C-l. Va:lues of Cs for use in equation 5 to obtaiô the live loads are 

given in Table C-~. ThE\se values of Cd and C are obtained by the 
s' 

use of a graph and table given in Appendix A . 

• 
Tr.nch, wi'Ciths ranging f!=om 0.45 ta 1.2 m have been used in 

• these tables to give the full rang~ of cases which might exist for 

various field installations. While it would be hoped that most drain 
G 

tubes would be installed with tr~chless plows or with trenching 

.machines which give a groovffd ,trench bottom on grade and a trench 
. \ 

width from 0.45 to 0.75 m, it LS recognized that some main drains will 

be installed in trenches made with a backhoe or power shovel whi~h 

maltes trenches wider ):han 0.7'5 metre: 

o The tables bave been prepared faT tubing which bas a st1ffness 

of 172 kPa when deflected 10 per cent of thtinside ~iameter. Most, 
, ' 

if I\ot aU, of the corrugated pla. tic tubes in the 200, 250 and 300 mm 
e 

diameter classes are current~y manufactured witb stiffnesses greater 

than this. 

, 

For tbe factor of safety tab1eé, C-6, C-7 and C-8. a'slight1y 

compacted backfiU soil condition' having a modu1us of sail reaction . 
of 1.4 HP. was considered. A wet specifie soil weight ot 1.6 g/cm' , . 
(100 lb/ft' or 0.058 1p/in') bas beeno contidered.' This i8 consistent 

with a 1008e backfill. • 
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For Tables C-ll, C-l2 and C-l3, compacted fill to 85 per cent 

of the proctor density was assumed, which would yield a modulus of 

soil reaction of about 2.8 MPa. The flll relative density for tHs ~ 
" 

case vas considered to be 2.0 g/cm' (0.072 lb/in') and the pipe 
[ , 
stiffness values wera taken from a laboratory meas~rement. 

The factors of safety have bean based on the load, W' « 
t' 

calculated to cause th~ tubing to deflect 10 per cent of its insi~e 

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

considered adequate. The stiffness value of 172 kPa at 10 per cent 

I.D. def1ection was'used because this i8 the valu~ which is required 

by ASTM Designation F405 fqt heavy dut y corrugated polyethylene tubing • 

. 1{} 
Based on these reasonable and conservative restricting 

conditions,' it can be seen from the attached tables that, if proper1y 

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

trench widths of 0.9 metres or Iess: For trenches as wide as 1.2 
'v 
,~ 

metre, the tubing should not be buried deeper than 4.5 m, unless sand 

or gravel is pl~ced beside the tubing and compacted, or a tubing ~ith 
.... ~) 

a greater initial stiffness ia uaed. 

- -- - .................... _... - ... ~,~. r ~ , 
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VIII. RECOMMENDATIONS FOR FURTHER RESEARCH 

The followi~g topics related to thé work of this dissertation 

are considered Lœportant for further investigations: ' 

1. The development of a deflection measuring 4evice for corrugated 

'tubes, which would provide more precise measures for installations 

r--- than the one used in this study. 

2. Measures of loads on buried tubes using pressure cells. 

3. Experimentation on larger diameter pipes. 

4. Experimentation on other beddirlg materials and bedding conditionà. 

/ 

" 
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,Figure A-l 
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TABLE A-l. Vâlues of load coefficients, C , for concentrated and distributed superimposed loads vertica11y 

8 centered over conduit~ 

D K L 
, 2B 2B or 2B 

or 

Ba 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.2 1.5 2.0 5.0 
2i . 

0.1 0.019 0.037 0.053 0.067 0.079 0.089 0.097 0.103 0.108 0.112 0.117 0.111 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 
O~ 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 
ll.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 0.441 0.463 0.481 0.505 0.525 0.540 0.548 
0.6 0.089 0.U4' 0.252 0.320 0.379 0.428 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.ll2 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 Ç,,076~ 0.800 0.849 0.894 0.930 0.956 

1 , . . * Influence coefficients for solution of Hol1'~ and Newmark's integration of the Boussines, 
equation for vertiçal ~tress. - /. 
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H 20-« 8,000 Lb 
Hl~ 6,000 Lb 
H'~ 4,oooLb 

Figure B-l 

STRENGTH DESIGN 

32,000 Lb 
~,oooLb 
16.000 Lb 

14'..0" ------...{ 
W-To~1 Weight of Tru~~ Clncl load 

.1 W 

WIcIIh of Each Rear n,. Equol. 1 Inch pIf 
:' TOll of Total Welght of Loaded Trvclc 

.j.JI 

, (After Armeo Steel and Drainage Products) 
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~ABLE C-l. Values of Cd for use in cal~u1ating the dead soi1 load above flexible conduits by Marston's 
. formula Wc • CdWBcBd* 

Trench Height of cover. H (metres) width 
Bd _ 0.15 0.30 0.46 O~61 0.1.6 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 
.45'7 O;l! 0.6Ô 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 J. 3O 2.BQ 2.90 3.20 3.20 

,914 0.16 0'.31 0.4~ 0.60 0.14 0.95 1.30 .20 2.70 2.80 3.10 3.20 
1066 0.14 1 0.28 0.40 0.52 0.63 0.87 LlO 1.90 2'.40 2.80 3.00 3.10 
1219 0.13 0.24 0.36 0.47 0.57 O.~ 1.00 1.80 2.30 2.70 2.90 3.00 
1371 0.11 0.22 0.31 0.41 0.52 O. 0 0.92 1.60 2.20 2.50 2.10 2.90 
1524 0.10 O.l~ 0.28 0.38 0'.46 0.63 0.86' 1.50 2.00 2.40 2.60 2.80 
1676 \ 

\ ' 0.17 0.26 0.33 0.42 0.57 0.80 1.40 Ir80 2.30 2.50 2.70 
1829 ,0.16 O.'U 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 0.10 1.20 1.10 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 1ine C on graph, Figu~e 45, page 189. WPFC Manuai no.9. ASCE Manual 
of practice No.37, 19~9, or the,line for Ku and ~ a 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-Cd have been ca1curated is for a saturated loam. Values of Cd will b~ smaller for 
sand 'and graveI and larger Îor saturated clay. 
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Nominal 
conduit 
diameter 

(II1II) 

'200 

250 

300 

~ 

... 

TABLE C-2. C values ta be used in live laad calculations* s 

Approximate Height of caver over conduit H (metres) 
autaide 
diameter 

Bc 0.15 0.30 0.46 0.61 -0.76 1.1 1.5 
(II1II) 

,1;>- 250 0.142 0.454 0.296 0.203 0.146 0.085 0.050 

300 0.855 0.525 0.347 0.240 0.174 0.100 0.053 

380 1.505 0.610 0.418 0.293 0.213 0.125 0.066 

3.0 4.6 

0.020 0.005 

0.024 0.006 

0.030 0.008 

* Based on Ioading theory given in WPCF ManuaI no.9 and interpolations between data f~om 
Table XXVI, p. 206, in WPCF Manual no.9. 
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TABLE C-3. Dead load Wc kN/m of conduit 1ength to be carried by 
flexible co~~uits for various heights of soil cover and wet specifie 

weight of soU of 1.6 g/ëm3 (0.058 lb/in') 

, 

Approx. Trench Height of cover over conduit.H (metres) Nominal width conduit 0 

conduit at 
I.D. O.D. conduit 
(mm) Bc 

top" Bd 0.76 1.1 l.~ . (mm) 
(IDD) 

\ 
(' 

200 250 457 2.5 3.2 4.,2 

200 250 610 2.5 3.3 4.4 

~oo 250 762 o 2.6 3.7 4.6 

2qO 250 914 2.6 3.5 4.7 

200 250 1066 ~ 3.7 4.7 

200 250 1219 2.8 3.9 4.9 
~ 

250 300 457 2.8 3.7 5.'1 

250 300 610 3.0 4.0 5.3 

250 300 762 3.2 4.4 5.4 

250 300 914 3.3 4.2 5.8 

250 300 1066 3.2 4.4 5.6 

250 300 1219 ~ 3'.3 4.6 5.8 

300 380 457 ,3.5 4.7 6.3 

300 ,380 610 3.7 5.1 6.7' , 
300 "380 762 3;9 5.4 6.8 

300 3.80 a 914 4.0 5.3 7.2 

300 380 1066 4.0 5.6 7.0 

300 380 1~19 4.2 5.8 7.4 

* Ba.ed on Marston's formula W c • 

3.0 4.6 6.1 

5.3 -5.8 5.8 

6 .• 3, 7.4 7.9 
, . 

7.0 8.6 8.8 

8.1 ~.8 10.2 

8.1 10.2 11.9 

8.8 11.2 ·,13.1 

6.3 7.0 7.0 

7.5 8.8 9.3 

8.4 10.2 10.7 

9.6 11.9 12.3 

9.8 12.3 14.4 

10.5 13.5 15.6 

7.9 8.8 8.8 

9.5 11.0 11.7 

10.5 12.8 13.3 

12.1 14.9 15.4. 

12.1 15.4 17.9 

13.1 16.8 19.8. 

CdwBcBd 

' . . 

7.6 9.1 

6.0 6.0 

7.;1) 8.1 
il; -
9.8 9.8 

'11.4 11. 7, . 
12.8 ,'13.3 

14.2 . 14.7 

7.2 7.2 
' 9.3 9.6 

11.7 11. 7 

13.7 14.0 

15.4 15.9 

17 .0 17.5 . 

9.1 9.1 

11.7 12.1 

14.7 14.7 

17 .0 17.5 

19.3 19.8 

21.2 21:.9 
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TABLE, C-4. 

Nominal 
conduit 
diameter 

(DDD) -, 

, /\~ 

200 

250 

300 

/ 

\ 

Live-loads Wsc in kN/m of conduit length'l for H-lO loading 
or single axle 10ad of 7272 kg (16,000 lb) 

Approx. 
out;side 
~~ametet 

,1 Be 
(am) 

250 

300 

380 

"..-

Haight of 

0.76 . . 
7.2 

8.4 

10.3 

cove;.", over conduit H (met.res) 

1.1 1.5 3.0 4.6 

4.2 2.5 1.1 0.2 

4.9 2.6 1.2 0.4 

6.1 3j 1.4 0.4 

~. Based on Holl'a integration of Boussinesq's formula given in 

WPCF Manual no.~,. p.Z05, as 'lisc • Cs iL , using an impact filctor F of 

1.25 for field travel, using L • 0.9 metre, using P • 3,636 tg (8,000 

lb), and using Cs values fro~ Table Il. 

JI 
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TABLE C-5. Total load Wt kN/m on top of a flexible corrugated polyethylene 
eonduit* for soil density of 1.6 g/em' (0.058- lb/in') - H-10 live load 

, ... ~ 
) 

Âpprox. Trench Height of ' caver over conduit H (metres) Nominal width 
conduit conduit at 

I.D. 0.0. conduit 
(mm) Be top, Bd 0.76 1.1 ' 1.5 3.0 4.6 6.1 7.6 9.1' 

(m) (mm) 

200 250 457 9.6 7.4 6.7 6.3 6.0 5.8 6.0 6.0 
1 

200 250 610 9.6 7~5 6.8 7.4 7.5 7.9 7.9 8.1 
b 

200 250 762 9.8 7.9 7.0 8.1 8.8 8.8 9.8 9.8 {) 

200 250 914 9.8 7.7 - 7.2 ' 9.1 10.0 '1 10.2" 11.4 Il.7 

200 250 1066 9.8 7.9 7.2- 9.1 10.3 11.9 12.8 13.3 

200 0 250 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 7.5 7.4 9.3 : 9.3 9.6 c 

r 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 Il. 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 11.7 1 9.5 8.4 11.7 13.8 15.8 17.0 17.5 
J 

) 

300 380 ,457 13.8 10.9 9.5 9.3 9.1 8.8 9.1 9.1 

9.8 ' "-
300 380 610 ' 14.0 11.2 10.9 11.4 11.7 1l.7 12.1 

300 380 762' 14.2 11.6 10.0 -~ 11.9 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 n.9 10.5' 14.5 17.2 19.8 21.2 21.9 

W
t • w + W kN/m of conduit 1ength c sc 

~ 

f 
( 

• 1 
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TABLE C-6. Factors of safety for 200' mm ,I.D'. corrugated P .E. conduit 
based on the load ,to iauEie 10% d~flection divided by the total load 

likely to o,ccur wlt'h H-lO live 10adi'ng and heights of. cover shown -

For conduit F/f::.Y - 172 kPa (25 1b/in2 ) at 10% 1.0. def1ection 

soil E' ,. 1.4 MPa (200/in2 ) 

W .. 1.6 g/cm3 ~O.058 1b/in3 ) 

Trench Height of cover over conduit H (metres) 
width il " 

(mm) 0.76 1.1 1.5 3.~ 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 1.98 2.~8 2.02 1.98 1.89- 1.89 l.85 

762 1.52 1.89 2.12 1.85 1. 70 1. 70 .... 1.52 '1.52 
1 

914 1..52 -1.93 2.07 ' 1.63 ' 1.49 l.,t6 1.31 1.27 

1066 1.52 1.89 2.07 1.63 1.44\ 1.25 
1 

1.16 1.~2 

1219 1.49 1.85 2.02 1.52 1.31 1.13 1~O.5 l.01 
1 
\ 

Loading to produce 10% deflection with 200 mm l'.D. c.oncÎuit having 
F/~Y 172 kPa at 10% I.D. deflection and soil Et • 1~4 a; ia, ~stimated 
as 

W' 0.10(8.0) [0.149(25) + 0.061(200)] 
t • 1.5 x (0.10) , • 84.9 Ib/in2 , 585 kPa 
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TABLE C-7. Factors of safety for 250 mm LD. corrugated P.E. conduit 
based on the 10ad to cause 10% deflection divided by the total load 

1ike1y to occur with H-lO live Loading and heights of caver shown ~ 

For conduit f/l:.y - 17~ kPa (25 Lb/in2 ) at 10% LD. deflection 

soil E' 

w 

Trench 
width 
(mm) 

457 

610 

762 

914 

1066 
" 

1219 

0.76 

1.63 

. 1.61 

1.58 

1.61 

1.58 

• 1.4 MPa (200/in2 ) 

• 1.6 g/cm3 '(0.058 lb/in') 

Heigbt'of cQver over conduit H (metres) 

1.1' '1.5 

2.17 

2.08 

2.00 

2.04 

2.00 

1.97 

2.41 

2.30 

2.21 

2.26 

2.21 

3.0 

2.47 

e.12 

1.93 

1.71 

1.69 

1.58 

4.6 

2.53 

2.04 

.1.77 

1.52 

1.47 

1.34 

6.1 7.6 

2.00 2.00 

2.00 2.00 
, 

1. 74 1.58 

1.52 1.36 

1.29 ~ 11.21 

1.18 1.09 

9.1 

1.93 

1.93 

1.58 

1.33 

1.17 

1.06 

Loading to produce 10%' deflection with 250 mm I.D. conduit having 
F/I:.Y 1~2 kPa at +0% I.D. def1ect'ion and soil E' - 1.4 Mfa; ia estimateci 
as 

w' - 0.10(10.0)[0.149(25) + 0,061(200)] • 106 2 lb/in!, 732 kPa 

--------- t 1.5 x (0.10) •. 

'~~(WC+W8C) 
17 ~"---, 

• W~/Wt • 106.2/Wt 

" 
• 

-
- ~t~""'"?""'''J.~~j>-l .... 1 "" r. '0 ' ~""' .. ;T*, ... .,.! 
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TABLE C-8. Factors of safèty for 300' mm I.D. cortugate.d P.E. conduit 
based on the load to cause 10% defleçtion divided by" the total load 

likely ta ~.ccur with H-IO live loading and heights of caver shawn 

For conduit F/6Y • 172 kPa (25 Ib/in2) at 10% I.D. def1ection 

soil E' 

w 

: Trench 
width 
(mm) 

457 

6io 

762 

914 

1066 

1219 

0.76 

1.61 

1.59 

1.57 

1.55 

1.55 

1.53 

- 1.4 MPa (200/in2 ) 

- 1.6 g/cm3 (0.058 1b/in3 ) 

Height of cover over conduit B (metres) 

1.1 

2.05 

1.99 

1.93 

1.96 

1.9.0 

l'.87 

1.5 3.0 

2.36 2.40 

2.28 2.05 

2.24 1.87 , 

2.16, 1.65 

2.20 

2.12 

1.65 

1.53 

4.6 

2.45 

1.96 

1.70 
, 

1.46 

1.42 

1.30" 

6.1 

2.55, 

1.90 

1.68 

1.45 

1.25 

1.13 

7.6 

2.45 

1.90 

1.52 

1.31 

1.16 

1.05 

9.1 " 

2.45 

1.85 

1.52 

1.27 

1.1'3 

1.02 
'J, 

Laading to-produce 10% def1ection with 300 DIlI I.D. c'onduit hav'ing 
F//::"Y 172 kPa at 10% i.D. ( def1ectidn aGd soil El - 1.4 HPa; ia estimated 
as 

w' -t • 127.4 Ib/~ J 818 kPa 

" 
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, ' TABLE C-9~ D~ad load Wc kN/m of conduit leng~h to be carried by flexible 
conduits for various heights of soi1 cover* , 

~omina1 Approx. Trench Height of caver over conduit H (metres) 
conduit width 

conduit O.D. at 
l·D. conduit 
(mm) Bc' top, Bd à.76 1.1 1.5 3.0 4.6 -6.1 7.6 9.1 (mm) 

(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 ~.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 

250 300 ,6,10 3.7 5.1 6.5 9.5. 10.9 11.6 11.6 11.6 

'C 250 300 0762 3.9 5.4 6.8 10.5 12.8 13.1 14.5 14.5 ' 
1 

15.2 250 300 914 4.0 5.4 7.0 11.9 14.0 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 ~.3 8.2 11.7 13.7 14.5 14.5 14.5 

300 380 762 4.9 6.7 8.6 ,13.1 15.9 t6,.5 18.2 18.2 
" 

3~ 380 914 50'1 ~6. 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 

300 380 1'219 ~ 5.3 7.0 9.1 16-.3 20.8 24.5 27.3 27.3 
1 . -

* Based on Marston"~' formula W • Cdw B Bd c ,C 

Cd is dimensionless, Be and Bd (L) 

w for this table ia 2.0 8/cm~ 

>0 

\ 

c"' 
,! 
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TABLE C-IO. Live-loads-Wsc--in kN/m of conduit length* for ll-20 loa~Hng 
or single axle load Qf 14,545 kg (32,000 lb) 

Nominal Approx. Height ôf Cover over conduit (metres) 
outside conduit diameter diameter 

(mm) Be 0.76 1.1 1.5 3.0 4.6 
• (1IlIII) 

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 

* Based on Holl'. integration of Boussinesq' B formula given in 
WPCF Manual 00.9, p. 20S, as 

_!! c w s,c L s 
using an impact factor F of 1.5 for highways'apd street., ~sing 
L • 0.9 m, usiog p • 7272 kg (16,000 lb) and Cs valuéS, from Table 11. 

-

____ , .... '-'" ..... w ..... _.""l_ .... _ .. _: ... ..-~_ ....... ~~~· ..... '\~ .. ~~_*:I ................ _'..;:· .... «n ....... _ ...... _"-".. .. ~ 
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TABLE C-11. Total load Wt kN/m on top of f1exib~e eorrugated poly-
ethylene tubing* for soi1 density of 2.0 g/cm3 (0.072 1b/ in') - H-20 

live load 

N . 1 Approx. 
Trench Height of cover over conduit H (metres) 

om~na , width 
d 't condult at con U1 0 D 

I.D. •. conduit 
(mm) Be top, Bd 0.76 1.1 1.5 3.0 4.6 6.1 7.6 9.1 (mm) (mm) 

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 lL7 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 1~.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 ,~1.0 21. 7 J" 

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.~ 19.3 19.1,21.2 21. 7 

300 380 1~6 • 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 • W + W kN/m of conduit length c sc --:--.., 
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TABLE C-12. Factor"s of safety for 200 mm LD. corrugated P.E. conduit 
based on the load to cause 10% deflection divided by the total load 

likely to occur with 8-20 live loading and heights of cover shown 
\ 

For conduit F/ÂY • 201 kP.a at 10% LD. deflection 

soil E' • 2.8 MPa (400lin2 ) comparon 85% Proctor max. 

Trench 
width 
(am) 

Height of' cover over conduit H (metres) 

610 1.34 

762 1.32 

914 1.32 

1066 . 1.32 

1219 1.31 

1.1 

1.89 

1.85 

1.78 

2.39 

.1.83 

1.5 

2~Sl 

2.39 

2.28 

2.22 

2.25 

3.0 

2.64 

2.43 

2.19 

2.19 

2.04 
1 

4.6 

2.78 

2.43 

2.10 

2.02 

1.87 

6.1 

2.78 

2.55 

2.10 

1.80 

1.6S-

7.6 9.1 

2.78 2.78 

2.22 2.22 

1.91 1.84 

1~68 ,1.63' 

1.53 1.47 

Loading to produce 10% deflection with 200 mm I.D. conduit 
having F/'ÂY • 201 kPa at 10% I.D. deflection and loil E' - 2.8 MPa; ia 
estimated as 

W' 0.10(8.00)(0.149(29.2 + 0.061(400)] 
t - L 5 x (0.10) . 

F.S ... W~/(Wc + Wsc ) • w~/Wt .. lS3.31Wt 

( 

, 
l, 

" , 

,~ '.-'~ 
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TABLE C-13. Fac.tors of safety for 250 mm LD. corrugated P.E. conduit 
based on the load to cause 10% def1ection divided by the total 10ad 

Iikely .to occur with H-20 live loading and heights of covér shawn 

For conduit F I6.Y - 172 ~Pa at 10% LD. deflection 

soil E' 

Trench 
width 
(am) 0.76 

610 1.37 

7~2 1.36 

914" 1.35 

1066 1.34 

• 2.8 MPa (40b/in2 ) compacticJh 85% Froctor max. 

Height of coyer over conduit H (metree) 

1.1 

1.95 

1.91 

1.91 

'.t.89 

1.5 3.0 4.6 

2.60 2.68 2.84 

2.53 2.46 2.43 

2.50 , 2.23 ,2.23 

2.44 2.06, 1.89 

6.1 

2.84 

2.49 

2.10 

1.67 

7.6 

2.84 

2.25 

1.95 

1.56 

9.1 

2.84 

,2.25 

1.88 

1.51 

Loading to produce 10% def1ection with 250 UID LD. conduit 
having F/AY ~ 172 kPa at 10% I.D. deflection and ,soil E' - 2.8 MPa ia 
estimated as 

W' ,0.10(10.0)[0.149(25) + 0.061 (400)] 
t • 1.5 x (0.10) 

r.S., - W
t
i I(w + w ). w' /W • 187,S/W

t c sc t t 

'" 

, 

,/ 
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TABLE C-14. Factors of safety for 300JIIID I.D. corrugated P.E. conduit 
bas.ed on the 10ild te, - cause 10% deflectio~ di'vided by the total load 

likely to ocèur with H-20 liv~ loading and heights of cover shown 

For conduit F/6Y • 243 kPa at 10% LD. deflection 

soil E' • 2.8 MPa (400/in2 ) compaction 85% Proctor max. 

Trench Height of cover over conduit H (metres) 
width 1 , 

\ (mm) 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 

162 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 1.6~ 
0 

1219 1.38 1.93 2.47 2.10 1.91 1.70 1.52 1.52 

Loading to produce 10Z deflection with 300 mm I.D. conduit 
having F/6Y • 243 kpa ~t 10% 1.0. deflection and .oi1 E' • 2.8 MPa; 
is estimated as 

- 237.3 lb/iol , 1.6 MPa 

r 
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