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"+ ABSTRACT.

Static surface loads were applied to two typ@@*df corrugated
y 'r‘ +

’p]astlc dra1n tubes 1nsta11ed 1n two types of Edmonton soils (sandy
loam and silt loam) at two probable depths of 1nsta]lat1on (9§‘cm and
125 cm) The tubes were: 1pstal]ed in mo]e-:ﬁannels (trench1ess;?
1nsta11“t1on) and 1n trenches. The surface loads were increased in B
200 to 250 1bs lncrements and correspond1ng deflections were recorded.
w1th.a,stra1n gage_ measur1ng mouse’. Effects on the load-bearing |
capacity‘of corrugated p]astic drain tubes due‘to‘soil typej‘depths
of insta]]ation'and hethod of fnstallation were evatuated statistically
! - N C ¥

* by an analys1s of variance. SR | ¢ .

Conc]us1ons from this study show that CGrrugated piastic; |

.tube drains.installed at the 125 cm depth of 1nsta11atlon can support
s1gn1fﬂcantly greater surface loads than when 1nsta11ediat the 95 cm
depth of . 1nsta1ﬁat1on. The strength requ1rements for corrugated p]ast1ci

_tubes 1nsta]1ed in mo]e channels ( trenchless 1nstal]at1on) are ] o

. s1gn1f1cant1y 1ess than when 1nsta1]ed in trenches. Both types of

_corrugated tube, that is,- 'ADS', manufactured by -the B1g '0! Dra1n
. Tile Co. and. that manufactured by the Daymond Co., were %qua] in Ioad

_ carrylng capacrt1es. Surface loads of 101.1 and 98.2 lbs/1n 2. for .
mqie and 98.5 ]bs/intz andg90.3 1bs/1n.2 for treﬁch tnstal1ed plast1c
: tubes\at the 95 cm depth in sandy”]oam and silt loam so1ls respectively
' C%jﬂd be app11ed to. the. 5011 surface where corrugated p1ast1c tube |
dra¥ns are 1nsta11ed The va]ues of these loads for p]aStIC tubes

£y

1nstal]ed at the 125 cm depth in sandy loam ‘and s11t loam 5011

Y
o -



respect1ve1y were 121 3 and 105.1 1bs/in. 2 for mole and*1i4.7 and
87.6 1bs/1n for trench 1nsta]1at1on respect1ve1y Corrdgated ﬁ]astit

tube drains installed at the 95 cm depth in sandy Toam and s11t loam .

'so11 wou]d fa1] at 105 0 and 99.0 1bs/1n 2, and 103.6 and 95 0 1bs/1n 2

»

surface loads when 1nsta11ed in mole-channels and: trenches respect1ve1y
At the 125 cm depth, the values were ]27 5 and 105.7 1b§/1n "nd.

117.71 and 98.1 lbs/]n. for. ﬁo]e and trench 1nsta1]at1on ﬂh sandy Toam
" and silt loam soil'feSpegt1ve1y. | '
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CHAPTER 1 . : ’ :

., INTRODUCTION - R

k]
<

Subsurface drainage has been Qractised~on 1rrlgated land for '
. , .(m_ L_
a long time. Irrlaatlon has ‘been ‘the means -of.coping w1th -the .

( . 1ncreased dpmands for food ‘and fibre of an 1ncrea51ng world

populat1on Nhen the productlve capac1ty of land decreases due to‘
excessive app]1cat10n of water and accumu]at1on o{;soluble sa]ts, the
. need for subsurface dra1nage becomes ev1dent A number of refdrences

"~ (39) indicate that the Romans were tul]y aware of the need to remove
_excess water from agrlcultural lands. . -

Th econom1c feas1b111ty of subsurface dra)\'ge ﬁaS'a]ways been-

associa ed_}lth a profItab]e agr1cu]ture Open £ wches, closed dra1ns

J‘
-

and re]lef wells . have been the pr1nc1pél methods used fo remov1ng
excess water from the«plant root zone of the 5011 Open d1tches take
‘;product1ve land out of cult1vat1on,aﬂd requ1re continual manntenance
:Re11 wells are> ed on]y in a few spec1al areas Closed drains .
have become the best p™actice for subsurface dra1nage They po not
take valuable 1and’56t of cu]t1vat10n and do not 1nterfere wwth

\
farmi ng operatlons Also the prob]ens of weed control are reduced.

Mole drains and ti.e dra1ns are used for subsurface dralnage
Mole drains are formed by pul]1ngra pointed Cy]1nder through the so11
Drain tiles are hollow cylinders from one to four feet in length l
and are usually made of concrete or fired clay.

‘Mole dralns have not proved successful for subsurface drawnage

"

due to rapld deter1orat1on Fa1lures have been (6,8) ma1n1y due.to’

Bt




~

L , ' e 2

_the soil falling through the s]ft left by the p]ow standard‘ erosion .

of s0il Jrom . the sides of the mo]e channel, sma]] rodents ]1v1ng qn
‘the mo]e channel 1oosen1ng the soil and surface loads appl1ed above

the mo]e channe] may close the draln. - : g

f

o
The re]atlve]y high cos! and the Tow spee&,of 1nsta]]at1on T

, .
fc- clay or concrete tiles led- sc1ent1sts and eng1yeers to improve

the insta]]ation.equipment. / However, tha intrOdUCtion‘of‘plastics

in”then1940'stresuwted in fundamental changesiin draiﬁhgg techniques:

Plastic liners and smooth-wal]ed plastic’pipes were used’in land:

~ drainage to improve'the strength of moletdrains;' In the mid-1960's,
research'With corrugated plastic tubing was started. It offered. -
'obvtous’advantages,over"]ined nole drains.‘and\also cjay and’ concrete
‘ktilest Coiling the”tubing-into large rolls does not reduce its
“,strength ,Due to the ]1ghter welgbt (a 250- ft coil we19hs only fO
1bs)" }ess 1aboﬁr is needed for loading. and transportatwon. ﬁlth the

longeﬁ 1engths of rolls (200 to 900 ft), few joints are needed and |

© there are ‘no prob]ems of a]1gnment as found w1th the 1nsta]]at1on of

- i\

clay or concrete tiles. The tub1ng can be 1nstalled around relat1ve$ig

g
smal] radius bends and h1gh speed equlpment can be used result1ng in
©
' a 1ower cost of 1nsta1]at1on VA T
. , . - | .- o
~w1th these advantages, corrugated plastic tubes have-found wide

_use in 1ndustry, bu1ld1ng construct1on, water supply. sewage d1sposal

T sept1c tanks, and ]aylng of electr1c cab]es but st1]l the maJor use.

@.15 for farm dra1na%$ - Hauck (18) predicted that by 1975, 70 percent

vof the market for corrugated p]astic tub!ng uou]d be for agr1cultural_

* drainage. Of the 25 inillion feet of subsurface drains installed in
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1972 on farms in Quebec, 18 m1111on were plastic dra1ns About 55

‘ m1111on feet of subsurface dra1n are 1nsta1]ed éach year on Ontar1o

-y

or

farms of wh1ch 25 m1111on are plastic drain tubes (4).

»

With the'anticipated increase in the use of corrugated p]astic
¢

',vtublng “for 1and dralnage,‘lt 1s 1mperat1ve that resear 1 be. done A

4

%

&F

; not. been compared

e

:on the duran1l1ty of these tubes Advances in technd1egy have made
&

farm operat1ons 1ncrea51ngly mechan12ed jHeavy farm macthery and

equ1pment is used on such farms The use of modern 1nsta11at1on
» & < E3 . 4
_equlpmen€>has resulted in an ‘increase in- the depth at wh1ch ST
»"' ) . 5 .
dralnage tubes can be installed. Consequent]y, dra1n tubes are - . ¥
_ . o

l1ke1y to be subJectedjto greater loads ngw than was common in- the

past Loads on these drain tubes 1nc1ude those caused by the ue1ght
§

of the soil and by concentrated loads due to the passage of veh1c1es

. or eqmpment _n . . . . B " \ : " ~ a‘wt’»

-

. . « -\’\:L
, o
» Unfortunate]y, not much research has beert,carried’ out to prove fJ

that these newly-Introduced corrugated p}a§t1c tubes are. a sgccessful
’means for land dra1nage Dbubts expressed by farmers.and contractors
of the prdbab111ty of co]]aps1ng of these 11ght~we1ght thin- wal]ed

“corrugated plastic tubes in the f1eld have not yet been answered
e
satlsfactor11y The values of concentrated surface Ioads that w111
( e
render the drain tubes beyond servxceab111ty have not been established:

"
spec1f1ca11y The effect of soil texture and depth of installation ,K

~on the load carrylng capac1ty of these tubes have not been 1nvest1gated

"\.'bvi

_The strength requirements for a draln tube 1nstalled in a trench w1th a

eertain. bottom groove anaﬂe and ¢ .one 1nsta11ed fn a mo]e channel have -

‘l



%

A

A laboratory study s1mu1at1ng f1e1d cond1t10ns was conducted

hn an attempt to answer some of these quest1ons The‘spec1f1c _

obJectlves of th1s study were:

.

' dra1n tube (26)

4

L N \

N L S _
To establish the surface load values at which there will be

no def]ect1on in.4-in. corrugated p]ast1c drain tubes
-~ ¥

“1nsta1]ed at two depths (95 cm and 125 cm) in two types of

so11 (sandy loam and’s11t 1oam)

- To determlne the magn1tude of surface loads that produces |

o a 30 percent def1ect1on and the ‘loads that cause tota]

fa11ure in dra1n tubes Def]ectlons up toGBO percent of the

origrnal diameter do not 1nf1uence the f]ow capac1ty of the

LIRS
L ;

To compare the trench and mole method of. installation on

: the bas1s of the 1oad carry1ng capac1ty of the drain tubes

: To compare the durab1l1ty of two types of 4- 1n corrugated

plast1c draln tubes  and to determine the deflection due to

backfill loads only on dra1n tubes installed 1nptrenches.
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Tngeffect of’ loads on underground pipes due to earthﬁll and.

the passage of equlpnent and veh1cles has been of great concern to

r;_agncultulral, c1v1l al d highuay eng1neers durlng the past half
- century. Matkins (4l) cites research carried out 1n‘Iowa where

~ farmers had to move vehlcles to the f1elds and the roads, due to

1nsuff1c1en§ gravel, bEcame lagoons of mud. Dea;dgérston ‘set towork
ge

" with the slogan,“”Get Iowa out of the mud“ He ‘ug sted drainage-

'-A to control the\mud\and in l913, publjshed the Marston theory of soil

“loads on dfilnage pIJes.

»2;l Analys1$ of Loads on: SubdraIns ~

' Underground conduits - derlve thelr ab1l1ty to, support the earth
above them fron two sources, from the inherent strength of the p1pe to
res15t .external pressures and the lateral pressure of the 5011 at thev
51des o¥.the plpe._ The latter produces stresses 1n the pipe ring. in
- an opp051te dlrectIon to those produced by vert1cal loads and thereby
ass15t the pxpe in supportlng the vert\cal loads. '

For purposes of load analys15 (32) the underground condu1ts,

dependIng upon therr Jecree of rlg1d1ty. are class1f1ed into:

1. Rigid conduit: such as those nade concrete or burned clay.

o : _ ¢ S
‘_The inherent strength of the pipe is the predom1nant source of

‘supporting strength and 1t fa1ls by rupture of the pipe walls.
2. Flextble condu1ts such as corrugated—metal culverts, thin-

nalled‘steel’pipes-and plastic papes, The 1nherent strength



. . . 6 L
- is re“la'tivelyﬁlés.s and a ‘large}part of its ahih’ty ‘to support

_vertica] ]dads is derived from the passive pressure induced-

as the sides move outward against the soii‘.'

‘Based"on constructi‘oh or envi romienta] t:ondi tions under which
the ﬁeld 1nstal]at10ns are made p1pe condui ts ar'e c1ass1 f'}ed as -
d1td1 conduits or pmJectmg condu1ts.» Ditch condu1 ts are those wh1ch
- are. 1nsta]led in a relatwe]y narrow trench dug in und1sturbed soﬂ

- and then covered \\fnth earth backﬁ]l Progecting _condmt condi tions

occur when a drain is, installed in sha]ldw beddih@’ with its top either

. projecting ab?ve -the natura] grould surface or at an e]evat1on below

\

the ratural gromd surface and then covened with an enbankment For
“tile -dral_ns, proJectmg condmt condlflon occur when :thet\trench is

~ wider than 2 or 3 times the outside dia r o:f' the tile.

2.2 Loads Die_to Earthfill Materials;

Marston ana1ysed .the load dye to ea;;thfﬂl matem als on

“underground condmts and pubhshed his theo‘ry uqder the hea-ding

g “lhrston theory of sdi] loads ~an draihage bipe"'. Spang' r and
Handy (32) describe this theory in detaﬂ }h'e thedry i's bél ed up "n -

a pr1sm of soﬂ wh1ch Inposes a ]oad W on the pipe and 1s g1ven by the -
3 formula:

eane , :
B N

i}

' "where’ L Toad on conduit, in bs per lin ft,

X
1

- unit weight (wet-density) of fill material,

b in 1bs per cu-ft;.

[+~
I\

width of -the ‘trench or condd%t, in ft\and .

.
[}

‘load cpefficient for which values are listed
- by Marston. | ) |

%
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In the iéie'of ditch conduit conditions, B denoted by By, is
the horizontaf width of diteh at the top of the conduit whereas in

‘the case of prOJectlng cond1t1ons, denotedla;Bc,th1s is the horizonte
h breadth (outs1de) of the conduit. S1m1larly, Marston presented curves
for va]ues of C and denoted them as Cd and C_. for ditch conduwt and
prOJect1ng conduit conditions respectlvely )

For a flexible pipe installed in a narrow trench w1th the fill
thorough]y tamped on the sides to give the same degree of st1ffness as
the plpe itself,’ Marston gave the fo]low1ng equat1on,

.

= cdech

n

, Spangler ( 3&, a student of Dean Marston, found thatlthese.'
eencepts were 1nsuff1c1ent for the deS1gn of flexible pipes. His eXpet-
iments showed that w1th tre app11cat1on of sqjl ]oads, the flexible o
pip%hwas flattened doﬁn‘into an approgjmatéjy elliptieal crbss-section
EE with a decrease in the vertical diameter and an increase in the
'horizontaltdiameter. As a result of lateral expansion 'laterallsupport
from the- so11 on the s1des of pipe was developed: so that the f1ex1b1e
v'p1pe cou]d susta1n more ]oads with less deflection when bur1ed than 1t
: cou]d sustaln 19 a three-edge bearing test. Consequentty in 1941,

Spangler arrived at the fo]low1ng equat1on “for pred1ct1ng the def]ectlon

o of bur1ed flex1b]e pipe and pub11shed lt under the name "Iowa Formula

"': AX = D] 4

horlzdntal deflection of the plpe 1n'inthes,

.
n
3
=

o
ol
|

= deflect10n lag fac or,

¢
q . 4



| g | '
a constant depending upon the width of bedding

=
]

of the pipe,

N 2

. HWe = vert1ca1 load per un1t length of p1pe, in 1bs per ‘ 'E”
| ' linear in., ' i
r= mean radius of the pipe,‘in dnches,
E = modu]_us of_e]iasticity of the pipe material ,‘ 41'n:
llbs per sq in., | |
I = moment of inertia per unit length of cross-section
’ ‘of the pipe .wa]],' in*inchesa per 1n ., ‘ 2
; ' 'e = moduTus of passive resistance of fhe envelpping
'soﬂ,. in_lbs per sd in. per in. o |
van Schﬂfgaarde Freve‘rt and/Schhtkj%) urepared load
| nomographs to fac1’htate the solution of Marston‘bs equat1 ons. The

. Q\ .
three 1oad nomographs prepared were for 1nsta1]at1ons in thorv

wet c]ay, saturated sand and saturated top soil and can be u .d for
conputmg ]oads for all r1g1d condmts as well as on condmts in
-narrow ditches. The 1ower va]ue fomd from the nomoqraphs is the

wa oy

. -one to be used: in desxgn .

| Armco engmeers, Schafer and Kelley (1) ‘were among the first

: engmeers who used and rewrote the Iowa formula to calcul ate the
aHowab]e fill he1ght in terms of p1pe d1ameter for maxmum aHowablef

.

r1ng deflectmn. G

\J' -

A snmlar nelatwnshlp was fomd by Khnko and Kost1kov (21)
in Russ1a.« The fo]lovnng formu]a was used to detemnne the

deformation in a plastic pipe;



equation:

' »

i

where & = pipe deformation in the plane of the vertical

diameter at overload ‘coefficient = 1,

g'=,equ§vélent of the vertical load,

r = average pipe-radius,’ | |

E = modulus of elasticity,

'I % moment of inertia of a Tonéitudina] section
of p1 e wall, _ _ bhv

Z’= a coefficient equa] to 0. 016Aat zero slope

The equivalent of'vert1ca1 1031 g was determxngd by the

S 9= Ky
where H = earth cover over the pipe in meters,
| d = p1pe diameter in meters, _  {ﬂf‘v
W= un1t weight of backf111 in kg/m3 -
Kh = 2 coeff1c1ent for p]ast1c p1pe Kp equals 1.0..

Klimko and Kost1kov (21) verifled thexr resu]ts us1ng the

Marstpn'equatﬂon and found that 1oads ca]cu]ated by their formuTae

- and by the Marston equation were in close agreement.

. 28 Surfage Loads.

surface
) under o

‘distr

oads such. as thab of a truck wheef#vransm1tted to an
und. condu1t followed the Bouss1nesq solut1on for stress_v

tion in a semi infinite elast1c solid. The magn1tude of .



~

1ndependent of the d!pth of cover

1 the channel ‘with p]astic started when polyeéhe]ene was 1ntroduced 1n

N

~impact load produced by moving wheel loads was also determ]ned From

these facts, Marston arrived at the fql1ow1ng formula for ca]culat1ng

“the 1ive loads on underground condu1ts,

- -1
. M= IcCtP

= average 13ad per unit length of conduit,

£

-

- .
=
™ - _
=

-

I

- due to wheel load, h B ‘ -
A =;1ength of condu1t sect1on on whwch the load
is computed »
I. = impact factor,
C;»= Joad coefficient and
P = concentrated wheel load on the surface of
Cthesim. E .

- Marston found that the va]ue of the impact factor 1. was eoual-

]

to un1ty when the surface load was static and varwed from 1.5 to 2 0

when the load was nnv1ng Also, the va]ue of the lnpact factor was

i

-

» Invest1gat1ons by Harston (24) and Spangler et -al (33) showed

‘that the value of the coeff1c1ent C depended on the lenoth and wldth

of the condu1t sect1on and on the depth of cover over the condu1t
Graphs were prépared to find the value of Ct for different d1ameter of
B '/v_

condu1bs-1nsta11ed at d1fferent-depths :

2.4; Plast1c Tub1_gs for Subsurface Drainag#

Research on 1mprov1ng the. stabi]1ty of mole drains by 11n1ng

~ ‘the, 1940's.  Prior to this sheet méta] was tried as a liner for the '

" mole channels.v A mach1ne developed by Sack* (28) cons1sted of a mole

«
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plow and a tube-forming ne’chanism which installed the sheet metal in

the role drains- in a continuous oval tube.

: - v . - *
Ede (13) used.dry-mix concrete as a mole liner. Concrete was

placed around a core using a vibrating Vertical,chute;, As the core

moved forward with the machine, a circular channe’l left in the concrete

tnix fomed a'tube Th1s nethod was - sat1sfactd’?‘y only ¥or 1 1/2 in.

and 2 in. core s12es. The u.S. Corps of Engmeer? (36) 1nvest1qated
several methods of stablllzmg mole channels and concluded that olacmo
the perforated plastic tubing by cable- lay?mg machmes appeared to be
the most promswng and economical method. ‘

Schuab (29) conducted e;perlments at Iowa State Collece to-

Fest the feasibility of polyethylene tubing. Perforated polyethylene

tubes, 1 to 4 in. in d‘ianeter and in 20 ft lengths | were attached to ¢
a mole- ploum and pulled into the mole channels from the ‘outlet ends

at a depth of -30 in. From results of the fi ve-year study, he concluded
. that the deformahons for l 172 1n and 2 ‘in. di aneter tubes with a
0.040 in. and 0.050 in. wall thlckness respectwely, were less than 20
percent of the or19mal d1aneters. The greatest amount of e
deformatlon occurred dunng the f1 rst two years after 1nstallat1on

The stabﬂity of{he perforated polyethylene tubes in mole drains
decreased as the dlaneter of the tubes increased and as the wall

thlckness decreased and henoe dram twes 2 in. or less in d1 ameter

"~ were the u&s)t practlcable cons1der1ng st/blhty, c\pau ty, and cost.

A nnmmum slope of 0.5 peroent was suggested for these tubes

Busch (6) conducted experiments at Comell University and
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'succeeded_iniforming,a ptasttc~arch-to.preVent the fall of s0il into
the mole channel. R1g1d v1nyl ' 0.015 in. thick by 6 in"wide,.
was formed into a tight "U" and fed down through a chute on the channel
~ 11n1ng machine 1nto the mole channel. The arch, approx1mate1y 2 in.
wide by 2 1/2 1n. h]gh, was formed as the mater1a1 left the mach1ne
Fouss and annan (16) tried five types of plastic 11ners made )
from/15-mi1 po]yviny]ch]oride semi-rigid plastic sheet. bAfter nine
months of field testlng, the zipper-type mole liner had malnta1ned its
Cross- sect10na1 s1ze and shape better than the overlap types ﬂﬁ
| Field and laboratory.loading tests on p]ast1c 11ned nn]e drains
‘fﬁéﬁe conducted by Manley (23) The 1aboratory experimentation cons1sted'
of app1y1ng ]oads to the dra1ns 1nsta1led at depths rang1ng from 10 to
22 1nches in three d1fferent soils: fine sandy ]oam, ?11t loam, and
silty clay- loam Loads were app11ed in 250 1b 1ncrenents using a
steel p]ate attached to the ram of a hydrau11c Jack He foundﬁ{ t the
“br1dg1ng“ phenonenon of so11 tends to transfer internal soilepressure
- caused by surface loads to the soil on- the side of the noJe channel
The correlatlon between the br1dging action of soi] and the bulk dens1ty
- shoued that the tendency of a 5011 to’Lbridge“ 1ncreases as the bulk
‘dens1ty of the soil 1ncreases Man]ey also found that settlement of
"the. 1oad1ng p1ate preceded fa1lure of the drain. A highly \ignificantv,
' correlat10n coeffic1ent was obtained between the maximum load that

could be applied. to the ground surface without drain failure and the(/

bulk denslty,of so11. He concluded that lined or unlined no]e channeT&\
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were ed1iapsed by surfaée,loading only afier eonsidérab]e depression
von the soil surface. | |
Va1gneur (37) lnvestlgated the loading characteristics of a 3
in. d1aneter p]astlc llner by the three- p01nt bearing test and hydraulic
‘ Jacket test in sandy so11 The mole liner used was made from vinyl
plastic 0.015 in. thick and 1N 1n w1de The conclusion was that mole
dra1ns:41ned wlth p]ast1c cou]d be expected to fail when the surface
:pressures exceeded 40 ps1 for drains 30 )n deep, 30 ps1 for dra1ns
24 in. deep, ZO_psi fpr drains 18 in. deep, and 10 psi for Q{a1ns 12 .
An. deep{ TheAsurface disp]acement varied,from‘];23 in. with a load of
13.78 psi to 8.04 with a 1ded'of 44.58 psi. He reported that plastic-
blined mole drains wopld.be distorted beyond ser;iceabi]ity (vertica]
deflect10n more than 33%) when exposed to a stress of about 0. 50 ps$1i
F‘and suggested that stress in the soil near the mole dra1n shou]d not
’exceed 0.25 psi. ERE
Hillardson and others (44) inveseigaeed seven types df'cohduigs
for logd carrying capac1ty. Among these types were 3 in diamefer-‘
po]yVInyl chlor1de p]ast1c (PVC) mole ]1ner._4 in., diameter sgm1 r1g1d
po]yethy]ene tub1ng wlth 0.078 in. wal]s and 3 in.. d\amegégasteel—
| re1nforced f1berglass wrapped plastic Test sect1ons of *ondu1ts, Q

15 1/2 in. long, were placed in the test ce]l which w_::;f

-cyl1nder surrounded by constra1n1ng concentrls rlﬁgr
were applied to the test cell in the Unive kﬁ_.)
3 in. d1ameter PvC mole drain liner falled by "1jfud1na1 buck11ng

. o‘ﬁ\v
after the reductwon in dIaneter by shearlng of-<t¥

eﬂz1ppers Fa11ure

e fwasereached,at'B,OOO lbs. ‘The 3 in. dlameter-steel re1nforced '



- ., | _ 14
fiberg]ass-wrapped plastic took an ova] shape with the 80, 000 1b
Timit of the test ce]] mthout reaching faﬂure ‘

Myers, Rektorik and Ho]fe (25) conducted ]aboratory experments
with 4 in. 1D po]yethylene drainage pipe. The test sections of pipe
were installed in a steel tank,_T?‘t by 5 ft based and 10 ft high,
filled with backfill so0il such that the dept'h. of cover was 8 ft.

Irri gation water was applied from the‘top of ‘th'e steel tank ahd the
deflections developed were measured 'throug'l strain gages bonded”and
waterproofed on the pipe. The hydraul/ca]ly 1oaded test equipment was
| a]so used for loading tests. The 1nvestigations showed that abin.
dianeter crad]e excavated in mdisturbed soﬂ to support 160 degree

="

sections of the p'lpe should prov1de support for loadings up to 300" 1b§ .
‘per lineal ft. In order to minimize the ]oad on p]astic, pipes installed
in trenches, 10 in. vndth of trench was reconmended .

Rektorik and Myérs (27) also conducted experiments wi th the

same pipe and concluded that the7 pipe ,had sufficient strength to

 withstand soil oVerburden loads at the 8 ft depth »y

In the ear]y 1960 S, corrugated pl astic pipe was 1ntroduced
‘ ,These ttbes pronded greater stnength better longi tudma] ﬂexibihty
_for ease of handhng, hghter weight and much lower cost than '

_conparable 3 oth-walled plastic pipe. In order to have the same

structural trength ina smooth-ualled plastic pipe of given diancter

' as in a corrugated wa]] tube, the plastic material in the smooth-
_walled pipe needs to be much thicker and henoe the pipe will be much
heav1er and costly.- Fouss (15) in 1968 reported that msta]lation

of co\g'rugated plastic tlbes with the drain ttbe plow was promising as’



. _x. 15

a .means tor more effective and ‘more ecoromic field drainage. The

' p]ow eiinn"nated the need for ditching. and backfi]-iing, and instailation

with the ]aser-beam automatic gradé control was efficient and qui k.

Klimko and Kostikov (21) conducted experirrents ‘on smooth-

walled and corrugated p]astic drain tubes. The laboratory experiments

showed that the drainage pipes made from polyvinyl chloride were
extremely strong when subjected to a load of 150 kg per hneasT meter

| of pipe and the corresponding deflect,ion did not exceed :.0”’ of the pipe

diameter. The corrugated pipe, made of the same materia]- as that for :

the smooth-walled pipe was exceptionally strong in CI"USh‘Ing strength

The recormendation was that tﬂe\vfall thickness of corrugated PVC

»drainage pipes cou]d be revduc,ed two or three times in comparison to

" smooth pipe ot correspollding dianeters. .From ptb]ished data and

: »
experimental results from tests conducted by the Bye]orus51 an

Fxpetrimental Institute of ﬁand Reclamation and Hater Resources in Ru551a, '

1t was reported that deformation of plastic pipe occurred on]y during
-the back- fﬂling of tnenches and that loads due to movmq machinery had
. litt]e effect on deformation of the pipe. |

| ‘\Drablos and Schwab (12) made fie'(d and ]aboratory 1nvestigations
on 4 in. corrugated plastic drain tubes which had been installed under
diffenent field conditions for at least one year. Field investigations
were made at 42 sites where 4 in. corrugated plastic ttbes had been
instal]ed. The factors investigated at eaoh s1te were soﬂ type _
period of tiue that the tubing had been installed method of bhnqu,
me thod of back- filling, stretch of tunng, size of trench bottom qroove,' '
_ tupe deflection and strength of twing. Insigmficant differences were :

- fomd 1n the amomt of deflection that occurred for different soﬂ .

/

’

~N
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groupings, the reason;given being the small numbey of sites. in
each soil grouping. The length of time that the tubing had.been'; .
installed had some effect on deflection. It was suggested that’the _

.. . N
deflection Wou]d be less»after the initia] 2-year or perhaps 4-year

: per1od of 1nsta]1at1on Less deflectlon wasafound where care had been

taken in proper]y p]ac1ng the b11nd1ng and backfill so1] Invest1gatlons

.re]at1ng to stretch produced in tubing while placing showed that

'average amount of stretch was-5.3% w1th a range between 0 and l] 4%
A Neg1 and Brouglton (26) made ﬁe]d loadmg tests and laboratory 3

1nvest1oat10ns on corrugated p]ast1c tubings. The drains were installed

in sandy ‘1oam soil at the Macdonald College Farm in 1968 and field

1oad1ng tests were performed in 1969. The field load1ng tests cons1sted

{

~of pass1na loaded wagons and ‘trucks over the plast1c dra1n tubes and .

some c]ay t11es 1nsta]led w1th a trencher or trenchless plou at 2 and
3 ft depths. The 1oads and the nunber of passes along three vehicle

routes over each of the th1rty subdralns were noted The deformat1on

in tubes up to 20 and 30% of the pvpe d1ameter was neasured us1ng

. iwooden plugs. Some of the plast1c dra1n tubes 1nstalled at a 2 ft

PRI

‘depth were deformed beyond serv1ceab1]1ty when the rear ax} load .

‘exceeded 20 tons The p1ast1c drain tubes were crushed by repeated

o
passes of surface loads only after. cgnSIderable depression on ‘the soil

~ surface and the: formatlon of ruts.

The labpratory tests on sanp]es taken from the fweld

_"1nsta11atlons showed that the load bear1ng capacity of the plastic |

tubes dontinued to, increase to,deflections of uore than 40! of

'1’A-,l’,"'>-“’:

I ' - . - ' 6.

A



the origlnal diameter (26). "The investigations showed that field . .C'

-deflections'up to 30% ot the origi inside d1ameter of-the plast1c

‘

- tubes could’ be allowed for carrang the ea l1ve loads. bNo fj

d1ff1culty was reported w1th plastlc dra1n .ubes installed at 2.5 ft
depths or ‘more with normal backf1ll1ng, 1nclud1ng 6 in. deep bl]nd1no
with loose soil. For the dra1n tubes passing under the laneways ;’
whlch carry heavy loads, a depth of installation of more than 3 ft”
was' reconnended or the port1on of dra1n tube under the laneway should

have a steel pipe section. . T o -, R 7

2.5 Deflection Measuring Devi ces .

- Deflect1on of. plastf? tubes has been neasured by several
research workers using var1ous dev1 ces. Sch\vab (29) measured the :
MmNde diameter of plast1c ttbmgs using various Zet yeboltS~

: ’
attached. to 1/2 in. steel tubing. - An electrical 1st te }ns1de

.caliper was also used to measure the 1nswde dlametgp/,or

plastfc tubes

Busch (7) developed a "mechan1cal mouse" wh1ch wastpulled
oo through the dra1n tube. by a small w1re The 1ns%rument had six spr1ng '
flngers equally spaced on ‘an alumlnum chass1s such that ‘whén the unit . ‘r
was pulled through the tube the f1ngers acted as feelers when moved
along the inside wall of the tube. Strain gages attached to the .
flngers penn1tted the measurement of changes in electr1cal res1stance
as caused by variatlons fn the shape of. the tube walls ThlS gave a
~‘~complete measurement of tube cross- sect1on Manley (23) used the
same measur1ng mouse" developed by Busch to measu(e\:::edeformatIOns

in the plastdc lined mole dralns The‘Instrument’has n reproduced

PR
&
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“and used later on with few modifications. Vaigneur (37) insta}ied

" mercury switches with eight contacts, one fef each fingeh»to properly

orientate the finaers.

1

A self-propel’ed drain-line camera svstem developed by Shull
- (30). gives a picture'of the inside conditions of the drain; The
system was 1im1ted only to pipe diameters of 4 ins. or more and water.
in the pipe to a maximum depth of ]/2 in. ‘

L Strain gages ?ecured and naterproofed to the‘exterior of:plaStic
tubes were used.by Myers et a] (25) to obtain the strains and : ///‘
def]ections produced as a result of ]oading the tubes

| Negi and Broughton (26) neasured 20 and#§0% deflections produced
in corrugated plastic tubes as a resu1t of field loadinq, uSing hard,
“ wooden, obiong 'Go- NoGo' p]ugs attached to. 50 ft 1ong, 1/2 in. semi-
' rigid p]astic pipes which were inserted in the drain tubes from access
trenches | | o

".2.6.7 Bedding Angie

Load bearing capaCity of - flexible condu1t is increased by the
':bottom groove ang]e The exact 51ze of ‘this ang]e in the trench bottom
" has been a matter of conf]ict .lqéﬁ?. |
: Vaigneur (37) investigated three groove sizes, 120 degrees,

180 degrees and 240 degrees The conclusion was that the 120 degree
bottom support was the most representative of fie]d conditnons

o ‘Myers and others (25) recommendeﬁxthat to. provide lateral -
- :tjsupport to 4 in ~diameter semi-rigid pipe, adl/2or 5 in. diameter '
cradle should be provided to support 160 degrees of the pipe bottom

~circumference

‘Davis: and Gieseié;n (Mn). have mentioned that groove angle hasl

<
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‘recently been chianged from 180 degrees to 60 degrees. A similar -

‘ expresSion 'is mentioned by Galeshouse (17). According?y, ‘the grooye

s

specification has been reduced to 60 degrees. The depth of a
‘.60-degree groover for 4 in. tubmg is 5/16 m s for 5 in. tubing 3/8 in.,
“and for 6 1n.° tubmg 7/]6 in. He mentmned that the groove was so

small in cross section that a change was not necessary for 4 5 or
6 "'e tubes in the .same- trench as the amount of defonnatwn to conform "

to the groove was dnly about 1/16 to 5/32 in.

~ .Drablos and Schwab (12) neas'&red groove angles for corruoated
"plastlc tubes lnstalled in the state of 0h1o " The groove anale ranged \

) from 0 to 157 degrees mth an average of 90.4 degrees The averaqe |

deflection was gneater for those installations mth a measured groove '

less than 60 degrees as coupared with those 1nsta]lat1ons with a groove
angle greater than 60 degrees. N ) S o

| Neg1 and Brouqiton (26) made fleld mvest@ons with a 90

d:gree V"groove and a ]50 degree c1rcular arc cradle in the trench

bottom. The concluslon was that a_ ]50 degree c1rcu]ar arc crad]e was

. not mqmﬁcantly better than a 90 degree 'V' groove.

“i



| CHAPTER 3
MATERIALS AND PROCEDURE

4

,“ S : ' ' ’ S e

3.1 Selectlon and Descnptwn of Soﬂs

~ The~major soﬂ types in the Edmonton area vary from sandy 1oam
“to clay loam (2,3). To 1nvest19ate nhether soil type is related ‘to .
_the load bearing capacity of corrugated p]astic drains installed at .
different depths ;by di'fferentjinstal]ati'on nethods; two soil types
having_ different textures ‘5ndvrepresentative of t_he 'Edmonto'n_ ‘sm']s nere
used in the experiment. . Following the soil survey c']assifi,c'ation of -
the I'-Zdnonton and -i’eaoe Hivlls sheets, sanple\.s; were coﬁected fromv
locations at -Devon,.'\Ellersjllie,. Miilet,b‘an‘d’fnponolta.» ., Samples were taken
fronf each 35 cm depth starting from the top25 cm cultivated horizon |
('A* horizon) to the 140 em swsoili('(}'ghorizon). Mechanical 'anal‘ysis
was dohe by the hydroneter nethbd 'on' 'ea'ch of the.soil s‘anples" on t.he ‘
‘basi's\of‘UZe Umted States Departnent of Agn culture soil |
classiﬁcatmn (5) Soils from Ponoka and the Ellersiie
_Agncultura] Engmeermg Farm were found to be sandy 'Ioam and silt
: loam texture respectwe]y These soﬂs were then se]ected for study

The partlcle size d1str1butlon curves for the soil from the' 'At.
hovrizon of bsth soﬂs are shown 1,n f1gure »1‘ Analysis of_the subsoil
from 'C' honzon is. reported 1n Appendwes 1 and 2. The physi}cal
-.propert'ues sucﬁ as texture and Atterberg lnmts (22) were found and
are reported in tables 1'and 2. The general descnpti.on (2,3) of

.both soils is as follou5' = L
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| o z
| _Sandx Loam ‘ . Silt Loam | |
Location " Ponoka SW 20-42-25-W4 ‘Agricultusgl Engineering'

| Farm Ellerslie, S;--Zd
. -51-25-W4 |
Soil Series . Peace Hi]is-Sandy Loam ' Pdnoka Silt Loam (Pk. Sil)

* (Ph.sL) " |
Classification ~ Orthic Black Chernozem  Eluviated Black Chernozem
Parent ‘.'Alluvja1 aealian nateria] Alluvial lacustrine,

‘Material . A, o . o medium textured.

Both soils were_a]so.classtfied according to the Unified
"Engineering 5011'01assification; lThe sandy,loan‘sdi1-from the ronoka
10Catipn_faT]s.within the SM tO‘SC-SO{] groups and‘}he-sjlt'ioam soil
from the E]]erslie'Farm ]dcatjon falls within the ML to'OL.soil groups.

3.2 'Descriptiun of the Corrugated Plastic Tubes.

The two types of corrugated plast1c dra1nage tubes 1nvest1gated _
were the "ADS" manufactured by the B1g "0". Dra1n Tile Co. and that.xv
manufactured by the Daymond Co These are shown. in f1gure‘2. Both
drain tubes are 4 in. 1n51de d1ameter The maJor d1fference Tlies in _v
‘the number of water entrance slots and the pattern of corrugat1ons

The shape of the corrugat1ons are flat and square in the ADS

tube whereas they are round and sp1ra11ed in the Daymond tube. The ADS

“tube has three rows ‘of water entrance s]ots'spaced equally around the

_.tube c1rcumference prov1d1ng a tota] water inlet area of a. 752 sg. ins.

per linear fobt. The Daymond tube has e1qht rows of water 1nlet slots

“which are b1qger than in the ADS tube. The total inlet area was not
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specified for the Daymond tﬁbe.' The. average denth of corrunation is

0.225 inches in the ADS tube and 0.205 inches in the Daymond tube.-
3.3 Exper1menta1 Des1gn

The factorial design (19) was used for the ekperiment: The

factors and the Ievels chosen‘for the study are as follows:

Sei] type SO | s - Sanqy Ibam, silt loamgx
_Cerrugated plastic tubing."' P " Big "0“,fﬁaymond

vDepths of installation D . BT cm, 125 cm

Method of 1nsta}T/;10n 1 o Mole, Trench e

There were two replicates for each treatment and all 32

treatments were randomized. The mode for_this factorial design is:

Yijklmtftw%§+vli +,Dj + Igij + Pk + IPik>+ Dij +

. 5,”,;Dpijk f:S] *+ IS4y + DS, jl + 105, jk * RS 2.
/\+ IPS.k] * DPSS + IDPS Jk] + emmk]) '
where Y. represents the observed loads,

. represents population mean,’
15 represents)inSta]]ations; ik 1,2'
D. represents depths:’j = 1,2
,Pk_represehts plastic tebes; k"= 1,2
‘S1 repreéents soils: 1 = 1 2
e (1Jkl) represents random error (rep]1cat1on) = 1.2

Al] sources of varlatlon except rep11cat1ons were cons1dered f1xed,

3.4 Exper1mental Procedures. , - _
. I3 ?
Two soil test boxes 17 2 mx 0.75mand 1.8 m h1gh made from .
3/4e1n,_plyuood-were used (see figure 3). Two holes, 42 cm above the

’ bottpﬁ of the test boxes, were made on the 0;75 m 51de in order to
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‘Figure 2. Corrugated plastic tubes d§e¢ 3hhthé experiment.

"u.'

Figure 3. ntest“boxiahd,expefinehtil.géfﬁﬁp,.J
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‘ place the test sect1ons of 4 in. corrugated plast1c tub1ng The test
boxes were set on concrete block supports.
: The sot] was plaged in the test boxes_in 10 ¢m layers and
- packed with a standard 10 1b t%nping rod. 'The tanping'was done on a
v 6'fnl x 6 in steel p]ate p]aced and moved over each soil 1a}er “The

plastac tub1ngs were installed in no]e channe]s as well as in trenches

The mole channels were made by 1ay1ng a]um1num pipe having an

L outSIde diameter s]lghtly larger than the outside d1ameter of the-

.plast1c tubes. After filling the so1l box to a depth about half the
dlaneter of the holes on the sides -of the boxes the a]um1num pipe ¢
%as pushed horlzonta]ly thrdugh the soil from one ho]e to_the'other.
Then the soil was packed carefully'around'and,above the aiuminum pipe
'iunti] the’desired depth of insta]lation‘was reached, After ft]ling‘the'
'boxiwith soil to the195 cm or 125 cm depth the a]uminum-pipe was pu1]ed-
! out snbothl}.' Then the corrugated p]astwc tube was pulled into the o
mole channel thus forned ' : REERY |
Plastlc tubes were- 1nsta]led in 10 in. wide trenches which were
" made by holdlng two p]ywood sheets 8 1/2 ins. apart in a soil box.
After the sotl was packed a]ong the s1des, the plywood sheets were
'removed thus ]eavrng a trench Invest1gatlons by Negqi and)Broughton -
h”;(26) shoued that a bedd1ng angle of 140 to 160 degrees gave a maximum
“ioad- bearing capac1ty to the p]astlc tube Rektor1k et al (27) found
“'that the beddlng angle in the range of 120 to 160 degrees was the most
de31red bedding angle for plast1c tubes.  From the above 1nvest1gatlons,

T a decision was made to use a 150 degree bedd1ng anqle ‘The bedd1nq

angle was,prov1ded by placing cut sect1ons of 5 in. diameter alum1num

Fd

x to the centre of

. pipe;\ehoun in. flgure 4. After fi]l1ng the soil
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the S'Ide—holes, ‘the alurmnum cradle was pushed horlzontally through
the slde,hole. Great care was taken to place this a]ummum cradle in
~.a horizontal and central position in the soil box. The plastic tube
then was laid on this cradle and the soil was 'carefullly:packed
aromnd it. I

Whi ]epacking the soil in the soil boxes, the buTk density of
each ]ayer was me asured us1ng a hand- he]d Gamma Ray soﬂ bu]k dens1 ty
meter shown in figure 5. The uno probes, 2. 17 cm in dlameter, are
14 cm apart.(.]4). The probe, marked in 5 cm depths, contains one
nril]icu-ie of caesium-l37 The time taken for the gamna rays to reach
the secbnd probe IS recorded by %’g scaler The scaler is operated
by a 6- volt rechargeab]e storage battery and the counts are set bﬁ
presetf countvse]ector.‘ The probes» were'lowered 1nv»the holes made by.
a soil core sa'np]fer and thenmade to the exact diamete.r by ,pushing
“the dummy soi'] probes {into the holes.’v' The probes were Towered_and '
held at two depths in each 10 cm layer of packed soil. The time in
seconds was recorded by a,watch on the scaler The preset count was
kept at 5 x 103 countsreper m1nute throughout the experunent - Moisture
content samples from each ]ayer were taken with a soil core sanp'ler
while makin'g holes for the soil probes. The Imoios’ture' ‘content was
| 'detenmned by the gravmetnc method | —
| - The soil bulk denSIty/was rreasur:ed at buo sites in- the soﬂ f

box for the mole 1nsta1'lat1on but for the trench mstallatwn measure-

‘ ‘nents were made in the trench and also outs1de the trench “From
.. & . :

s
£l
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Figure 5. Hand

\

_Figure 4. Aluminum sections used for bedding angle.

“held Gamma Ray soil bulk density meter.

’
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the time:recorded and the moisture confents, the dry soil bulk*density

was determined from the following equation.(14).
. ]

where DD = dry bulk dens1ty, g/cm

W I

<j3 T¢/Ts = the ratio of the time to collect 5,000 .vw
I counts in the test position to the time
to collect the é%me number of counts for.a
° standard exposure, |
':“ - ' | W = the m015ture content in percent on an

, oven dny ba51s

) _‘;;I; A Cassette computer programme.uo » Block 3, ver1fy No 2422
H'°< for th1s equat1on ava1lable in the Department of Agrlcultural
Englneer1ng, Un1verS1ty of Alberta was used to calculate the dry Bulk L
dens1ty Fomputat1ons were made us1ﬁo this prooranne on a Hang

A ProqraNnnble calculator Model 600 connected to a Teletype.‘ The values

' ofth, T and W were inserted on teletype to aive dry bulk denSIty reSults

» For the appl1cat1on of loads from the surface of the §o1l in ;A
the test box a steel frame shown\1n flgure 6 uas deSIgned iAll
loadéﬁappl1ed to the so1l surface were taken by the steel frame and no '

o load waﬁﬁtransm1tted to the floor except the dead load of the 5011
o test box and the steel frame 1tself It was ant1c1pated that loads of .
up to 20 000 ibs would be reached durlng the exper1ment S0 that the
steel frame was des1gned (9) for a 20 000 lb ult1matefload wrth a
factor of safety of 1.5. The frame essentlally ConSlSts of a top LF- ,f
beam, side channel beams bottom s1de I-beams and free bottom I- beams

‘ The s1zes and cross- sect1ons of the members are: g1ven in Appendix 3
‘ : N

P)
i
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The botﬁom I-beams were free and could be removed easily. Dur1ng the

- experiment’, the two soil test boxes remained stat1onary on supports

while the steel frame was moved for load appl1cat1on to the_so1l,sur-
facerf_each'soil test box | | _ |

The loads were appl1ed to the soil surface in each soil test ,/’
box through an 8 in. X 10 in, load1ng plate made of 3/4 in. steel

plate.  The size of thws loadlng plate was selected by taking the mean

of the t1re contact areas of a var1ety of farm mach1nery R

The load1ng plate was shaped to fit the base of the hydraulic jack when

settlng on the s011 surface w1th the ram- fac1ng the top I-beam of the

~frame as shown in figure 3

',A=50-ton hand-operated‘hydraulic jack was.used'in$the 0o

experiment. The jack was calibrated for‘%’ctual loads. and indicated

plastic tube | Each finger on(

loads on the gauge. - The cal1brat1on was done-at the Civil Eng1neer1ng .

: q‘Department Laborator1es,,Un1vers1ty of Alberta The calibration curve

¢

is shown in f1gure 7.
| The toad was appl1ed in 200 to 250 1b 1ncrements and was held
constant for about 2 minutes to record the correspond1ng deflectlons;

A stra1n gage mouse similar to the "mechan1cal mouse" prev10us1y
[N

.mentioned, was constructed to record the' deflect1on There were two_-

spr1ng f1nger un1ts connected as shojikﬁn figure 8. The f1ngers for

the alignment set were 27 cm long and for the rear set 34 cm long

'They were made of l 2.¢cm w1de bery/lium bronze material Nlth a’

.thickness of 0 020 in.  The front set’ helped to align ‘the 1nstrument

whereas the rear set measured Ege deflections developed 1n the
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~ INDICATED LOAD - LBS x 10° -

33

S B S 8 0 2
” " ACTUAL LOAD - LBS x 10°

Figure 7. Calibration curve for the SOf’ton,.hydraulic jack.
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) active and compensat1ng of the type EA-06- ZSOBG 120 (f1gure 10). The

two oppos1te fingers were con51dered to make one channel and hence

channel No. 1 measured the vertical deflection and channel No. 2

'neasured'the-horizontal deflection. The signal from each channelhwas’

amplified through a DC anp11f1er Accudata 104 and recorded oﬁwdvrec}

print paper spec. 98, in ultra violet recorder type SE 2005 (see fiqure
| 9)s Spec1f1cat1ons are g1ven in Appendix 3.

The strain gage mouse was calwbrated w1th a constant‘ga1n on'
the anp11f1er for both channels. The callbrat1on was done by hon1ng
the two f1ngers in a channel made of alum1num pleces, shown in figure

:9,,wh1ch had clearances of 2,4,5,6,7,8,10,12 cm 1nc1od1ng_the thickness
| of the strain‘gage nouse fingers; The corresponding deflections were

recorded on direct print paper. The ca]ibratton corves;are shown in

~ figures 11 and 12. | | ‘; oL |
| For each‘load increment applied, the deflection'nas recorded

. on direct print paper by pu]l1ng the stra1n gage mouse attached to .
Tvthe,S ft Tong copper rod, through the plastic tube. Care was taken
to keep channe] No. 'T in a\certieal position-byukeeping the'handTe

’ attached to the pull1ng rod fac1ng vertical]y doanard

P

The stroke of the hydraul1c jack was T1m1ted to 7 ins. - After
reaching that T1nnt the pressure in the hydrau11c Jack was jeleased
vand wedgs made from stee] p]ate were placed in between the hydrau¥ic - |
Jack base and Toad1ng pTate to fill the gap. ) After the pipe co]]apsed,
lthe hydraullc Jack was removed and the total settlement of the pTate )

was neasured.

After couplet1ng a load test the soil box was placed on supports
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" Figure 11. Calibration curve for Channel No. 1 of strain gage
o measuring mouse. o
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hsing the 1 1/2 ton hydraulic jack. Then the free bottom I-beams
were taken out and the steel fréné was moved to the second soil test

box reédy for dwloaa test. After moving the steel frame to the second
soil test box, the soil was taken out of this lbox and covered with a
po]yethy]ene-shéét in order to Eeduce the los§ of mbistu;e. ‘While
emptying the soil box;’the bulk density of tﬁe coﬁpressed soil v
underneath thevfoading plate and 10 cm abdvehthe top Of'the~p1astic
tabe:was measured with the Qanna ray soil bulk density meter prevfdusiy’

P 1
~mentioned. . -
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 CHAPTER 4 3
RESULTS AND Discussu%

&>

4.1 Soil Bulk Density. i //)

The average soi]*”bu]kvdenéity gradié"t maintained ih the
experiment and the field sof] bulk density gradient of soils in the
Edmonton area as reportedvby Verma (40), are shown in_fignre 13. An
average soil bulk denejty of 1.4 was maintained in both soils used

~in the exper1ment |

Irwin (20) found that the dry bulk dens1ty was 1ncreased about
5% over a thickness of 8 to 10 in. be]ow ‘the drainage tub1ngs and at
the sides after the tubings had»been laid with the Badger drain plow.
ThlS was ach1eved in the experlment by g1v1ng more tamp1ngs to the
so11 underneath and around the aluminum p1pe which was then pulled out -
to leave a mo]e—cﬁ?ﬁﬁ?l The bu]k dens1ty of . the 5011 measured around

‘fthe mole- channe1 1n the experIment was 3 to 6% greater than the

'f’surround1ng so11
A]though a.comparisonﬁbetween the'bnlk densities of earthfill"
_ jin,trenChesvand that of the surrdundihg.undistdrbed soil has'never been -

. rade. expectat1ons are that after 2’or 3 years of dra1n 1nsta1lat1on

' the bulk dens1ty of earthfil’ w111 still be. ]ess than in an und1sturbed
2cond1t1on To simulate this cond1tlon -the bulk den51ty of the

earthflll 1n the exper1ment was kept at 7 to 12% less than the )

E surround1ng 5011

r

'  * The tenn-%dil bulk density refers to the dry soilub01k density.
‘ . 0 » . _ .
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Analysis of the bulk density data obtained in each test run
showed that the average variation of bulk density in the experiment
was 9.13%. This var1at1on seems to be close to that expected

under f1e]d conditions.

4.2 Analysis of Variance

Data was obtained on load Vs deflect1on in the corrugated
p]astlc p1pe. Both vert1ca1 and hor1zonta]‘deflections were recorded°
but only the vertical def]ection is taken as a baSis for testing and P
compar1ng the durab1]1ty of corrugated p%aSt1c draln tub1ng and other |
factors such as so11 type, installatijons and depths The qraphs of
load vs vert1ca1 deflect10n, as a percent of the or1g1nal diameter of
the tube, were drawn for each tppatment. comb1nat1on Some of these
'graphs.are g]ven in Appendix 4. The data use€)1n the analys1s of _
var1ance are the. surface loads (1bs) that produced 0 5,10,15 ...70,75%
deflect1on', and also the loads at fallure ~The failure load is
def1ned as the maximum load reached after wh1th the load starts
decreasing and the increase in def]ect1on is rapid. .
The analys1s of” var1ance was coggu}ed using a library computer
g’ programme (43) Analysis was made fon'each deflect1on percentage, :“'
h.-that 1s, 0 5,10, 15 .... 70, 75%, and for fa11ure loads. The sxgnlftcant-
factors, with the F-values for each ana1y51s, are reported in \\
‘Appendi x 5 The ana]ySIS of variance for al1 def]ect1ons was also //,,
computed. ‘The resu]ts are reported in tab]e 3. Th1s analys1s of
_variance shows the var1at10n over means of percent def]ect1ons and

-

, 1nteract10ns of factors w1th’percent deflections. These‘results are,,u

not interpreted as they have llttle pract1ca1 value .Howeverr 8

are reported in Append1x 6. . . ,
These de:ject1ons do not 1nclude deflectlons due to earthf1?:

. : . - . ' o 2
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TABLE 3. ANALYSIS OF VARIANCE OF LOADS (LBS) ON THE LOAD PLATE.
‘Sodrée of | Degrees’of o \ﬁean. : ,
Variation . Freédom -~ Squares. F-Values
R — T &
I W] R 0.38862E08 ~  14.2206**
D o 1 0.81360608 29.7713wex
U o1 4 o.1sssiE0s 6.7993*
s R 0.15605€09 57.1017++*
s 0.15247€07  0.5579
bS. 1 | 0.34492608  12.6213%
P | ?: 0;3281i£o§ 0.1201
O (0.35528E07  1.2999
o R | " 0.48621E06  0.1633
s oy 0.78311E06-  0.2866
| ereor © 16 0.27328E07
% significant at .05 probability leﬁel{i;”
| Significant at' .01 probability ]evel.‘ =

Akx vSignifiCant'at.;OOl probability level.
.+ 0.38862£08 means 0.38862 x 10°

<



4.2.1 Main Effects.

.The computed F- va]ues (table 3) snow that the main effects of
1nsta]1at1ons, depths and so1]s were highly 31on1f1cant.

The surface loads which the corrugated plastic tube’ @raIns can
support are significantly greater when installed in sandy loam soil
than when installed in- silt loam soil (tab]es 7 8) The reason seems
to be the h1gher clay contents at the depths of 1nsta11at10n in s1]t
Toam soil than in sandy ]oam so1] The moisture contents around the
plastic tubes ranged from 26 to 30% in. 511t loam, which were greater
than the plastic limit, ’and hence the soil was in a relat1ve ow
condftion.‘ Soehne (31) reports that the compressive stress in the - sovl

has a tendency to concentrate around the load axis. This tendency

“becomes greater when so1] becomes more p]ast1c due to lncreased mo1sture _

content and when the 5011 is less cohesive’ ‘Although the silt loam
'so11 is more cohesive than the sandy loam s0il, the higher moisture
contents in silt loam contributed .to the greater concentratjon of:.'
equa]'pressure lines towards theIIOad axis. A]So‘the equal pressurer
d1str1but1on Tines become narrower due to flow of soil and extend o
~ deeper thus transmrtt1ng greater pressure. Th1s f]ow‘of sowl also
resu]ted in greater settlement of the load p]ate as compared to the
sett]ement in sandy ]oam soil causing the p]aStIC tubes lnstalled in
silt. ]oam soil to: fail at lesser surface loads as compaFEﬂ t0pthe'b -
tubes 1nsta11ed in sandy Toam soil. | o
Another factor whlch contributes to s1gn1f1cant d1fferences in
load values for the two 'soil types seems to be the dlfference in bulk

. dens1ty Th1s may be due to the greater tendency of the 51]t lq%m

va
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| 5011 to 1ncrease in moisture content w1th 1ncreas1ng depth and thus -
to form Tumps more readily. A]though more compact1ve effort was'

‘giuenkto the silt ]oam soil as compared to the sandy']oam, the higher
.moisture contents and tendency to form clodsicontrihutedrto a

. 'relatively Tow bulk density compared'to_the:sandy Toam soil.  As
mentioned -in the review of literature, Manley (23) conducted

.lnvest1gat1ons on three d1fferent t;pes of soil and conc]uded that the
greater percentage of 1oad var1at1on\1n d1fferent so11 types was due
to the var1at1on in bulk density. . _ . e

The surface IOads which the~corrugated pTastic tubes -can

support when installed at the 125'cm depth are significantlyihjgher

. than those{installed at the 95 cm'depth The conclusion isbthat
dra1n tubes installed at greater depths are affecfed less by surface _
loads than those 1nsta]1ed at shal]ower depths The sett]ement of
the load p]ate was 67.5 cm in the case of the 125 cm depth of |
1nsta11at10n as compared to 46 7 cm 1n the case of the 95 cm depth of -
1nsta11at10n. Th1s_may be expla1ned by Soehne's pressure ,ﬂ
drstr1but1on in soilb(3l) --At greater depths of installation the’:‘

buﬁb shaped+equa] pressure distribution lines wou]d transmit Tesser v

' \ﬁpres agg D%%he p]astlc tubes 1nstalled at greater depths as compared
1'«. ’i “’\' ;\{ 9“
o " .

to theﬁ%ﬁﬁg ¥& tubes installed at shal]ower depths when the same

Cahisay

' amount of luh%ace load is appl1ed Consequently, qreater Toads and
fgreater sett]ements of the load plate are needed for fa1lure of
plastic p1pes at greater depths of insta]latlons as compared to
sha]lower depths. Most farm mach1nery and equ1pment used on farms
probab]y would not settle -h depths and cause drain tube failures.

" The F-ya]ues in table 3 show that the différences in effect‘due‘

Ta
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 to installation are highly significant. The mean load value of the.

mole-instal%ation was 8089 1bs as compared to 7554 1bs for the trench
insta]]ation Th1s shows that the strength requ1rements for corrugated g
‘p]ast1c tubes 1nsta1]ed in mole- channe]s is significantly lower than

o

for p1ast1c tubes 1nsta11ed in trenches This 1s due to add1t1ona1

o .support prov1ded by the arching effect of the soil in. the mole- channels.

Arch1ng is def1ned (35) as a transfer of pressure from a yielding mass
of soil onto adjoining stationary'parts‘ Th1s pressure transfer takes
'pIace through the mob111zat1on of. the shear1ng res1stance of -the |
mater1a1vwh|ch tends to oppose the relative movementvw1th,the soil

mass.‘.Although this_arching’effect ts a1SO:produc _trenghes’when
fsoiT setttesasthis.seems to be'more pronounced id/::::nchannels This
probab]y 1s due to a more uniform bu]k dens1ty c1rcu1ar area around the»'
R mo]e channe] giving a better bridging effect for the soil. Also the

curved bottom of the mole- channe] gives better bedd1ng cond1t1ons to

.‘-plast;g tubes and hence lessens the stnength requ1rements when

1nsta]1ed in mole channe]s as compared to those 1nsta1]ed in trenches

"A]though the bu]k dens1ty around the mo]e channel was ma1nta1ned at 3

a

nto 6% more than that of the surround1ng soil to simulate f1e1d

cond1t1ons, the 1ncrease in bulk den51ty due- to pu]]wng of the mole

et

B }p]ug 1n the natura] soil cond1t1ons 1n the field may be expected to

i g1ve a more uniform br1dglng effect.gnd hence even less strength

_requ1rements for dra1n tubes installed 1n mo]e channe]s ’; 7
~The trench w1dth v 10 in. as compared to the convent1ona] 18

in. trench'1n the fie” . Newer trench1ng machlnes have recent]y >

reduced th1s w1dth from 18 in. to 10 1n. As the,overburden weight on

-

LD
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"a buried pipe is a fumnction ofgthe SQuare'of the trench width, so

_ the comparison of mole-channel installation with'tréhch’installation
with reSpectﬁto‘the strength requirements of corrugated plastic drain

tubes is on the safe side. No'gravel‘was.used‘On the trench installed

‘ o

drains for'b]inding;purpoSes”as the‘grayel,eneve1ope ddesfnot improve
‘the load'carrying»capacity of the subsurface drains (26)' | |

The computed F- va]ues in tab]e 3 and in-Appendix 5 show that
the d1fferences in the two types of corrugated plastic- dra1n tubes are
not significant. Both types,of tupes are about equal in 1oad—bear1ng »
capacixy. ‘ . -

4.2.2 Interact1ons. ' k’-‘;" ' ‘ -

S &

The 1nteract1on between so1ls and depth is h1qh1y s1gn1f1cant
' and between depth and installation is 319n1f1cant ~The. resu]ts in’
Appendlx 5 show that the 1hteracglon between depthfand“1hsta11at1on

- (ID) is signjticaht oh]ysfor def{ectionsﬂgreater than 35%. However,
this discussion is based on the'results.ohtained from'the‘ahalysis of

' . . ' i «o

var1ance over all the deflect1ons

° i o 3\

| Depth and 50115 (DS).
i The mean load values for both so1ls and depths are shown 1n ‘the

.lnteractlon table 4. The means of the 1nteract10n are compared us1ng
Tukey s procedure as: ;utIIned by C1cchett1 (]0) " The tab]e shows,that
‘the mean surface loads which the corrugated p]ast1c tube dra1ns ." | _

’ 1nstalled at 125 cm and 95 cm depths in. sandy loam soil are swgnlfmiantlyd

greater‘than uhen ;3§talled in silt loam so11. ﬂThe response.curves for

this- Interactlon are shown in flgure 14 The trend betwee;:_‘e_two

o 50115 1s dlverglng ulth an 1ncrease ln depth of 1nsta11atlon show1ng
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the marked contrast in load bearing capacity of plpstic tubes
installed in sandy Toam soil than in silt Toam soil. The s]ope ofvthe
interaction.line for the sandy loam soil is steeper than that of the
s1]t loam soil showing a- re]at1ve]y greater change in load carry1ng
capac1ty for p]ast1c tubes when the depth of 1nsta1]at10n charniges
from’95 cm to 125 cm. Th]S trend also shows that with the increase in
depth'of installation, the_eﬁfect of surface loads becomes less
prominent and hecomes re]attvely ]ess.effective in sandy'loam soil
than in the case of silt loam soil.

Installations and Depth (ID).

The mean load values_ofithe interaction shown in the
"interaction tab]e 5, when compared by Tukey's procedure, irdicate that
the mean ]oad values for the mole 1nsta1]at1on at the 125 cm depth

are s1gn1f1cant]y h1gher than the mean load values at: the 95 cm depth.

- This 1s not the case for the trench 1nstallatlon A]so the load R

va]ues for the mole 1nsta1]at1on at the ]25 cm-depth is s1gn1f1cant1y
:greater than the load value for the same depth for ‘the trench | |
installation. Response curves for this interaction in figure 15 show t
a diverging.trend for the mo1e‘insta11ation This‘indicatés’that with
the increase in depth of 1nsta]lat1on mole. 1nstallat1on becomes a
’more eff1c1ent way of 1nstal]at10n for reducing the strength

requwrements of corrugated p]astlc dra1n tubes. The reason is the_
‘br1dglng effect of so11 around the mole channel which‘has been
d1scussed prev1ously. | |

4.3 " Surface Loads.

The surface ]oads for deflect1ons of O 30 and more than 30%

(fallure ]oads) are given in tables 6, 7, and 8 respectively

-
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The analysls of variance for 0%'deflection SAppendix 5)‘shons
~ that only the effect due to installations and depths are h1ghly .
51gn1f1cant . The effect due to soil ty§§y1s not significant. The.
‘mean loads for both the 501ls are reported in table 6. A minimum
average surface load of 62.7 psi w1ll produce no deflection in
corrugated plastlc tubes 1nstalled in mole chan ls at a depth of |
95 cm.‘ This value (58.8 psi) is lower for plast1c tubes 1nstalled ine
trenches The surface loads are ev1dently h1gher for th:;w;s cm

depth being 67 3 p51 for mole 1nstallat1ons a@p 63 8 .psi

or trench—

“installed plast1c tubes ’ ' P"
s : ,
As reported ™n Appendix 5, for the case of the 30% deflection, B
_1nstallatlons, depths. SOl]S and the 1nteract10n between depth and so1l

(DS) are highly s1gn1f1cant. The surface load values for these

s1gn1f1cant factors are shown in tabl-gfﬁ The average: surface load

values (in pss) are higher for the mole 1nstallat1on than the trench— -

installed tubes. These values ‘are hlgher 1n sandy loam so1l than for |
silt loam soil‘and also hIgher for greater depths of 1nstallat1on

These conclus1ons add to the conf1dence of 1nterpret1ng the results

' _ obtalned from an analy51$ of var1ance of overall data rather than

depend1ng only,on the results from an analysis of variance of single
deflection‘percentages. These load ualues'are-the‘safe limits for the
surface loads which can be- applled to the flelds having corrugated

| tubes 1nstalled in the respect1ve soils and depths in moles or 1n
trenches | , B

The surface loads whlch will cause fa1lure in C’Jgated

plastlc tubes are shown in table 8. The deflect1ons'for-these failure

hd -
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TABLE 6: - SURFACE LOADS (LBS/INfz) FOR 0% DEFLECTION.

N

‘Depth of = 4. . Sahdy Loam Soil ( . Silt Loam Soil

’.1nsta11atio§§§'i | Mole . . Trench ‘Mole  Trench

: . L
. ',"-” : « ' N © . . ‘ .
' o o B s ; : .
95 am . -‘g P 9 d P
Lan - C ko e, g
‘ L S A

125 k-

. TABLE 7: SAFE LOADS (30%-BEFLECTIQN) IN LBS/IN.Z.

* 5
Depth of . Sandy Loam S0il Silt Loam Soil
Installation Mole Trench , Mole Trench . -
95 cm . .10 985 98.2  90.3
125 cm 23 ma7 1080 87.6

"

" TABLE 8: FAILURE LOADS (LBS/IN.Z) ”

Depth of .. sand Loam Soil . _  Silt Loam Soil
Installation ' Molé - Trench - - *° Mole  Trench
%em 105.0 103.6,  99.0  95.0

125 om C o ers mza - 057 98U

54



85
loads randed from 35 to 5Q% of the original diameters of the plastic
tubes ' | .

The analys1s of variance for the failure loads 1s also given : géglﬁ.
in Appendix 5. The effects due to methods of 1nsta1]at1on‘and the
vinteractiéhs~between depth and soil (DS) are signi%icant. Also, the
effects due to depth and soils are highly significant. These are
the same factors which:were significant for 30%Jdef1ections and for *
~ the qverallddata.. These faiTure)ioad va]ues~are7not likeiy“to be-
_exceeded” in thevfie]d due”to present day'farm'machinery and equipmeht; o |
waever. these values are a good guide for heavy machines or equipmeht

which may be used in the future.

4.4 Deflection Due to Earthfill.

The average deflection produced in corrugated p]asb1c tubes
due‘to'lbad of earthfi]]”iéatrenches was 0. 4 cm in the case of the 125
m depth of installation and 0. 22 cm 1n the case of the 95 cm depth of

r&nl

,1nstal]at1on .

These deflections do not lessen the strenoth of corrugated
rp]astlc‘tube drains but according to Watkins (42), a mutua] contrwbut1on
ih strength'of soil to tube and tube to so11 is created in a h1nh]y'
success}ul interaction He xp]ains this in the fo]]ow1ng statement
"The decrease in vertical d1 meter of p]ast1c tubes re11eves the tube
of h1gh.vert1ca] pressure—corncentration and forces the so11 totsupport
part»bf‘theiload in arching action over the tube." This condition
is attained in the‘experiment with these small émounts‘of deflections.'

The deflectlons due to earthfill loads are expected to be

higher in the fle]d whi]e ]ayIng plastlc tubes with convent1ona1
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trench—]aying machines The reason may be the great care taken durlng
p]ac1ng earthgé]l on the plastic draln tubes in the exper1ment which
is not expected in the field. ﬂatk1ns (42) a]so reports that r1ng
deflection is determined pr1mar1]y by sett]ement of the s1def11] and
is approximately equa] to the sett]ement of the sidefill.. He mentions
that problems in ring deflect1on are solved if dens1ty of the s1def111

is greater than the cr1t1ca1 vo1d ratio. Although the critical void
| ratlo of the s1def11l was not determ1ned, 1t can be said that due tu
the care taken in p]ac1ng and conpactIng the s1def11f> the density of

the sidefill was greater than the density at the critica] void ratio.

\\%\
!
/



CHAPTER 5 ‘ x ‘
'SUMMARY AND CONCLUSIONS °

;
\
“wre

The cost and 1abour for 1nsta]]1ng subsurface dra1nage has
P .
been re?uced by u51ng corrugated plastic tube drains., Research is
needed to assure ‘that performance is adequate under spec1f1c so11
and surface loads ‘due to farm machlnery and equlpment or other .
.concentrated loads. Spec1f1c values of surface loads wh1ch may

cause failure in two types of corr%gated plastic tube draips °

_.1nsta11ed in two Edmonton so1]s at two most probable depths of
'1nstallat1on in trenches and mo]es were estab]1shed Effects due to
soil types change in depth and comparison between trench and mole
’1nsta11at1on and two ypes of corrugated p]ast1c tubes were also
jnvest1gated . *;
‘Test sect1ons of . 4 in. corrugated plastlc tubes uere 1a1d o
hor1zonta11y in. two types of so1ls (sandy loam and stt loam) The
soil was packed in soil test boxes’ and bulk dens1ty ‘was measured d_
4 The two types of tubes were 1nstalled at 95 cm and ]25 cm depths of
”b1nsta11at1on in tpenches and as mole dra1ns._ Stat1c surface foads’
~ were app]iedfiy é“hydraullc Jjack in 200 to 250 Ibs. 1ncrements and o
'corrgspond1ng deflect1ons were vecorded by a stra1n gage measur1ng -

l

' mouse The' fol]owlng concZuSIOns were drawn

e
A

1. Strength requvrements for corrugated p]ast1c tube drains were
less when 1nsta;1ed in sandy. loam soil than when 1nsta11ed in
o silt loam soil. | )
2. ~The surface loads whlch the corrugated plast1c tubes could
.support at the 125 eam depth of 1nsta]lat1on were SIgn1f1cant¥yh

57
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higher than at-the 95 cm depth of installation.
3. " The corrugated plast1c tubes 1nstalled in' mole- channels
| (trenchless method) supported s1gn1f1cantly greater loads ‘
than when installed in trenches. | -
4. ~ There was no s1gn1f1cant d1fference in load carrying capacities = ¢

of the 'ADS' corrugated plast1c tube dra1ns manufactured by the

. Big '0* Dra1n_T1le Co. and’that manufactured by the.Daymond
Co. ' o b

S

5. . Minimud surface loads of 62.7 and 58.8 lbs/ in? at the 95 o
| depth of installation caused no deflect1on (0% deflect10n) 1n g
. corrugated plast1c tube dralns 1nstalled in mole-channels and

'1n trenches respect1vely For the drain tubes 1nsta}led~df/1he

125 cm depth in moRe channels and in trenches, the loads were
¢

67.3 and 63. 8 lbs/1n2 respect1vely . ?
6. Surface loads of lOl l and 98 2:1bs/in. 2 for mole and 98 5 and
”9@ 3 lbs/1n 2 for trench 1nstalled plastlc tubes at the 95 cm

, depth in sandy loam and silt loam soils respect1vely were safe
"loads (30% deflection). The values of these loads for plast1c,i
'tubes lnstalled at l25 cm in sandy loam and silt. loam SOl]S
f~flrespect1vely were 121.3 and 105 1 lbs/rn.z for mole and ll4 7
xnﬁd’:i ::: 'and 87 6 lbs/ln 2 for trench 1nstallat1on respect1vely.
vl._i Corrugated plast1c tube dralns 1nstalled at the 95 cm. depth of
| B 1nstallat1on in sandy loam and s1lt loam 501ls fatled at 105. 0.
. and 99 0 lbs/in. -and lO3 6 and 95.0 lbs/in 2 when installed’ 1n -
| mole-channels and trenches respectively The values of these |

‘failure loads fa

*ﬁthe 125 cm depth of installation were

"‘fsignificantly higher. 127.5 and 105.7 lbslin. , and N17.1 a
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98.1 ibs/in 2 for ﬁo1e and trench‘installation in sandy loam
and 51]t 1oam soils respect1ve1y,‘than when instalied at the
95 cm depth ” w |

Def]ect1on due to earthfill loads was very sma]l (less than |
]/2 cm) Careful bl1nd1ng and backf11]1ng wh]]e 1ay1ng the
corrugated p]ast1c tubes in trenches prevented any damage

~

With the increase in depth of 1nsta11at1on trenchless (mole)

K 1nsta1]atlon becomes more eff1c1ent than trench 1nsta11at1on

by reducing'the;strength requirements for corrugated plastic
tubes.

The corrugated plast1c tubes failed after cons1derab]e

f sett]ement of the load p]ate 46.7 and 67.5 cm\\or 95 and
125 cm depths of 1nsta]1at1on respect1ve1y ;»:\\\

: Test sect1on§)of corrugated plastlc tubes regalned thblr

\ N .

or1g1nal shape after they were taken out of the s0il.

o ‘ . J



< . . cHAPTER 6

SUBKESTIONS FOR FURTHER WORK <

a

'S1m11ar research should a]so include 1nvest1gat10ns of soil

pressure d1str1but1on

Invest1gat1on of surface loads should be made at d1fferent

"mo1sture 1evels "
Ay

Research is needed for 1arger d1ameter corrugated plast1c
drdin tubes in the 6 to 12 in. d1ameter range
Def]ections of . corrugated p]astic dra1n tubes in the fleld

. over long per1ods of 10 to 15 years should be investigated.

<

o
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APPENDIX 3:

Steel Frame ;‘
_ Descr1pt1onAN . A b' -f  - Size ;' Nos. o X-section
_§ott0m“Freebi;beams,“x' 4 £t | 5 417.7
_ﬁhBottom S1de L beams 5 4% ft - 2 5110
‘r;iS1de Channel beams ' “‘; 8% ft} 4 5{11.5
Top N1de F]ange beam | aft 1 2 8WF20
".Channel braces bp[. | t;% ft 4 3-[5'.0;”~
;;Bolts A325- -~»]11 o Dias 3 e B
‘;Cross beam supports (equal leg angles), Lp 4 L4 x 8 «x

Strain Gauges B S o

EQUIPMENT SPECIFICATIONS.

68

Type EA-06-250 BG 120
120.0 + 0.15% ohms o
Gauge Factor 2. 095_j 0.5% at 757F

Accudata .104 DC anp]1f1er (Honeywe]]) I

gain: 0-250 continuously 'variable-
DC gain qccuracy better than + 0.5% o
]1near1ty better than + 0. 1% of full sca]e output

P

Accudata 105 Gage Control Un1t (Honeywell)

exc1tat1on 3.5 - 11.5 V for 350.¢a
1.5 - 5 V.for 120 @ K

: compeasates ‘for + 5%.unbalance. NS g

Uitra vialet recorder type SE 2005 (SE Laborator1es, England)

direct writing oscillograph

. ga]vanometers cover, frequency ranges 0-30 c¢/s

A i “to 0+8000 c/s
]1near1t1es of + 1% over 6 cm deflectian can ‘be ach1eved
Paper speeds 1. ?5 2000 mm/sec T

f Lower cross beam supports welded to channels
,”f.LUpper Cross- beam supports bo]ted to. channels

o 3;pChanne1 braces weﬁded on “top and bottom

4,('3 "
T T 6w

—_—



APPENDiXi#:ﬂ&SURFACE LOADS VS DEFLECTION CURVES. _(Each -curve

SURFACE, LOAD - LBS X 10°

10

krepresents average of two replicates).

v

L/ 1. Mole
) ' : 2. Trench

) : e Y 1 A 2 5 Ll
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0 .10 20 30 40 50 60 70
- DEFLECTION - PERCENT OF ORIGINAL DIAMETER.

Sandy loam - Daymond - 95 cm Depth of Insta]]at1on
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5 X100
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SURFACE LOAD - LB
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SURFACE -LOAD - LBS X 10°

1 i
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DEFLECTION - PERCENT OF ORIGINAL INSIDE DIAMFTER
S11t loam - ADS - 125 cm Depth of Insta]]ation

)

, /
10} |
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SURFACE LOAD - LBS X 10°

&// ’ 1. Mole, ADS

2. Trench, Daymond
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APPENDIX 6: ANALYSIS OF VARIANCE SHOWING VARIATION OVER MEANS OF -
 PERCENT DEFLECTIONS (OBSERVATIONS). +
Source,of" | .Degrees\df Mean :
Veriation - Freedom K Square F-value -
R 0.17964E0B 276.9626%%%
o1 1 0.78383E06  12.0847***
1 R [ e 0. 443&%06-  6.8300%
o BT’ \ - 0.36072E06 5561 3%+
osT 6 " o.19756E07 30.4585++
o1s " S T 0.26670E06 4 na***
oos- o~ 6 0.18978E06 - 2.9258%%
o . 16 0.25069E06 - 3.92266%**
;“ng,-;:;jERRO.R. C o Fse .;64862", | |
| wo S1gn1f1cant at .001 probability level

Thlrd and hl?héF“Qrder 1nteract10ns are ‘not 1nc1uded





