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Loaded wagons and trucks were driven over a set of 

plastie draintubes and clay tiles installed in a sandy clay 

loam soil at 2 and 3 ft. depths. Deformations up to 20 and 
.-. 

30 percent of tube diameters were checked with plug gauges. 

No damage occurred with 40 passes of a 6.23 ton tractor 

pulling a 7.60 ton forage wagon. Some plastic draintubes at 

2 foot depth were collapsed due to repeated passes of a 26.3 

ton truck after considerable displacement of soil. 

A series of physical tests were carried out in the 

laboratory on short sample lengths from each line installed 

in the field. In accordance with available specifications the 

plastic draintubes were acceptable by crushing strength, 
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This Thesis shows that there should be no difficulty with 

plastie draintubes installed in crop fields at depths of 

2.5 feet or more with normal backfilling. 



EVALUATION OF PLASTIC DRAIN TUBES 

(Suggested short tltle) 



AN INVESTIGATION OF LOAD-BEARING STRENGTH AND RELATED 

PHYSICAL PROPERTIES OF PLASTIC DRAIN TUBES 

by 

SATISH CHANDRA NEGI 

A Thesis submitted to the Faculty of Graduate Studies 

and Research in partial fulfilment of the requirements 

for the degree of Master of Science 

Department of Agricultural Engineering 

McGill University 

Montreal August, 1970 

® Satish Chandra Negi 1971 



TABLE OF CONTENTS 

Page 

ABSTBACT 

ACKNOWLEDGBMENTS 

LIST OF FIGURES 

LIST OF TABLES 

1. INTBODUCTlOO" 1 

II. REVIEW OF LrTEBATURE ------------------------- 4 

A. THEORIES OF LOADS ON SUBDBAINS ----------- 4 

1. Classification of subdrains ---------- 4 

2. Loads due to fill materials ---------- 5 

J. Surface loads ------------------------ 10 

4. SUpporting strength of subdrains ----- 14 

B. INVESTIGATION OF PLASTIC TUBING FOR 
SUBSUBPACE DRAINAGE ---------------------- 16 

1. strength and deflection -------------- 16 

2. Measuring techniques ----------------- 19 

J. Wall thickness ----------------------- 20 

4. Perforations ------------------------- 20 

5. Corrugation pattern ------------------ 22 

6. Plastic drain installation ----------- 22 

C. SPECIFICATIONS AND STANDARDS FOR PLASTIC 
DRAINAGE TUBING -------------------------- 24 

III. MATEBIAIS AND METHODS ------------------------ 27 

A. MATEBIAIS TESTED ------------------------- 27 

B. THE FIELD EXPERIMENT --------------------- 27 

1. The experimental field layout -------- 27 

2. Drain tube field loading tests ------- Jl 



Table of Contents (Cont'd) Page 

3. Phys1ca1 Characterlst1cs of S011 ------- 35 

C. LABOBATORY TESTS -------------------------- 39 

1. Crush1ng strength by sand box method -- 39 

2. Crush1ng strength by 3-edge bear1ng 
method -------------------------------- 40 

3. Para11e1-p1ate 10ad1ng test on plastic 
drain tubes --------------------------- 42 

4. Creep resistance test ----------------- 44 

5. Impact durab1lity (drop we1ght test) 44 

6. Longitudinal f1exibl11ty (bending test)- 45 

7. Dent reslstance test ------------------ 47 

8. Absorption test on clay drain tl1e 47 

9. Freezlng and thawlng test ------------- 47 

IV. RESULTS AJTD DISCUSSIONS ----------------------- 49 

A. FIELD LOADING TESTS ----------------------- 49 

B. LABOBATORY TESTS -------------------------- 55 

C. ESTIMATION OF FIELD PERFORMANCE FROM THE 
LABOBATORY TEST --------------------------- 72 

V. SUMMARY AND CONCLUSIONS ----------------------- 78 

VI. RECOMMENDATIONS FOR FURTHER RESEARCH ---------- 82 

VII. REFERENCES ------------------------------------ 83 



ACKNOWLEDGEMENTS 

The author .ishes to express his sincere thanks to 

Professor R.S. Broughton, ChaIr.man of Agricultural Engineer­

ing Department and director of this project for his 

invaluable guidance and constant encouragement throughout 

the course of this investigatIon. 

ApprecIation is also extended to the following. 

To Professor P.J. Jutras for his help in the field work 

and time generously given in consultation. 

To Professor R.M. Halyk for his helpful advice and 

assistance in the Laboratory tests. 

To Messrs. G. Webb, R. Qassidy, A. Robinson, and 

J. Beazley for their valuable technical assistance. 

To Mrs. G. Linkletter for typing the Thesis manuscript. 

To the Agricultural Hydraulics Division of the Quebec 

Ministry of Agriculture and Colonization for assistance in 

the field installation of the drain tubes, and the Quebec 

Agricultural Research Council for financial support of 

some of the operating work involved in testing of the drain 

tubes. 



LIST OF FIGURES 

Figure 

1. 

2. 

4. 

5 

6. 

8. 

10. 

11. 

Plan of dralns for loading tests -------------­

Checklng deformatlon wlth plug gauge ---------­

Farm vehlcle loads passed over drain tubes 

Truok loads passed over drain tubes -----------

Crushlng strength - sand box method ----------­

crushlng strength - 3-edge bearlng method ----­

Farallel-plate loadlng in Instron testlng 
machine ---------------------------------------

Impact durablllty test device ----------------­

Load-deflectlon characteristlcs of plastlc drain 
tubes by 3-edge bearlng method ----------------

Load-deflectlon characteristics of plastic drain 
tubes under parallel-plate loading ------------

Creep tests on plastic drain tubes ------------

Fage 

30 

33 

33 

36 

41 

43 

46 

46 

56 

59 

61 

12(a). Oalculated pressure dlstrlbution ln soll under 
3 ton truck wheel ----------------------------- 76 

12(b). Pressure dlstrlbution ln soil under dual truck 
wheels ---------------------------------------- 77 



LIST OF TABLES 

Table 

1. 

A. 

B. 

2. 

3. 

4. 

5. 

6. 

.. 
Physical dimensions of plastic drain tubes 
tested ------------------------------------------

Field loads and number of passes over subdrains 

Particle size analysis -------------------------­

Drain tubes crushed during field loading tests 

Crushing strength by sand box method -----------­

Crushing strength by )-edge bearing method -----­

Load-deflection measurements & stiffness factor 
of plastic drain tubes under parallel-plate 
load1ng -----------------------------------------

Creep tests on plastic drain tubes -------------­

Absorption test on clay drain tile --------------

Bage 

28 

34 

)8 

51 

67 

68 

69 

70 

71 



I. INTRODUCTION 

While smooth-wall plastic water pipes have been manufactured 

for many years, the thinner wall corrugated plastic drain tube 

began to appear in Europe only about 1965 and was first manu-

factured in Canada in 1968. The drain tubes for the field load-

ing tests described in this thesis were installed in November, 

1968 only about 3 months after corrugated plastic drain tube was 

first manufactured in Canada. 

This recent development of corrugated plastic tube for 

subsurface drainage holds prospects of reducing the cost and 

labour involved in subdrain installations and increasing the acre-

age which can be drained each year. Plastic drain tube is very 

light and can be loaded and transported with much less labour 

and trucking costs per 1,000 feet than conventional clay tile. 

It is flexible enough that it can be readily handled in coils of 

long length by a single person. Due to roll lengths of 200 to 

900 feet, the number of joints required are minimized and more 

uniformity in installation can be achieved than with one foot 

lon~ clay tiles. There have been sorne new developments in lay-

ing techniques for plastic drain tubes in recent years which 

hold real promise for improved efficiency of installation. 

The resins which have been most widely used in the pro-

duction of plastic drainage tubing include polyethylene (PE), 

~ polyvinylchloride (PVC), poly-styrene rubber, and acryloni­

trile-butadiene-styrene (ABS). Polyethylene appears 
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to be the most promls1ng and eoonomloal material for use in 

agrloultural drainage tub1ng. Polyethylene ls a plastlc 

.hloh ls produoed ln enoraous quant 1 tles, and bas beoome 

lnexpenslve. It ls prepared from ethylene gas through.a 

hlgh-temperature, hlgh-pressure polymerlzatlon prooess. It 

has excellent dleleotr1c cbaracterlstlcs and ls reslstant to 

most ohemloals. Meohanloal propertles of polyethylene vary 

.1th denslty and melt index. The plastlc plpe extruslon ls 

done by conventlonal equipaent and most p1pe ls oolled for 

ease of handling. BEtruded tub1ng for dralnage ls slotted 

meohanlcally after extruslon to provlde .ater-entry opentngs. 

The sultablllty of plastlc tubes for subsurface dratnage 

of agrlcultural lands depends upon many factors. One very 

lmportant faotor ls the load-bearlng strength of the tube. 

Draln tubes tnstalled in fleld locatlons are often subj~cted 

to loads other than the .elght of the backflll materlal. 

SUch loads may conslst of machinery and equlpment moving or 

parked on the surface. Doubts have been expressed about the 

probabll1ty of the llght plastlc tubes collapsing under fleld 

loada. The 10ad-carry1ns capaclty, durabll1ty, ablllty to 

remaln phys1cally satlsfactor,. under cold condltlons and other 

aspects need to be checked out before plastlc draln tubes wlll 

become an accepted product. It ls the alm of thls Thesls to 

help provlde ans.ers to some of these questlons about plast1c 

drainage tublng. Eq)er1ments .ere conducted to oompare the 

strength performance of avallable plast1c drain tubes v1th 

conventlonal clay tl1es, both in the laboratory and the fleld. 
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The major objectlve of the fle1d tests .. s to determtne 

the surtace loada that the plastlc tubes oan wlthstand wlthout 

serlous dlstortlon and e~luate the related requlrements for 

proper bedd1ng and insta1latlon. The results presented wl11 

show that thls objectlve has been met. 

The laboratory tests vere conducted to determlne the 10ad­

bearlng strength and investlgate the related physlca1 prop­

ertles of plastlc drain tubes and clay tl1es. Whl1e the 

establlshment of preclse relatlonshlps between the laboratory 

and fleld loadlng o ondit 1 ons ls beyond the scope of thls 

Thesls, some lnterences about probable fleld performance have 

been drawn trom the laboratory tests. 

- ) -



n. BmBW OP LITBBATUBE 

&. THEORIES OP LOADS œ SUBDBAINS 

Extensl ve 1oad~ll6 reaearch has been oa:r:rled on by engineer­

ing organlzatlcms and lnd1'Y1dua1s du:rlng the past ha1f centul"J'. 

Serlous effo:rts have been made to_rd analyzing the 10ads to 

wblch underground condults ar~ subjeoted in servlce due to the 

ea:rth overburdan and other 10&4 sources. 

1. Clas8lflcatlon of Subdratns 

The 8upportlng strangtb o~ a draln tube ls in~luenced by 

lts degree of rlg1dlty. oansequently oondults ~or use ln 

ag:rlcu1tura1 dralnas. are dl 'Y1ded into two main olasses 1 

(1) Bigld oondults, sucb as concrete or olay tll.s, fall by 

rupture o~ the wa11s. The 1nherent strength of the tlle ls 

the maln souro. o~ load-bea:rlng 8trengtb. (11) F1exlble 

condults, suoh as corrugated aeta1 plpes or plastlc plpes, 

tall by excessive 4e~lectlan. Thelr abllity to support 

1oa4s 11es part1y in tbe 1nherent strength and partly on the 

slde suppo:rt deve10ped in tbe earth a8 passlve pressure due 

to out_rd movement ot the s1des o~ the p1pe. 

For purposes o~ analyzing loads, the subdra1ns have been 

olass1fied on the basls o~ constructlon condltlons under wh1ch 

they are lnstalled 1n the fle1d. Tbe two types of underground 

condults are dltch conduits and projectlng oondults. Dltch 

condult condltlons apply to drains 1n8talled ln na:r:row trenches 

ln relatlve1y undlsturbed so11. Projectlng condu1t oondltlons 

ooour in trenches wlder tban about 2 or 3 t1mes the outslde 

- 4 -



dlaaeter of the drain tube. Projeottng oondltlons a180 apply 

to condults placed under an embankaent in shallow beddtng wlth 

the top of the condult projeot1ns above the surtace of the Da­

tural sround. 

&.. lAad.s due to flll materlals 

Prlor to 1910, lt na belleved tbat the load on a drain 

.. a equal to the velsht of the earth dlreotly over lt and lt 

varled only wlth the helsht. Some belleved that the load was 

dl.trl buted in the shape of a vedae and vas more tban the velsht 

of earth over the drain, whlle others thousht 1 t to be less 

due to soll aroblng actlon. Atter auooesatul appllcatlon ot 

prlnolples of mechanlcs lt .as dlscovered that the load on a 

drain ls lntluenced by varlous other tactora suoh aa settle­

ment of soll over the draln ln relatlon to lts settlement at 

the sldes of the drain, the wldth ot trench, the type of 

bedding, compactlon of the flll, etc. 

In 19l3j Marston and Anderson (29) were the flrst to 

develop a ratlonal method tor determlnlng the cbaraoter, 

dlrectlon, and magnltude of the loads on plpes ln trenches due 

to f1ll mater1als. In 1930, Marston (28) publlshed a complete 

math_tloal the ory of ertemal loads on oloaed oondults and· 

ot the supportlng strengths of p1pe condulta. 

For the case of r1g1d dltoh condults lt la assumed that 

the denalty ot the tlll materlal ls leas than tbat ot the 

original soll. As the flll materlal settlea into the dltch 

there ls frlction bet_een lt and the sldes ot the dltch. 

Tbese trlctlonal foroes act upward on the prlsm ot soll wlth-
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in the ditch and help to support the backtill mate~ial. 

Consequently the load on the pipe i8 le8s than the weight of 

the soil di~ectly above it. The Marston Tbeory (28, 29) 

provides a formula for the loada on pipes in narrow tranches. 

In its s1mplest form the ditch conduit load formula is 

2 
Wc = Cd • Bd --~------------- 1. 

where Wc = total load on pipe in lbs. per lin. ft., 

Cd - load coefficient for ditch conduits, 

w c unit weight ot fill material in lbs. per cu. ft., 

and ~ = width of ditch at top of pipe in ft. 

Fo~ the case of flexible pipes in narro. trenches having 

thoroughly compaoted side tills with same deg~ee of stittness 

aG the pipes, the load formula is 

Wo = Cd • Be Bd -------------- 2. 

where Be = outside diameter of the pipe in ft. 

ln the oase of rigid conduits installed in .ide ditches, 

the baoktill directly over the conduit settles less than the 

so11 to the sides ot it. The resulting frictional torces act 

dow.nward on the prism ot soil above the conduit and increase 

the effeotive load on the conduit. The tormula tor loada on 

pipe in w14e trenches due to flll materials has been given 

by Marston (28) as 

2 
W = C • B ----------------~. o c C J 

where Cc = load coetficient tor projecting conduits. 

Tbe load coetficient Cd and Cc are tunctions ot the 
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helght of flll above top of the plpe, the trlctlanal coefflclent 

of the flll materlal, and, reapectlve17, the trenoh .1dth or 

the outer dlameter of the plpe. Computatlon diagraaa .ere 

prepared b7 Marston (28) and Schllck (40) to :tacll1tate the 

caloulatlon of the load coefflclents. 

Spengler (49, SO) oonduoted a number of laboratoQ' and 

field loadtng expertments on flexlble plpes suoh as corrugated 

metal oulverts, and reported that the plpe continues to detorm 

tor soae perlod of ttme after the maxlaua flll load has de­

veloped. He pOlnted out tbat the vertlcal 10&4 and lts 

aoooaP&Dylng reactlon ls dlstrlbuted unlfor.ml7 over the 

breadth of the plpe and beddlng respectlvel7, wbereas the 

horlzontal pressure on each slde of the plpe ls distrlbuted 

parabo11ca1ly. Spang1er presented the follo.tng equatlon for 

computtng the horlzonta1 deflectlon of a flexlble plpel 

Ax == Dl K Wc r) 
El + 0.061 e r 4 -~----------- 4. 

in whlch âx ls the horlzontal deflectlon of the plpe after 

the load bas been applled for a conslderable tae, K ls a 

constant dependlng upon the wldth of bedaing of the plpe, 

Wc ls the 10ad on the plpe per unlt of 1ength, r ls the mean 

radlus of the plpe, El ls the effective product of the 

moment of lnertla of the plpe wall and the modulus of elastlcl ty 

of the plpe materlal, e ls the modu1us of passlve pressure of 

the sldefll1 materlal, and Dl ls the deflectlon lag factor. 

Tbe expresslon is applicable for lnvestlgatlon of plastic 
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dl'&in tube defleotlone under earth loads. The apparent weak­

ness of predlotlons based on thle equatlon 11es in the seleotlon 

of proper values for the modulue of passlve reslstanoe of the 

enveloplng so11. 

Spangler (49) establlshed the valldlty of the thin-ring 

elastlc anal7s1e as developed by Fllkins and Fort (14) tor use 

ln determ1nlng the defleotlons ot flexible plpes under fleld 

or laboratory load systems. Â close oorrelatlon was tound 

bet.een measured deflectlons and thoee caloulated by the thin­

rlng elast1c the ory .1thin the elastlc lim1t of the mater1al. 

A modlf1cation of Spangler's equatla.n .as used by K11mko 

and KOstlkov (23) tor calculat1ng the deformatlon of plastlc 

drainage plpe under baokflll loads. Thls formula reads 

Â - 3 
~o = ll.. g • r ------------ s. 

E l 

whereÂo = pipe deformation in the plane of the vertlcal 

diameter, 

g = equlvalent of the vertioal load, 

r = average plpe radius, and 

~= a coeff1clent, equal to 0.016 at zero slope 

E and l are the same as in the Spangler's equatlon. 

Shafer (43, 44) stated that the flexlble plpes under ex­

ternal loads oontinue to functlon struoturally untll the 

deflectlon results ln a conoave curvature of the top or 

bottom of the plpe. He recommended the safe maximum deflectlon 

~ as 20 per oent of the vertlcal dlameter and uslng a oonservative 
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tactor ot satety ot 4, estab11shed the des1gn detlect10n at 

5 per cent. Accord1ng to Shater a tlex1ble p1pe 1s 1n 

equ1l1br1um when the 1nherent strength ot the p1pe, BI' plus 

the lateral pressure ot the s01l at the s1des ot the p1pe, 

Wh' 1s equal to the vert1cal load on the p1pe, Wc, and 1ts 

react10n. The vert1cal detlect10n ot the p1pe, Yc , depends on 

all three factors and Day be expressed 1n the form 

----------- 6. 

The Spangler equat10n 1ncludes all three tactors in the 

above express10n. 

It has been recogn1zed that the detlect10n of flex1ble 

p1pes var1es directly as some power of the he1ght of t1ll, 

H, and the d1ameter, D, and inversely as the wall th1ckness, 

t. Thus, 

-------------- 7. 

The values of K, m, n, and s .ere determ1ned 1n an 1n­

vest1gat10n by the A.B.E.A.(2), wherein the detlectlons were 

measured for varlous condu1ts under dltterent t111 helghts. 

Undoubtedly the atore ment10ned theorles have thelr 

ut11lty tor predlctlng the structural pertormance ot tlex1ble 

and r1gld plpes 'under earth loads. The theor1es are supported 

by several actual measurements of loada on condu1ts determ1ned 

in experlmental researohes, as well as by t1eld data obta1ned 

~ by a good many invest1gatlons ot actual condu1ts 1n use. How-
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ever, they have thelr 11mltatlons because the coefflclents 

lnvolved are functlons of varlous factors lncludlng the prop­

ertles of the soll whlch may vary conslderably in dlfferent 

localltles and can be determlned only wlth the use of spec1al­

lzed equlpment. 

As far as known, the flrst attempt to develop a nomograph 

that would facllltate the calculatlon of the loads by Marston 

formulas was by Mlller and Wlse (32). The change ln lnstalla­

tlon practlces affected the loading condltlons and necessltated 

modlflcatlon of Mlller's nomograph. Van Schllfgaarde et al. 

(55) presented three nomographs, each one for a dlfferent soll. 

Each nomograph enables the user to determlne the loads on 

plpes lnstalled ln both narrow and wlde dltches ln accordance 

with the dit ch and projecting conduit formulas. The lower 

value obtained is used for the design load. 

1. Surface Loads 

The extraneous super-loads applied at the surface are 

transmitted through the filling materials to the underground 

conduits. Super-Ioads may be concentrated as ln the case of 

truck wheel loads, or they may be distributed as in the case 

of piles of construction materials at the fill surface. Most 

farm flelds are often subjected to concentrated surface loads 

due to tractor or truck wheels. 

The greatest effect of surface loads on subdrains ls 

measured under relatively shallow coverlng of earth. The 

effect of live loads is dissipated or spread rapidly as the 
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depth of cover 1ncreases to 4 feet or more and ls praotloally 

negllglble belo. 6 feet (3). 

Aooordtng to Taylor (52), Bousslnesq ln 1885 obtalned a 

general solutlon of the elastlc equatlons under a point load 

that was applled to a seml-lnf1nlte mass. In 1934, Froehllch 

(17) lnserted 1nto the dlstrlbutlons a concentratlon factor 

that alters the dlstrlbutlon acoording to the magnltude of 

the factor. Tbe conoentratlon factor &lso introduoed varying 

soll strength lnto the equatlons. Based on saml-empirlcal 

formulas derlved by Froehllch,. Griffith (18) reported a 

generallzed expression for the lntenslty of vertlcal pressure 

ln soll due to a concentrated surtace load in the torm. 

V+2 
Pz = JL Po ~co_s~_~e ------------ 8. 

2fT z 2 

ln whlch Pz ls the 1ntenslty of pressure at a point in the 

Boil mass, Po is the concentrated load applled at a point on 

the surfaoe, ~ls the angle tormed wlth the vertical by the 

radlus vector trom the pOlnt of appllcatlon of the surface load 

to the polnt cons1dered, Z ls the vertlcal distance trom the 

surface to the point, and J)ls the dlsperslon or conoentratlon 

factor. 

Holl (20) applled equatlon 8 to a number of problems re­

lated to the transmlssion ot super-loads through dltterent 

solls. 

Marston and Spangler (30) conducted e%tensl ve experlments 

~ on both dltch and projecting condults and reported that the 
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10ad on an underground conduit due to a concentrated surfaoe 

load may be expressed as 

------------------- 9 

where Wp = average load on an underground conduit due to a 

ooncentrated surface 10ad in lbs. per lin. ft. , 

Po = Concentrated surface load in lbs., 

Fi = impact factor, 

L= length of the conduit in ft., and 

Ct = a coefficient for concentrated surface 10ad. 

• 

The coefficient, Ct' may be ca1culated by dividing the 

area of the horizontal projection of the conduit into a number 

of sma1l areas and summing up the pressure according to the 

formulai 

ct = a EL ~ ------------------- 10. 
217' i5 

s 

where a = area of an e1ement in sq. ft., 

Hc = vertical height from the top of the conduit to the 

surface in ft., and 

Hs = slant helght from the center of each element to 

the point of application of the load in ft. 

Holl as reported by Spangler (50) integrated thls 

expression for Ct and obtainedl 
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(
IJ. 1 a2 

+ c 
4 

+~ ----+l--H-~) jr ---------
Based on stud1es by Marston and Spangler t30), the load 

on pipes installed in narrow trenohes due to un1formly d1s­

tr1buted surface load may be expressed as 

11. 

------------------ 12 • 

• here Wus = average load on an underground oondu1 t due to a 

un1formly d1str1buted surface load in lbs. per 

lin. ft., 

Us = a un1formly d1str1buted surfaoe load in lbs. per 

sq. ft., 

Bd = w1dth of d1toh at top of conduit in ft., and 

Cas = a coefficient for un1formly d1str1buted surface 

load. 

The load on a project1ng conduit due to a un1formly d1s­

tri butecl surface load will be the same as that due to an 

add1t1onal layer of f1ll mater1als we1gh1ng Us per square 

foot. 

The values of the calculat10n coefficients ct and Ous can 
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be readily obtained from a computation diagram for ct and a 

computation table for Cus published by Marston (28). 

Equation 11 oan be evaluated by a table pUblished by Spangler 

and Hennessy (51) on the basis of studies made by Newmark (35). 

!. Supporting Strength of SUbdrains 

The supporting strengths of subdrains can be determined 

by testing a representative group of specimens in the laboratory. 

The three-edge bearing (6) and the sand box (48) tests are 

recommended respectively for rigid and flexible drain pipes. 

The orushing strength of the pipe as deter.mined by the 

laboratory test is multiplied by a load factor to predict its 

load-bearing strength in an actual field installation under 

the particular bedding condition. For pipes used in agricul­

tural subdrainage construction, the following bedding classif­

ications have been adopted by the A.S.A.E. Standards (3). 

Bedding Load factor 

Tamped ------------------ 1.9 

Ordinary ---------------- 1.5 

Impermissible ----------- 1.1 

Ord1nary bedd1ng is the one most commonly encountered in 

farm drainage installations. The load factors, defined as 

the field supporting strength of a rigid conduit divided by 

its three-edge bearing laboratory strength, have been de­

termined experimentally for each bedding clacsification. 

Similar values of load factors for plastic drain pipes are 

not yet available. 
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The effect of bedding condltlons on the 8Upporttng strengtb 

of dralntl1e was tnvestlg.ated by Van Schl1tgaarde et al. (55) 

and a varlatlon ln 10ad tactors from 0.9 to 2.5 was obtained 

for beddlngs made by varlous types of dltchtng machtnes. 
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lh INVESTIGATIONS OF PLASTIC TUBING FOR SUBSUBFACE DRAINAGE 

A modest amount of researoh has been done to deter.mine 

loadlng oharacterlstlcs and related physloal propertles ot 

plastl0 plpes for use in agrlcultural dralnage. 

1. Strensth and Deflectlon 

Attempts to improve the stab1l1ty of mole ohannels by 

plaolng a plastlc liner vlth.in the drain date back to the 

early 1950's. Mole dralns by themselves vere not very 

satlsfactory due to poor outlets and collapses of the mole 

channels wlthin the. f1rst fe. seasons. fbus some durable 

11~er of adequate strength was needed. 

Soh.ab (41) lnvestlgated the feaslb111ty ot pertorated 

plastl0 tublng as a method of stab111z1ng mole dralns. On 

the basls of flve years of research study he found that most 

of the deformatlon of polyethylene tubing oocurred durlng the 

tlrst tvo years after lnstallatlon and tubes li or 2 inohes 

ln dlameter were the most praotloal slze consldering stablllty, 

capaclty, and cost. 

Busoh (8) used a plastlc arch to increase the rlgldlty 

of mole channel wa11s. The plastl0 materlal, a 0.015 - in. 

thlck by 6 - in. .1de rlgld vlnyl strlp, was formed into a 

tlght 'U' and fed down through a chute into the mole draln. 

The aroh was used to glve the etfect of a roof as the mole 

drains were found ta fall because of s61l talling from the 

top of the channel and plugglng the drain, 

Fouss and Donnan (16) exper1mented wlth varlous types of 

semlrlgld PVC plastlc l1ners to strengthen the mole channels. 
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~ey reported tbat under tleld oonditlons a oompletely olosed 

olrcular liner bad malntained lts oross-sectlonsl slze and 

shape better tban the arch or the overlap types. 

The etfects ot surface loads on dlfferent depths of plastlc­

lined mole drains ln a sandy loam soll .ere investlgated by 

Valgneur et al. (54). They tound that the 3-1n. diameter 

plastlc llners .ere collapsed .hen the surtace loads, applled 

through a 9-ln. dlameter plate, exceeded 44 psl, 34 psl, and 

24 psl, respectlvely tor dralns 30-1n., 24-in., and la-ln. 

deep. The plastlc materlal vas formed into a tubular shape 

and loaded by t.o separate devlces in the laboratory. A stress 

of 0.30 psl on the liner resu1ted in a vertlca1 det1eotlon ot 

33 per cent and rendered the mole drain unservloeable. 

Manley (25) conducted 10adlng tests on plastlc-lined mole 

dralns and found that the -brldglng- phenomenon of soll tends 

to oonvey internal soll pressure produoed by surface 10ada to 

the sldes of the mole draln. He observed that thls tendency 

ot a so11 to -brldge- increases .1th the bulk denslty of the 

soll. He obtained a hlghly slgnlflcant correlatlon coefflclent 

bet.een maximum load and bulk denslty of the soll. Slnce soll 

stabll1ty varles vlth bulk denslty, he reported that soll 

stabl1lty ls an important factor in deter.mlnlng the amount ot 

load that can be applled to the ground surface betore drain 

fallure. 

The use of plastlc plpe made speolally for drainage has 

lncreased rapldly slnce lts lntroductlon ln the early 1960's. 

Corrugated and smooth-walled plastlc tublng has been wlde1y 
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used in the European oountr1es slnoe 1963, and more reoently 

in the Un1ted states and canada. Several 1nvest1gators have 

conduoted prel1minary tests on ne. plast10 dratnage mater1als 

and 1ts installat10n. 

Rektor1k and Myers (39, 33) ustng smooth sem1r1g1d poly­

ethylene tubing 1n both laboratory (33) and f1eld (39) tests, 

came to the oonolus10n that the p1pe has suff101ent strength 

to w1thstand earth loads up to 8-ft. depth ln a trench only 

lO-in. w1de .hen lateral support for the p1pe 1s prov1ded. 

They recommend that a c1roular arc oradle olosely conformtng 

to the outs1de diameter of the tube should support at least 

a 160-deg. section of the tube. Under f1eld condit10ns 

polyethylene tube was found to decrease from 4-in. to 3 3/4 

-ln. 1n the in1tial s01l settling stage of about three months 

and thereafter no measurable deflect10n took place for 18 

months. The narrowness of the trench 1s emphas1zed and the y 

suggest a 10-1n. w1dth 1s desirable. Another conclusion reach­

ed by these invest1gators was that quicksand surrounding the 

p1pe gives support as good as where a cradle 1s provided. 

Kl1mko and Kost1kov (23) reported that the deformation of 

plast1c pipe oceurs only durtng the back-f111ing of trenches, 

when the s01l is loose. They turther stated that the effect 

of dynamic forces 1s small compared to the pressure of back­

fille Their conclus10ns were based on a series of loading tests 

conducted 1n Russia on polyethylene drainage pipes. The 

magn.1 tudes of surface loads and the depths of drains are not 

clearly spec1f.1ed. However, 1t 1s 10g1cal that the effect of 
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surface loads decreases as the depth of cover increases where­

as the fill load increases with depth. Therefore, surface 

loads are of the prime concern when a pipe is placed under 

shallow covers. 

In the United States, Fouss (15) described the results 

obtained from a 17-year old field experiment initiated by 

Schwab (41). Polyethylene smooth-wall plastic drains installed 

in an Iowa silty loam soil in 1949, continued to provide 

adequate drainage and were found to be almost perfectly 

circular at the end of the 17-year test periode 

g. Measuring Techniques 

Various instruments have been devised to determine the 

load-deflection characteristics of plastic drain tubes. Busch 

(9) designed a -measuring mouse", which is pulled through the 

drain on a small wire, and has strain gages mounted on a set 

of spring fingers which give a measure of the cross-sectionsl 

area. Shull (45) developed a self-propelled drain-line camera 

system to provide information on the condition of the drains. 

The major limitations of the camera are that it cannot be used 

1f the p1pe d1ameter 1s smaller than 4-1n., and 1f water 1n 

the drain 1s more than about i-in. deep. 

In plastic-lined mole drains ins1de diameter measurements 

have been made using var10us size eyebolts attached to i-in. 

steel tubing and inserted from the outlet end (41). Stra1n 

gages, secured to the exter10r of the pipe (33), or placed 

inside the pipe (23), have been employed to obtain data on 
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atraln versus plpe detor.matlon. A ·straln gage mouae-, s1ml1~r 

to the one deve10ped by Busch (9), bas been uaed to studT the 

changes ln shape ot plastlc-11ned mole dra1ns under external 

loads (16, 54, 25). 

1. Wall Thlclmess 

The successfu1 use of plastie drainage tubtng de~ends on 

the eboloe of optimum wall thlekness slnee the co st ls dlreetly 

proportlonal to the quantity of plastlc in the tub&. Sehwab 

(41) suggested that smooth-wall polyethylene tubes li, 2,3, and 

4-1n. ln dlameter sbould bave corresponding wall thlckness ot 

at least 0.04, 0.05, 0.08, and 0.12-in., ta prevent tube de­

flectlons ln exeess of 20 per cent of thelr original diameter. 

Kl1mko and Kostlkov (23) tend ta support Schwab ln the recom­

mendations for dlameter and wall thlckness combinatlons. 

Rektorlk and Myers (39, 33) found that 4-ln. smooth polyethylene 

tubes vlth a wall thickness of 0.10 -in. are satisfactory for 

automated handllng ln drainage installation as well as tram 

the structural stabl1lty standpolnt. Wall thlcknesses of 

corrugated plastlc draintubus can be reduced conslderably ln 

comparlson to smooth plpe of correspondtng dlameter in order 

ta have the same structural strength. 

!. Perforations 

Plastlc drainage tublng must be perforated to permlt entry 

of water lnto the tube. The number, arrangement, and slze of 

perforatlons do not only deter.mine the water intake capaclty 

~ but also lnf1uence the load-bearlng strength of the tubes. 
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Research bas been conducted on v,arlous types 01' pertoratlon 

pattems and thelr ettect on the amount 01' water and s11t 

deposltlon enterlng lnto the dratntubes. 

In Holland, C&velaars (11) demonstrated that tor slotted 

dra1ntubes, the rate 01' inf10w ls largely governed by the 

slot 1ength per un1t 1ength of tube. The spacing between the 

slots determines the concentratlon of the stream11nes. A h1gh 

concentrat10n of stream11nes increases the approach reslstance 

1n the s011 near the drain and adverse1y affects the pertormance 

of dra1nage system. These tind1ngs are supported by pre11m1n­

ary invest1gat10ns 1n Russ1a vith PVC and polyethylene pipes 

by K11mko and Kost1kov (23). They a1so reported that the most 

effect1ve perforation for p1ast1c drainage p1pes 1s in the 

form of 10ng1tud1nal slots since it lessens the danger of 

p1ugglng-up of the p1pe and 1ncreases the rate of 1nf10 •• 

They found that 1n f1ne-gra1ned sands, the arrangement of slots 

and to some extent, the area of pertorat10n d1d not apprec1ab1y 

affect the water 1ntake capac1ty. 

Myers et al. (33) us1ng smooth polyethylene tubing covered 

vith flberglass 1n contro1led laboratory tank tests, found 

more f10w from tube hav1ng slot d1mens10ns of 1/l6-1n. X 2-1n. 

long, than from another v1th slots l/B-1n. X 1i-1n. long. 

The1r explanation for th1s phenomenon vas that s011 and water 

pressure forced more s01l and f1berglass into the wider slot 

wh1ch caused a greater obstruct10n to f10w. However, as 

suggested by cavelaars, 1t 1s probable that the slot length 

may have a1so inf1uenced the flo •• 
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Fouss (15) proposed that total area of inlet openlngs could 

be used as a sultable crlterlon. He quotas a rule-of-thumb 

that -the cross-sectlonal area of the water-entry openlngs 

should represent approxtmately 1 percent of the plpe's outslde 

wall clrcumferential area." 

It has been suggested (15, 47) that in corrugated tUbing, 

the preferred locatlon for perforatlons ls in the valleys of 

the corrugatlons. Such an arrangement protects the water-entry 

openlngs from clogglng vlth so11 in case the tube ls subjected 

to longltudinal sllppage durlng lnstallatlon. Thls arrangement 

also has the least detrimental effect on tublng strength • 

.1. Corruptlon Pattem 

The strength and cost of the corrugated plastlc dralnage 

tublng ls lntluenced by the corrugatlon deslgn. Fouss (15) 

presented the results of a computer program developed for 

evaluatlng dlfferent patterns of corrugatlons. He reported 

that the square-wave corrugatlon ls preferred to sine-wave 

corrugatlon deslgn and that the tube strength 18 supplemented 

by an lncrease ln the depth and spaclng of corrugatlons. He 

concluded, "the most efficlent corrugation design resulted when 

the maximum practical corrugatlon depth was used, with a 

correspondingly large corrugatlon pltch, and the thinnest 

possible plastlc materlal in the corrugation rlbs (e.g., 15 to 

20 mlls).-

§.. Plastic Drain Installatlon 

There are baslcally two types of mach1nes presently used 
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tor 1nstallat10n ot plast1c dra1nage tub1ng. One of these 1s 

the convent10nal t1le dra1n trenchtng machine mod1t1ed to take 

advantage of the tUb1ng's flex1b1l1ty and l1ght we1ght. The 

other 1ncorporates refinements ot mole-plou~;ing techn1ques 

w1th 1mproved grade-oontrol systems. The trenchless dra1n 1ay­

tng equ1pment tunnels a passage through the ground by means 

ot a narro. blade ot spec1al des1gn and causes m1nimal s011 

d1sturbance. The mole'plough installat10n ot plast1c dr.a1n 

p1pes coupled w1th the laser-beam depth-control system (15) 

holds prom1se ot becom1ng a lower cost and more rap1d method 

ot subsurtace dra1nage. 

The search currently continues regardtng opt1mum des1gn 

for strength ot corrugated plast1c tUb1ng, plast1c mater1al 

propert1es, and improvements 1n the mechan1zat10n of drainage 

1nstallat1ons. 
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Q. SPECIFICA'l'IŒS AND S'l'ANDABDS FOR PLASTIC DRAINAGE TUBING 

The physica1 propertiea ot plastie drain tubes are governed 

by specitications ot national agenc1es or 1ndustrial organiza­

t10ns that set standards or product standards. The commercial 

production of plastic drainage tubing about a decade ago 

necessitated development ot some important guides and specifica­

tions. In 1965. the Min1stry of Agriculture in England pro­

posed tentative speoificat1ons for trench-1nsta11e4 plastie 

drain pipes up to 4-in. in d1ameter <:38). Ede (13) reported 

that these speclticat10ns .ere developed through a S-year field 

researeh program using smooth-walled plastie tubes of varions 

dlameter and wall thickness combinatlons. In 1968, F1nland's 

Building Englneers Assoclation publ1shed tentative standards 

(36) for the quality control and testing of PVC pipes used 

tor drainage ot agrlcultura! lands. In 1969, the German 

Industr1al Norms Ageney subm1tted a dratt ot plastie drain pipe 

standards (56) to the pub11c for comments and suggestions. 

Thls standard was the outcome of extenslve exper1mental research 

over a perlod of several years on rlg1d PVC drainage pipes ln 

Germany. The committee prepared one set of standards tor 

smooth-walled and corrugated plastie pipes, s1nee the quality 

requ1rements and test methods for both categories are esaen­

t1ally al1ke. 

Berndon (19) bas revie.ed the present SolI Conservation 

Service specifications in the United States (48) for physical 

requ1rements, testing and installation ot corrugated poly­

ethylene drainage tub1ng. Be reported that the So11 Conser-
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vation Service in collaboration with the National Bureau of 

Standards are developing (in late 1969) a product standard for 

corrugated plastic drainage tubing and fittings. Sorne stand-

ards on plastic tubing products, other drainage products, and 

methods of test have been developed by the American Society for 

Testing and Materials (4,5,6). Specifications for 4-in. I.D. 

corrugated polyethylene drainage tubing (1) were developed by 

the Advanced Drainage Systems, Inc. (ADS) and approved by U.S. 

Soil Conservation Service in 1967. 

In Canada the plastic drainage tubing manufacturers organ-

ized a committee in early 1969 and prepared specifications for 

corrugated plastic drainage tubing. Their proposaIs w~re accept-

ed by the Ontario Farm Drainage Association (OFDA) early in 1970 

and designated as a tentative product standard (37) for a per-

iod of one year, during which time, recommendations, comments 

and suggestions will be entertained. Bore and Sojak (22) dis-

cussed issues that should be considered when preparing instal-

lat ion specifications. A similar product standard for corru-

gated plastic drainage tubing is under preparation in 1970 in 

the Province of Quebec. 

The stated documents take into consideration the quality 

requirements for mechanized pipe laying. The drain tubes 

acceptable by these standards are expected to be installed 

by machine without impairment either in trenches or by the 

trenchless method of drain laying under rugged work con­
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ditions and in adTerae weather, including temperatures below 

00 C. These requirements are to be taken care of by the tests 

for impact durabi1ity, bending, and crush1ng strength, Methods 

of test for physical properties of plastic drainage tubing 

are described in Chapter III under section 'Laboratory Tests', 
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m. MATERIALS AND MB'l'HODS 

A. MATERIALS TBSTED 

The details relating to materials, dillensions, and 

structural teatures ot plastic drain tubes used ln thls 1n­

vestigation are given in Table 1. The inside diameter ot each 

apeoimen was measured wlth a tapered plug in aooordanoe with 

the ASTM specitications tor determining dimensions ot thermo­

plastie pipe (4). 

B. THE FIELD EXPEBIMBNT 

1. The Experimental Field Lalout 

Surtace load tests on drain tubes were made on a three 

acre plot ot the Macdonald COllege Farm, about two turlongs 

north of Trans canada Highoy. 

In October 1968, the area was surveyed and atter a care­

tul study of the topography a plan os prepared tor drain 

layout. Longi tudinal sections were drawn tor the laterals 

and collectors. The grid point elevations .ere recorded 

on the plan, the des1gn grade elevations were determined by 

inspect1on, and a land levelling plan vas prepared to obtain 

the deslred drain depths. 

On November 11 and 12, 1968 plast1c drain tubes and clay 

tiles were installed by a Buckeye Trencher and a Critchley 

Trenchless Drain Lay1ng Mole Plough operated by the D1vision 

ot Agricultural Hydraulics ot the Quebec Min1stry ot 

Agriculture and Colon1zat10n. 

at 2 toot and 3 toot depths. 

F1tteen l1nes .ere 1nstalled 

Bach set of laterals opened 
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TABLE 1 

PHYSICAL DIMENSIONS OF PLASTIC DRAIN TUBES TESTED ' 

Material and Outside Inside Wall Thickness (Inches) Depth of Corrugation 
Manufacturer of diameter diameter Corrugation pitch Corrugation pattern 
Tube Ridge valley Web H P and location of perforations 

(Inches) (Inches) To Ti Tw (Inches) (Inches) 

L !--p-.j 

corrugated P.E. j LTr llJJ L:Ir. tubing (black) 0 H 
The,Big, "0" 4.539 4.045 0.040 0.038 0.035 0.225 0.510 
Dra~n T~le Co., ______ Tw 
Canada Ti 

slots in 3 rows spaced equally 
1----------- --+------,I-----+-----t-----I----- 1-- --- - -----1- -- --- -_. - ---_.---- _at:Q..l.Uldld....l.t,1JhlJ;:e'--l,t.l.ubWJ:e=--_______ _ 

Corrugated PVC ,_, 

tubing (yellow) (l' '-'V' ':"V' ,:::'v;--:, Frae~kische- 3.898 3.622 0.027 0.023 0.021 0.160 0.240 \\ 
Isol~errohr - u. 
Germany 

Perforations in 3 rows spaced 
",nll",llu ",rnllnn t-h", t-Ilh", 

1 

Corrugated PVC ,-:._, " ,_.. _, ,,1 
tubing (yellow) rr "v·v' " '", "~ Frae~kische- 2.559 2.323 0.025 0.022 0.020 0.120 0.200 V V ! 

Isol~errohr - u. 
Germany 

Perforations in 3 rows spaced 
eauall v around t-h", t-\:;h", 

Corrugated PVC fl\ ~ ~~ 
t~i~g (grey) 1.971 1.785 0.026 0.024 0.024 0.100 0.180 tt ~ ~ 
Or~g~n not known 

Perforations in 8 rows 
arOlmd the tllb'" 

Smooth semi-rigid 
PVC tubing (white) 1.990 1.900 0.045 Smooth Wall Tube 
Holland 

slots in 4 rows spaced equally 
_____ _around the tube 



lnto an aooess trenoh having a 4-in. tl1e collector installed 

and covered wlth cru shed stone. The collectors led to an out­

let tor the de81gned dralnage system. The access trenches 

were used for checking the deformat10n ot the drain tubes 

durtng the fleld loadlng tests. Each line had a d1tferent 

dra1n tube materlal, installatlon method or bedd1ng cond1t10n. 

The plot layout ls g1ven 1n Flgure 1. 

It has been suggested (JJ) that plast1c dra1n tubes could 

support greater loads 1f placed tn a groove moulded to t1t 

the bottom 140 to 160 degrees ot the tube. Th1s would re­

qu1re spec1al attachments on a drainage mach1ne tor each s1ze 

ot tube. In order to get some evaluat10n ot the benet1ts ot 

such a bedd1ng groove, reterred to as 'spec1al shoe' 1n the 

plot layout, the 4-in. and J.7-in. plast1c tubes were !n­

stalled 1n trenches w1th a 2.25-in. radius groove tor the 

bottom 150 degrees. Plast1c tubes were also installed in 

trenches with a standard 90 degree 'V' groove. The J.7-1n. 

plast1c tube t1tted close17 the s1ze ot the mole whereas the 

2.5-1n. plast1c tube .. s loose in the hole prov1ded by the 

cr1tchley trenchless drain laying mole plough. Some tubes 

were 1nstalled by the cr1tchley mach1ne with a crushed stone 

int1ll, as 1t bas been suggested tbat a crushed stone or 

gravel 1nt1ll improves the load carrying capac1ty as well as 

ass1sting .. ter 1nflow. 

The backt1lled s01l 1n the trenches was allowed to settle 

1n the w1nter ot 1968-69. In the tollow1ng summer after 

plough1ng and d1scing the f1eld, some level11ng operations 
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DRAIN TUBE MATERIAL METHOD AND EQUIP MENT 

Main 4" Tile 
8" Clay tile Trencher 

3.7 u Corr. Yellow German Trenchless 12low 1 
Q) 1 

Plastic s:: 1 
0 • +l [ 

6" Cla~ tile 
[Il Trencher '1 
'tS 1 
Q) ,J 
.c 1 

2.5 11 Corr. Yellow German 1/) Trenchless plow 
, 

:l j 
Plastic ~ c 

..s:: 
,J 

4" Clay tile Trencher • +l ., 
• .-1 , 
) 

. 
'1 

'tS 2 11 Corr. Grey Plastic Trenchless plow 1 
Q) 1 
1-1 1 
Q) , , 
::- ( 

4 11 Corr. Black Canadian 8 Trencher c 

Plastic 1 
Q) .. 

,.....f ., 
3.7" Corr. Yellow German • .-1 

E-l Trenchless plow, with gravel E 

Plastic = 
'" qo 

3.7 11 Corr. Yellow German Trencher ~ 

Plastic lCl: 
1 s:: ·r 

2.5" Yellow German 
• .-1 

Trenchless plow, with gravel t Corr. i .. .. 
Plastic ,.l .g · 
2 5" Borr. Yellow German Trencher 

~ 
[Il 

plastic " I(S 

ti 
,J. 

2 11 Corr. Grev Plastic Trencher 1 c 
~ s:: ( 

Q) ~ 

tI E 

4" Corr. Black Canadian Trencher, special shoe t 

Plastic 
1/) t 
1/) ( 
Q) C 

2 11 Semi-rigid White Dutch 
u 

Trencher c 
u tC 

Plastic 
,cC 

3.7" Corr. Yellow German Trent""h~r sne cial shoe 
Plastic 

DEPTH OF DRAINS 2 FT. DEPTH OF DRAINS 3 FT. 

Scale 1" = 40 Ft. 

FIG. 1. PLAN OF DRAINS FOR LOADING TESTS. 
INSTALLED NOVEMBER 1968 - MACDONALD COLLE GE FARM. 
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.ere car.ried out in order to provide the requlred depth of 

80i1 oover over the draln tubes in aooordance .ith the afore­

aentianed plan for land leve11tng. The dealred deptha .ere 

aocoap1ished by using bulldozer, orawler loader, dump truck, 

and a land leveller. 

2. Dr.aln Tube Fleld Load1ng Tests 

A series of fleld loadtng tests were made on tbe plastic 

drain tubes and clay tiles in tbe fall of 1969. The sub­

drains were subjected to repeated live loads conalating of 

a heaV7 traotor hi tcbed to a loaded W88on, a 'dump' truck, 

and a conorete 'Ready-Mlx' truck, loaded .itb crushed stone. 

A FOrd 8000 Di3sel tractor WBS used for the field tests. 

The total weight of the tractor with calcium cbloride 

solution loaded rear tires, rear wheel and front end weights 

was 6.23 tons vith 4.20 tons on tbe rear axle, or 2.10 tons 

per rear wheel. The Ford 8000 tract or vas hitched to a 

forage wagon loaded wlth maize silage. The total welght of 

the loaded wagon vas 7.60 tons witb 4.55 tons on the rear 

axle, or 2.275 tons per rear wheel. 

The drain tubes vere subjected to beavler surface loads 

.itb 10aded trucks unt1l fa11ure of some drain tubes was 

reached. F1rstly a single rear axle 'dump' truck loaded w1th 

cruabed stone vas used. The loaded truck welghed 17 tons wlth 

a 12 tons rear axle load, or 3 tons on each rear tlre. Fleld 

loa~ tests were continued .1tb a tandem rear axle concrete 

'Ready-M1x' truck. Loaded, the truok ve1ghed 26.3 tons. The 

tandem rear axle load vas 20.3 tans, or 2.504 tons per rear 
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tire. 

Since the pressure distribut10n in soil under wheela is 

bulb-shaped (46), the dual rear wheels ot trucks would give 

a greater load intensity on the drain tubes than the single 

wheels ot the tractor or the wagon as a portion of the tube 

gets pressure overlap trom each of the dual wheels. The load 

lntensity on the drain tubes cauaed by concrete 'Ready-Mix' 

truck vas greater because ot the contr1bution from four 

wheels ot the tandem rear axle. 

The tractor hitohed to the loaded forage wagon and the 

trucks made trips back and torth over the subsurtace drains 

in accordance with a prepared loading program, and the 

deformations of plastic drain tubes or any damage to clay 

tiles vere subsequently checked with plug gauges as desoribed 

in the following pages. 

The decrease in the vertical diameter as a result ot 

deformation due to extraneous surtace loads and earth loads 

is allowed within a range of 20 to 30 per cent. Such a 

deformation does not substantially affect the flow capac1ty 

or the cross-sectional area of the subdrain. These allow­

ances are permitted in tentative specifications ot plast1c 

drain tubes in U. S.A., USSR, Germany, and Erlgland. Pa. 1 lure 

load vas detined as the maximum load reached to produce a 

vertical detlection of 30 per cent. 

In order to ascertatn the allowable deflection, bard 

.ooden Oblong 'GO-NO GO' plugs, attached to a 50 toot length 

of i-in. semi-rigid PVC plastie pipe were inserted in the 

drain tubes t~om the access trenches as shown in Figure 2. 
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Fig. 2. Checking deformation with 
plug gauge. 

Fig. 3. Farm vehicle loads passed over drain tubes. Ford 8000 
tractor (gross, 6.23 tons; rear axle 4.20 tons) hitched 
to a loaded forage wagon (gross, 7.60 tons; rear axle, 
4.55 tons). 
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For deflect1on° checks t.o sets of plUS gauges .ere used. The 

maximum cross-sect1onal d1mens1ons of the plug gauges were 

0.7 and 0.8 t1mes the d1ameter of the tubes, correspond1ng to 

the perml tted 30 and 20 per cent deflectlons.~ 

Live load tests .ere made on three tracks over each set 

of fifteen subdralns bur1ed at 2 foot and 3 foot depths. The 

outer wheel tracks .ere located at 15, 3S, and SO feet trom 

the observat10n trench. The etfect ot wheel loads on the dra1n 

tubes was lnvestlgated under slx loadtng points prov1ding slx 

replicates per tube tor each treatment ot depth or soll cover­

ing. 

The f1eld loada and the number ot passes along three 

veh1cle routes over each ot the t1tteen subdra1ns are indicated 

in Table A. 

Fleld 
Test 
No. 

1 

2 

4 

TABLE A 

Burtace Load No. ot passes tram 
start atter wb1ch the 
detormat10ns .ere 
checked 

Ford 8000 tractor. 10 

Ford 8000 tract or h1tched to a 10 and 20 
torage wagon loaded to one halt 
1ts capac1t7 w1th s11&ge. 

Ford 8000 tractor (gross, 6.23 
tons. rear a%le, 4.20 tons) 
h1tched to the tarage wagon wlth 
a tull load of s1lage (gross, 7.60 
tons. rear a%le, 4.55 tons). 

'Dump' truck, s1ngle rear aXle, 
loaded wlth 3/~crushed stone 
(gross, 17 tons. rear axle, 12 tons). 

S, 10, 20, 
and 40 

1, 5, 10, 
and 20 

5 Concrete 'Ready'-M1x' truck, tandem 1, 5, 10, 
rear axle, loaded w1th crushed stone and 20 
(grOSS, 26., tonal rear a%le. 20.' tons). 
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SUrface loads eneountered in far.m operatlons are represent­

ed by Fleld Test Nos. 1 to 3 (Flgure 3). Most fara flelds 

.hlch have subsurtace drains installed are occ&a10nally sub­

jeoted to heavy wagon loads and to fertll1zer or lime truck 

loada, whlch are represented by Fleld Test No. 4 and 5 (Flgure 

4). 

At the end of the loadlng tests the soll above the damaged 

points was removed by band shovelling to observe the degree 

ot dlstortlon, to replaoe the ol"Ushed port10ns, and to de­

teraine the number of pOlnts damaged. The cl"Ushed portlons 

ot the tubes obstruct1ns the movement ot pluggauges, were 

replaced by sleeves of ne. tubes. The plug gaugea _ere then 

lnaerted turther lnto the tubes to check the detormatlons of 

the rema1nlng polnts loaded by the truck wheels. 

The repeated pass1ns ot the trucks Along the tracks result­

ed in slgnlfloant dlsplacement of soll and formatlon ot ruts. 

The vehlcle slnkage over the draln tubes on all the tracks 

was measured by deter.minlng the elevatlons of the tracks and 

the adjacent normal ground surface. At the end of each set 

of loading tests, the tracks on the f1eld test area .ere 

levelled by ustng a cultlv.ator and a land leveller. The 

operat10n helped to malntaln a unlfor.m soll cover over the 

dra1n tubes. 

l. Phlslcal Characterlst1cs of Soll 

The effeot of surface loada on subdralns ls modifled by 

the klnd and oondltlon of soll surrounding the draln tube. 

To facll1tate a better understand1ng ot soll behavlor, 
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(a) Gross, 17 tons; rear ax1e, 12 tons. 

(b) Gross, 26.3 tons; rear axle, 20.3 tons. 

Fig. 4. Truck 10ads passed over drain tubes. 
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particle size distribUtion, bulk density, and moisture content 

ot the tield soil .ere obtained. Sampltng sites were located 

about lS teet trom the observation trench on the tield load­

tng test area, over the 11nes 2, 8, and 14. 

The results ln Table B were obtained trom the partlcle 

slze analysls made by the hydrometer method. 

Samples tor bulk denslty were taken 6, 12, and l8-ln. 

directly above the dratn tube and at the same relative 

positlon 2 tt. to the side ot the drain by using a core 

sampler. Samples tor soil moisture measurements .ere taken 

at approx1mately .eekly intervals durtng the period ot tleld 

loading tests. 
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TABLE B. PARTICLE SIZE ANALYSIS 

Depth 

(ln. ) 

ClaY' 

(%) 

S11t 

(%) 

Sand 

(%) 

(a) IDeat10n li 15 ft. :t'rom the observat1on trench, above 
Line No. 2. 

0-6 
9 - 15 

18 - 24 

25.0 
34.5 
37.0 

8.0 
12.5 
8.0 

67.0 
53.0 
55.0 

(b) IDeat10n 21 15 tt. trom the obserut1on trenoh, above 
Line No. 8. 

0-6 
9 - 15 

18 - 24 

(0) Looat1on 31 

0-6 
9 - 15 

18 - 24 

8.5 
10.0 
9.5 

15 rt. from the observat1on trenoh, above 
L1ne No. 14. 

6.5 
5.5 

12.0 
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C. LA.BOBATORY TESTS 

Â serles of physloal tests were oarrled out on short 

sample lengths from each 11ne ln the fle1d. In the laborator'7 

the crushlng strength 1f&S determlned by the sand boz: method, 

the three-edge bearlng method, and the e%terna1 loading 

propert1es of plastlc draln tube by the para11el-plate load-

1ng test. A creep reslstance test .as oarrled out by 

app11catlon of a constant load over a perlod of seven days. 

Tbe lmpact durablllty was checked by the drop welght test, 

longltudinal f1ez:lblllty by the bendlng test, and dent re­

slstance by applylng a concentrated 10ad for a speclfled 

perlod of tlme. Absorptlon tests, and freeze-thaw tests were 

conducted on plastlc draln tube and clay tl1e samp1es. Unless 

otherwlse speclfled, test speclmens vere made 1n one foot 

1engths. The ends of test speoimens were eut square and free 

of burrs and jagged edges. 

1. Crushlng Strength br Sand Boz: Method 

Flve samples from each 11ne ln the fle1d were tested for 

crushlng strength by sand boz: method 1n accordance wlth the 

USDA, So11 Conservatlon Servlce speclflcatlons (48). 

A boz: l)-1n. X 12-1n. by lnslde measurements and 20-1n. 

hlgh was fabrlcated~ Tbe ends were constructed of )/4-1n. 

thlck plez:lglass so the specimen cou1d be vlsually observed 

durlng the test, and the sldes vere constructed of i-in. steel 

plate. A provlng rlng (0 - 10,000 pounds capaclty) .as flz:ed 

on the top bearlng plate and then fastened ta the raJIl of the 
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testtng maoh1ne. The test spec1.en was plaoed on )-1n. deep 

layer ot 4ry sand 1n the box w1th 1ts open ends aga1nst the 

plex1glass ends ot the box. Dry sand vas then poured into 

the box and levelled to a depth ot 6-in. over the speclmen. 

Tbe test apparatus 1s shown 1n P1gure 5 (a ). 

The crushing strengtb was det1ned as the max1J1l1lJ1l 10ad1ng 

value reached betore a steady decline 1n loading occurred. 

Tbe load wa8 app11ed at a un1torm rate and the d1al gauge 

read1ng at ta1lure ot the test spec1Dlen was reoorded. The load 

at tallure vas obtained trom the ca11brat1on chart tor the 

prov1ne; ring, and the cruah1ng strength _lues tabulated as 

pounds torce per l1near toot ot tUbing. 

1. Crush1ng Strength br Tbree-Edge Bear1ng Method 

ln accordance with the ASTM standard speciticat10ns tor 

olay drain t1le (6), tive samples from each l1ne in the t1eld 

were tested for crushing atrength by the three-edge bearing 

method. 

A prov1ng r1ng (0 - 2000 pounds capao1ty) vas tlxed on to 

the upper beartng plate and tastened to the ram of the test-

1ng machine. The clay drain t1le speolmen ~d all the bearing 

plates .ere aoourately =en.tered to ensure a s)'DUlletr1oal dls­

trlbut10n ot loadtng. The test apparatus ls shown ln Flgure 

6(a). Lead .. s applled at a unlform rate ot 500 pounds per 

llneal toot per mlnute untll the specimen talled. Tbe dlal 

gauge readtng at tellure vas noted and the corresponding load 

DS obtalned trom a oallbratlon curve. The crushlng strength 

values .ere reoorded 1n pounda per llneal toot ot tlle. 
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(a) Test apparatus 

(b) Crushed sample of 4-in. 
plastic tube, Ave. ultimate 
load 7822 lbs. per linear 
foot. 

(c) Broken sample of 6-in. clay 
tile, Ave. ultimate load 3768 
lbs. per linear foot. 

Fig. 5. Crushing Strength - Sand Bax Method. 
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(a) Test apparatus 
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~ii,t:{~~;\~;,~h •. 

(b) Crushed sample of 4-in. 
plastic tube, Ave. ultimate 
load 7822 lbs. per linear 
foot. 

(c) Broken sample of 6-in. clay 
tile, Ave. ultimate load 3768 
lbs. per linear foot. 

Fig. 5. Crushing Strength - Sand Box Method. 



Load-defleotlon measurements for plastlc draln tube samples 

were oontlnuoual7 recorded on the cbart of the !nstron testlns 

machine wlth reterence to relatlve movement ot the upper and 

lower bear1ng plates. The testlng deTice ls shown ln Plgure 

6(b). 

1. Parallel-Plate Loa41ng Test on Plast1c Draln Tubes 

The enemal load1ng propert1es ot plastlc drain tubes 

were deter.ained b7 parallel-plate loadlng ln accordance wlth 

the ASTM test procedures tor plastlc plpe (5). 

A 6-1n. long sample was placed bet_een two rlgld parallel 

tlat steel plates. The !nstron (Flgure 7) was adjusted to 

glve a constant rate of loadlng. The specimen was compressed 

at a constant (vertlcal) detlectlon rate ot 0.5-1n. per 

mlnute. The load-detlectlon curve -.as cont1nuousl7 recorded 

on the lnstron Chart untl1 30 per cent detlectlon -.as reached. 

If no tal1ure occurred at 30 per cent deflectlon, the loadlng 

.. s atopped. Plve specimans trom each llne 1n the tleld were 

tested and eao~ specimen bet_een the parallel plates -.as 

orlent_d 35 deg. trom the posltlon of the preceeding specimen. 

Tbe stltfness factor (8P) at 5 and 10 per cent defleotlon, 

us1ng load, W, lnterpolated from the plotted data vas cal­

culated b7 means ot the tollowlng equatlon.(5}: 

8 P = 0.149 W r 3 
d 

wbere W = recorded load, Ib/llneal ln. of plpe, 

r = mean radius. in.(avg OD 2 avg va, and 

d = recorded deflectlon, ln. (correspondlng to load W). 
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(a) Test apparatus for Clay tiles. (b) Test apparatus for plastic tubes. 

Fig. 6. crushing Strength - Three-Edge Bearing Method. 
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(a) Test apparatus for Clay tiles. 
(b) Test apparatus for plastic tubes. 

Fig. 6. crushing Strength - Three-Edge Bearing Method . 
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~. Creep Reslstance 

The creep reslstance of one speclmen from each line ln 

the fleld .as measured ln accordance ..,lth the OFDA, tentatlve 

product standard (37). The sample _s placed between :parallel 

plates, under a constant load, and deflectlon of the tube WBS 

observed over a perlod of seven da7s. Themagnltude of the 

test load ln pounds per 11near foot was obtalned b7 multlplylng 

the lnslde dlameter of the tublng ln inches by the number, 6. 

The change ln tube dlameter parallel to the dlrectlon of load­

lng .as measured wlth a dlal gauge accurate to 0.001 1och. 

The deflectlon measurements ..,ere made at the end of 6, 24, and 

168 hours trom the t1me the test load WBS applled. and at the 

end of 6 and 24 hours upon removal of the test load. A plot 

on carteslen coordlnates WBS made of the deflectlon (per cent 

decrease ln dlameter) versus tlme ln hours. 

~. Impact Durabl11tl (Drop Welght Test) 

The lmpact reslstance ot plastlc dralnage tublng was tested 

ln accordance wlth U.K. Standards ()8). Flve samples from 

each 11ne ln the fleld were kept for 24 hours in a 11quld bath 

held at 00 C. The tests ..,ere started wlth10 15 seconds of re­

moval trom the bath. 

Samples were placed on a 'V' block of included angle 120 

deg., mounted horlzontal17 under a vertlcal gulde whlch enables 

a welght ot 0.55 pounds to fall freely onto the upper centre 

11ne of the tube rest10g on the 'V' block (Flgure 8). The 

drop welght was released startlng from a helght of 4-10. 

Atter one blow ot the drop welght, the specimen was rotated 
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80 that a ne .. area .. a preaented to the drop w.1ght edge, and 

the he1ght ot drop 1noreased by 4-1n. The test .aa tel'll1Dated. 

at tallure helght, or at 40 lnohea lt there .. a no tal1ure, 

_k1ng a maxlllum ot 10 blo.a per apeoimen. Pallure ns de­

tlned aa the oreatlon of perforatlons by shattering aotlon. 

Tbe greatest helght ot drop tor eaoh sample wa8 reoorded and 

ut1l1zed tor oaloulating 1mpact durablllty and percentage 

varlablllty. 

lmpact durablllty ls detined as inchea average he1gbt o~ 

drop ot the test welght as a peroentage ot 40 inohea, and the 

varlablllty per cent la defined by the formula. 

Mean helght - Minimum hel~t X 100 
Mean helght 

2. Longltudtnal Fle%lbllltl (Bendlng Teat) 

A tle%lblllty test .. a oonducted on 3 speoimens 3 teet in 

length trom eaoh llne ln the tleld ln accordance wlth the OPDA, 

tentatlve produot atandard (37). 

Samplea were stored at 00 C temperature tor 24 hours. 

Wlthln lS seoonds trom the time ot re.oval trom the treez1ng 

chamber, the tube wes bent over a cyllndrlcal template .1th a 

radlus 3 tlmes the inalde dlameter ot tubing and retalned ln 

place for one minute. Tbe specimen .. a exam1ned tor splits 

or craoks while held ln the bent posltion. The test specimen 

was then stralghtened and 24 hours later lt .as agaln ln­

speoted tor tailure due to spllttlng, cracklng, or dlstort1on 

ot the origlnal shape ot the tublng and water 1nlet openings. 
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Fig. 7. Parallel-plate loading in Instron testing 
machine. 

Fig. 8. Impact durability test device. 
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Fig. 7. Parallel-plate loading in Instron testing 
machine. 
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Fig. 8. Impact durability test device. 
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2. Dent Resistance 

The dent resistance of five specimens from each line in 

the field was measured in accordance with a procedure proposed 

in an early draft of a proposed OFDA tentative product standard. 

The impact durability test device was rnodified by replacement 

of the drop weight with a five pound dent test loading weight 

terminating in a 3/8-in. diameter rounded end rode The dent 

test load was applied to the top of the corrugation ridge for 

a period of one minute, and upon removal of the load and follow-

ing a three minutes waiting period, the depression caused by the 

loading rod was measured with a depth gauge device. The speci-

men, while supported by the 'v' block, was subjected to four 

applications of the dent test load. The loading points were 

randomly selected around the specimen, but at least two appli-

cations per specimen were positioned close to a water entry slot. 

8. Absorption Test on Clay Drain Tile 

The test specimens selected had approxirnately uniform width 

and consisted of one full-length quarter segment taken from each 

of the five tile broken in the crushing strength test by the 

three-edge bearing method. In accordance with the ASTM, stand-

ard specifications for clay drain tile (6), the specimens were 

dried for 16 hours in a ventilated oven, then saturated by boil-

ing for 5 hours in a liquid bath. The test specimens were 

weighed after drying and after saturation by boiling. Absorp-

tion was calculated as a percentage of initial dry weight. 

9. Freezing and Thawing Test 

Freezing and thawing tests were carried out as a separate 
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project (10) iD acoordance with ASTM Designation 1 C 4 - 62 

(6). One quarter sepent trOJD each ot the tive cla7 tile and 

plastio drain tube aamples 1I'&S ohosen. The speoimens .ere 

placed with their concave taoes upward in water-tight tra7s. 

Water was adjuated to ai-ln. level in eaoh tra7. Atter 

subjeotion to ) hours minimum treezing oondition., the t~7s 

.ere 1lImersed in rooa t_perature water until the io~ tormed 

durlng treezlng bad melted. The procedure ... then repeated 

and the speo1aans .ere sUbjeoted to )6 treezlng and tbawtng 

c701es. 
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11. RESULTS AND DISCUSSIONS 

A. PIELD LOADmG TESTS 

The fleld load1ng tests sho.ed tut the tractor and the 

loaded wagon d14 not produoe an7 slgnlflcant effect on the sub­

drains. No fal1ure of &n7 draln tube ns detected up ta 40 

passes of the Pord 8000 tractor (6.23 tons) hltched to the 

tul17 loaded forage wagon (7.60 tons). 

Tbe deflectlon checks made .1th the respectlve plug sauges 

subsequent to 5 passes of the 'dump' truck (17 tons) revealed 

no slgnltleant deformatlon ot the plastlc drain tubes nor aD7 

damage to the c1&7 tl1es. Atter 10 passes ot the truck It 

.. s observed that the plastlc tubes in Line 8 and Line 14 at 

the 2 foot depths were deformed beyond 30 per cent of thelr 

origlnal dl_eter. No turther tal1ure of any drain tube .. s 

detected follow1ng 20 passes of the truck. 

At the end of the test,excavations were made above the 

damaged points to replace the crushed portions of the drain 

tubes ao that loading tests could be continued. Tbe 2-in. 

seml-rigid whlte Dutch plastie tube ln Line 14 rebounded on 

removal of soil-fill pressure but the 3.7-in. corrugated 

7ellow German plastie tube in Line 8 WBa distorted beyand 

serviceabillt7. 

The draln tube detlectlons did not exceed 20 per cant of 

the orig1Dal diameter up to 5 passes of the concrete 'Rea~­

lUx' truck (26.3 tons). Three plastic tubes (Lines 7, 8, and 

13) buried at a depth of 2 feet were deflected beyond the 30 

per cent 11mlt after 10 passes of the truck. In addition two 
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pla_tl0 tubes (Lines 10 and. 14) at the 2 toot depth, and t.o 

tubes (Line. 8 and 14) at the 3 toot depth .ere detoraed be70nd 

the allowable l1ll1t atter 20 passe. ot the 'Beaq-Mlx' truok. 

Tbe exoa~tlons _ho.ed that tour pla.tl0 tubes (Ltnes 7, 

10, 13, and 14) at the 2 toot depth seotlon .ere orashed at 

one or more polnts. The re_t rebounded on r_o'Val ot tlll load 

and praotloall,. regained thelr orlginal shape. The detalls ot 

the drain tubes orushed dur1ng the tleld loacUng tests are 

reported 1n Table 2. 

1'),1e .ut_oe soll in the installatlon area .. s olassltled 

as sanq ola7 loam. The soll at the drain slte inoreased 1n 

01&7 oontent .1th depth and .. s olassltled a8 sanq ola7 _t 

the trenoh bottoms .1th some pookets ot ola7. The bulk denslt7 

ot the s01l ln the trenoh ar .. varled ver,. llttle trom the 

adjacent und1sturbed 8011 atter the surtace 10ads .ere app11ed. 

At the t1me ot loadtng tests, the so11 molsture 1n the test area 

varled troll 17 to 24 per oent (dry .elght basls). 

Tbe repeated 11ve 108d tests caused oonslder.ab1e soll 

compactlon and rut tormat10ns. There was no measurable rebound 

atter the loadlng. The surtace displacement varled troll 4-1n. 

to 15-1n. ln Fleld Te.t No. 5 atter 20 passes ot the 26.3 ton 

truck. Deep traoks may have been caused more b7 plastlc tlo. 

ot so11 under t1res tban by so11 oompactlon. It la kn01ll1 that 

plastlc tlo. oocurs 1t the shear stresa es 1n the s011 exceed 

bear1ng strensth. Tbls strength to a great degree depends on 

the vater content ot the s011. A1so the oompaot10n and plastl0 

t10. ot so11 lncrease v1th inoreasing lIolsture content. There-
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TABLE 2 

DRAIN TUBES CRUSHED DURING FIELD LOADING TESTS 

Field Line NO. Depth to Field Test No. Rear axle No. of No. of 
& bottom of load passes points 

Drain Tube Material drain tube (Tons) after damaged 
(Feet) which from 

failure 6 
found load~d 

(8) - 3.7" corr. 2 (4) - 17 tons 12 10 1 
Yellow German plastic 'Dump' Truck 

", 

(7) - 4" corr. (5) - 26.3 tons 
Black Canadian plastic 2 Concrete 'Ready- 20.3 10 2 

Mix' Truck 

(13) - 4" corr. (5) - 26.3 tons 
Black canadian plastic 2 Concrete 'Ready- 20.3 10 1 

Mix' Truck , . 

(10) - 2.5" corr. ( 5) - 26.3 tons 
Yellow German plastic 2 Concrete 'Ready- 20.3 20 1 

Mix' Truck 

(14) - 2" semi-rigid (5) - 26.3 tons 
White Dutch plastic 2 Concrete 'Ready- 20.3 20 1 

Mix' Truck 

NOTE: No failure of any drain tube was found upto Field Test No. 3 - 40 passes of the 
Ford 8000 tractor (Gross, 6.23 tons~ rear axle, 4.20 tons) hitched to a loaded 
forage wagon (Gross, 7.60 tons~ rear axle, 4.55 tons). 

e 

Vehicle Remaining 
Sinkage Cover 

(Inches) (Inches) 

9.0 11.3 

11.5 8.5 
10.3 9.7 

8.4 11.6 

7.2 14.3 

8.5 13.5 

~ '-----" 



tore, due to 'molat ta wet' so11 condltlon and hlgh pressure 

concentratlon near the ground surtace, the 71eld strength of 

the soll .. a exceeded reaultlng in dltterent amounts ot so11 

dlsplacement and varlatlon in orlgtnal depth ot drains betore 

tallure ot the drain tubes ns reached. 

ln Fleld Test No. 4, the tal1ure ot the ).7-in. corrugated 

7ellow Geman plastlc tube (Line 8) ... s probabl,- due to the 

soll be1ng mucb sotter and tbe vehlele sinkage greater than 

over tbe other tubes. It _as not posslble to obtain a unltorm 

so11 condltlon tor tbe oomplete tleld test area. Tbe sinkage 

over Line 8 was 9-1n. atter 10 passes of the 'dump' truok 

(17 tons). Tbe slnkage over other llnes at that stage ... s anl7 

about ) incbes. 

Slnce tbe plastlc tube ltself has relatlvel,- llttle ~­

herent atrength and a large part ot lts abl1lty to support 

vertlcal loads ls derlved trom the passlve pressure induced as 

tbe sldes aove outward agalnst the earth, lt ls reasonab~e that 

the tube could support greater loa4s lt placed into a tlrm 

groove formed in the bottom ot the tranch. Fouss (15) retera 

to thls by statlng that, -the strength requlrement tor the 

plastlc drain tubes lnstalled ln a mole-draln channel ls 

probably lo_er than that requlred tor trenoh-lnstalled plastlc 

plpe, because ot the excellent bedding condltlons provlded b7 

the eurved bottom of the mole channel.-

It ls noted that three out ot tour plastlc tubes (Lines 

7, 1), and 14) cru shed as a result ot repeated loading in 

Fleld Test No. 5 b7 the conorete 'Read7-Mlx' truck (26.) tons), 
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were 1nstalled by the Buokeye Tranoher. The fourth tube 

(L1ne 10) that collapsed under the truck load .. s loose 1n 

the hole prov1ded by the Cr1tchley mole plough and apparently 

rece1ved 1nadequate lateral support from the envelop1ng soll. 

Furthermore, the trench-1nstalled plast1c p1pes (trench w1dth = 
la-in.) were very l1kely subjected to greater loads due to 

f1ll mater1als tban those 1nstalled by the cr1tchley mole 

plough, slnce the overburden we1ght on bur1ed p1pe 1s a 

tunct10n ot the square ot the trench w1dth. 

Ev1dently the gravel envelope does not appear to lmprove 

the load oarry1ng capaclty of the subsurtace dra1ns, as both 

the tubes (L1nes a and 10) 1nstalled w1th a erushed stone 

1nt1ll were eollapsed durtng ~he f1eld loading tests. 

Tbe flow capac1ty of partlally deformed tubes would not 

be sUbstantlally atfected as the tubes are eont1nuous and 

malntaln most of thelr flow area. However, lt ls posslble, 

though not very probable, that gradual deflectlon over a 

perlod of years may reduee tlow area and cause lnadequate 

performance of draln tubes. It ls reeommended that some 

plastlc draln tubes be reehecked over a perlod ot 10 years. 

Tbere dld not appear to beany slgnltleant beneflt 1n 

uSlng the 150 degrees clrcular arc groove rather than the 90 

degrees 'V' groove 1n the trench bottom. Reference to T.able 

2 shows that the fallures whlch occurred wlth both types of 

groovlng were only after at least 6 passes of the 26.3 ton 

'Ready-Mlx' truck. The tube ln the 'V' groove trench .. s 

damaged under only 2 ot 6 wheel tracks, whlle the tube,ln 
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the 150 4esree. arc groo",. ... da-sed under onl,. l ot 6 

wheel t:raob. Sinoe tbere were 20 passes ot the 26 • .3 ton 

• Beac17-JU.x· truok on eaoh wh.el traok and 4···se oocuned 

onl7 on those wbeel traob neare.t the observatlon trench 

where the so11 .. s rutted the worst. lt ls oonoluded that 

da •• se 41tterences were aore 11ke17 due to so11 and baoktl1l 

oondltlons than to trench groove tlPe. 

Soe!me (46) reported tbat the oo.pressl ve stress in tbe 

so11 bas a tendenc7 to oonoentrate around the 10&4 axls. 

He tound tbat thls tenduo,. ls sreater nen so11 plastlo1t7 

ls inoreased due to hlgher llo1sture oontent and _hen 

cohealveness ls reduoed b7 a hlgher sand content. Thls state 

_as belng approached in theae tests since the mol sture con­

tent and sand content ot the fleld soll _ere relatlTe17 

hlgh. For these reasons lt ls evident that the fleld tests 

.ere oonducted under adverse loa41ng condltlons. The plaatl0 

drain tubes would wlthstand heavler surface loada wlthout 

serlous dlstortlon as the soll molsture decreased' 

Nevertheless. plastl0 tubing tor subsurtace drainage ln 

thls partleular soll. and sallar condltlons. oan be expeeted 

to tall when the axle lo&d exeeeda 20 tons for drains 2 ft. 

deep, and 25 tons tor drains .3 ft. deep. It ls emphaslzed 

that plastl0 plpe. were eollapsed b7 surface loading onl,. 

atter conslderable depresslon on the soll surtace. Con­

sequentl,. 11,,,e 1084s applled repeatedl7 ma7 produce an 

detrtBenta1 ettect on the sub4ra1ns. 
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1. LpOBAIJ.'OBY TETS 

1. eru8htng Strength 

Ca) Sand Box Method. The average values o~ the crush1ng 

strength b7 the sand box aethod tor the ~ive samples of eaob 

tube tested appear in Table). All samples adequate17.et 

the ses specification requireaent for crushtng streDgth. 

!he detor.ation ot plastic tubes in the sand box .. s gr.a4ual 

and occurred -1nl7 in the lI1ddle third of the sample langth. 

Dlis was probab17 due to the load belng 1laX1mum at the centre 

and reduo1ng to a lesser 1l'ltensit7 tourds the ends ot the 

tube. The cla7 d.raln tiles .ere general17 broken lnto tour 

segments ot approx1mate17 unitor.a .idth. 

(b) Three-Edge Bearing Metbodl The average crushing streDgth 

values b7 three-edge bear1ng aethod tor the five samples ot 

each tube tested Are raportad in Table 4. All c1&7 tile 

samples met the ASTM requiraments for standard qualit7 tile. 

Thera is no )-a4ge bearing strength specification raquireaent 

for plastic drainaga tubing. The load-deflection cbaracteris­

tics of plastic drain tubes are shown in Figure 9. Var1ability 

aIlong crush1ng strength ..,.lues ot f1 ve samples trom a line 

was greater tban bet.een average values froa lines o~ SRBe 

tub1ng mater1al. Theretore, in Figure 9, the load-detlection 

characteristics of five ditterent plastie drainage tubtng 

1nstalled b7 the trencher are plotted as representative 

results. 

The ratio of the strengtb of a drain tube b:; sand box test 

to its )-edge bearing test strength was calculated tor samples 
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from each llne in the fleld. A varlatlon in strength ratlos 

from 2.4 to 4.5 tor clay tlles and trom 25.0 to 39.3 for 

plastlc tubes was obtalned. The marked contrast ln strength 
. 

ratl0 values tor the two classes of condults retlects that 

the lnherent compresslve strength of clay tlle ls the pre­

dominant source of supportlng strength whereas a large part 

of load supportlng abll1ty of plastlc plpe ls derlved trom 

the lateral pressure of the s01l at the sldes of the p1pe. 

In studying the crushlng strength of plastlc drain tubes 

by the 3-edge bearlng method, lt was observed that at a certaln 

value of detlect10n a graduaI decllne ln the load occurs, 

accompanled by considerable defor.matlon ot the plastlc tube. 

Th1s 1s tollowed by a sharp rlse ln the load-deflectlon curve 

occurrlng somewhat before the corrugated wal1s touch. At 

thls stage ln the test the 10ad was borne entlre1y by the bear­

lng plates. The flrst peak in the dlagram was taken as the 

ultlmate 10ad for the tube samp1e. 

The crush1ng strength and the shape of the load-def1ect1on 

d1agram depends notlceab1y on the orlentat10n of the test 

spec1men between the bear1ngs. Spec1mens placed w1th a row 

of water-entry perforat1ons d1rect1y be10w the top bear1ng 

were crushed at a relatlve1y lover value of load. Most 

specimens tested were found to carry thelr u1t1mate load at 

a deformat10n of 45 to 65 par cent of the orlg1nal d1ameter. 

The 3.7-1n. and 2.5-1n. corrugated ye110w German plastlc 

tubes 1nvar1ab1y fo1ded along the rows of water-entry openlngs. 

The locat1on of perforat10ns on top of the consecut1ve 
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corrugation ridges appears to unduly .eaken the tube. Moreover, 

it has been suggested (15) that perforations located in the 

corrugation valleys are sheltered from clogging with soil in 

case of slippage during installation. 

The sand box method for crushing strength test is preferred 

because of the wider distribution of the applied load and 

reaction, and a closer slmulation of the conditions found under 

normal fleld lnstallation. 

~. EXternal loadipg pro pert les of plastic tubes by parallel­

plate loadlng 

The average values of the load in pounds per foot at 5, 

10, 20, and 30 per cent deflectlon obtained by parallel-plate 

loading test are reported ln Table 5. No failure of any 

draln tube occurred up to 30 per cent deflection. All tubes 

recovered from 30 per cent deflectlon to their orlginal shape 

upon removal of the test load. 

The stiffness factors, computed at 5 and 10 per cent 

deflectlon, appear in Table 5. Stitfness factor ls a measure 

of the lnberent strength of the tube and is used to lnvestigate 

draln tube deflection under earth loads. An appllcable ex­

presslon ls the equation 4 in chapter II, known as the Spengler 

equation for flexible pipe. 

The load-detlectlon characteristics of tive different 

plastic drain tubes lnstalled by the trencher are shown ln 

Figure 10. It ls apparent trom the plotted data tbat the load­

bearing strength of 2-in. corrugated grey plastlc tube (wall 

thlckness = 0.025-in.> is 3 to 4 times greater than tbat of 
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2-1n. smooth-wa11ed whlte plastlc tube (wall thlckness = 
O.04S-1n.). Thls demonstrates that corrugatlon adds conslder­

ab1y to the supporting strength of a plpe. Therefore, ln 

order to have the same strength ln a smooth-wa11ed tube ot a 

glven d1ameter as ln a corrugated-wa11 t~be, the wall needs 

to be much thlcker whlch wl11 great1y lncrease the cost of 

the plpe. In genera1, a11 the corrugated-wa11 tubes carrled 

greater loads than the smooth-walled tube at varlous detlect-

10ns. 

From a structural strength standpoint, the performance 

of 2-1n. corrugated grey plastlc tube was superlor ln fleld 

loadlng, crushlng strength, and paral1el-plate loadlng tests. 

Thls was obvlously due to the efficlent corrugatlon deslgn and 

relatlvely sma11 dlameter of the tube~ 

1. creep Reslstance 

In a fle1d lnstallatlon the plastlc dralnage tublng ls 

subjected to long-term sustalned pressures orlginatlng malnly 

trom earth pressures. Therefore the indicated strength of short 

duratlon tests cannot a10ne be used as a measure of the 

structural performance of plastlc plpes. In thls regard 

tests were conducted to check the deformatlon of plastic tubes 

after prolonged appllcatlon of a constant load. 

of creep tests appear ln Table 6 and Flgure 11. 

The results 

All samples 

met the speclflcatlon requlrements for creep reslstance and 

practlcally regalned the1r orlglnal shape wlthln 24 hours after 

the 10ad was removed. 

The deformatlon of polyethylene drainage tubing contlnued 
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throughout the length of the test, whl1e the total deflectlon 

of PVC plpes occurred soon after the appllcatlon of the load. 

The deformatlon of some PVC plpes tested for a perlod of 14 

days under the constant load dld not exceed the deflectlon 

that occurred at the end of 7 days. It ls recognlzed that 

polyethylene has greater plasticlty wlth tlme as compared to 

pOlyvinylchlorlde, and therefore, contlnues to deform for a 

longer perlod of time. 

~. Impact Durabl1itl 

For all samples tested, no splitting or cracklng was 

observed, and the greatest helght of drop recorded .as 40-1n. 

resultlng in an 1mpact durabl1lty of 100 per cent and a 

varlabl1lty of 0 per cent. To pass the test an impact 

durabl11ty of 65 per cent (or 26 lnches) or better ls requlred, 

and the varlabl1ity should not exceed 50 per cent. 

The drop welght test la 1ntended to represent handl1ng and 

lnstallatlon hard-treatment, particularly sharp blows and 

flex1ng, of the type 11kely to reveal any brlttle characterls­

tios. The abl1lty of plastlc plpe to withstand lmpact forces 

under cold condltlons ls not adequately checked by th1s 

method of test. After the removal of test speo1men from the 

freeztng chamber, conslderable t1me ls elapsed 1n mak1ng 10 

blows of the drop welght and subsequent inspectlon of the 

specimen. Consequently the temperature of the specimen ls 

lncreased and impact reslstance at greater helghts of drop ls 

not truly 1ndlcated. ln th1s regard the test procedure glven 

ln the OF.DA, tentat1ve product standard (37) 1s an lmprovement. 
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For the OFDA test each specimen 1s subjected to only one blo. 

or the drop we1ght. 

Separate test1ng vas done to 1nvest1gate the impact strength 

or plast1c dra1n tubes. The spec1mens were cond1t1oned pr10r 

to test at 00 C for 24 hours. The he1ght of drop and the weight 

or the drop hammer vas increased t1ll failure occurred. Each 

test specimen was subjected to a maximum of 5 blows of the 

drop weight. 

The energy requ1red to damage the polyethylene tubes (4-1n. 

corr. black plastie) was about 17 ft - lb while the values for 

PVC tubes ranged from 9 f't - lb (2-in. corr. grey and 2.5-1n. 

corr. yellow plast1c) to 12 ft - lb (3.7- corr. yello. plastic). 

The fallure of polyethylene tubes .as due to distortion of the 

original shape of' the tubing and water-inlet openlngs. The 

PVC drain tubes were severely damaged. The portlon of the 

tube struck by the drop welght edge was completely shattered. 

The drop welght usually passed r1ght through the upper surface 

of the tube, creatlng a hole or sometlmesthe tube was even 

broken lnto 2 pleces. 

The analysls of the results showed a s1gn1flcant lnverse 

relatlonsh1p between crushing strength and impact res1stance 

or plastic drain tubes. Th1s ls very l1kely due to var1atlon 

of propertles of plast1c materlals wlth temperature. Evidently 

the PVC p1pe ls more subject to embrlttlement at low temp­

eratures than the polyethylene p1pe. The higher impact 

reslst&nce of pOlyethylene tube 1s attr1buted to 1ts relat1vely 

hlgh flex1b1l1ty that allows 1t to deflect under load and 

per.m1ts absorpt10n of more energy whereas at low temperatures 
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the PVC pipe becomes fairly rigid and therefore is more 

susceptible to crushing. Nevertheless, the impact strength. 

of the plastic drain tubes tested are far above the require­

ments of the available speclflcatlons. It ls felt that a 

better impact durablllty test ls needed. Some relatlon to a 

l1mlt of rough handllng ln transportatlon and lnstallatlon of 

tubing, such as experienced during backfilllng, is needed. 

j. Longitudinal Flexibillty 

The bendlng test was conducted to ensure that the 

necessary flexlbillty ls present ln the product to prevent 

damage or dlfflculty durlng installatlon operatlons. AlI the 

samples tested met the specification requirements. No signs 

of fracture or fatigue, or kinking sufficient to cause 

hydraullc resistance, or distortion by buckling were observed 

while the tube specimens were held in the bent position or 

24 hours after the test. 

6. Dent Resistance 

No measurable depression was created on any specimen after 

application of the five pound test load for the specified 

period of one minute. 

1. Absorption and Freeze-Thaw Tests 

Results of the absorption tests are reported separately 

for each specimen, together with the average for aIl specimens 

comprising the standard sample in Table 7. AlI the clay drain 

tile samples tested failed to meet the average absorption 

requirements for standard drain tile. The 4-in. diameter 
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tl1es w1th an average absorpt10n of 13.1 per cent mlght be 

oonsldered to just meet the standard qua1lty t1le allowance 

of 13 per cent. However, all the t1le samples met the 1n­

d1v1dua1 absorpt10n requ1rement of 16 per cent for standard 

dra1n t1le. The analys1s of the strength and absorpt1on test 

results showed that the t11e samples bav1ng hlgher absorptlon 

a1so usual1y had relat1 vely h1gh crush1ng strength. Th1s ls 

somewbat contrad1ctory to the flnd1ng of Manson and Mlller 

(27) who reported that h1gh-absorptlon clay products are 

rarely h1gh-strength products. 

Requ1rements for water absorpt1on are wa1ved prov1ded the 

other requ1rements ln ASTM spec1f1cat1ons (6) are fulf1lled 

and the sample shows no dlslntegratlon or spal11ng when 

subjected to the freezlng and thawlng test. If the sample 

wlthstands 36 freezlng and thaw1ng cycles, lt ls accepted as 

standard qua1lty tlle, and 1f lt wlthstands 48 freezlng and 

thawing cycles, lt ls class1fled as extra-quallty drain t1le. 

In the laboratory freeze-thaw test, the clay tlles started 

to flake and break up after approx1mately 20 freez1ng and 

thaw1ng cycles. The t11es havlng h1gh absorptlon had relatlvely 

low reslstance to damage by freezlng and thawlng. There was 

no perceptlble damage to the plastlc dra1n tube specimens after 

36 reversals of freezing and thawlng. 

Publlshed lnformatlon (31, 21, 12, 53) on thls subject 

shows that there ls 1ess deterloratlon of tlle due to frost 

actlon ln a fleld 1nstallatlon than wou1d be predlcted from 

the laboratory freezlng and thawlng test. Thls ls due to the 
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fact that at normal drain depth ln the fleld, the solI freezes 

at a very slow rate and ls usually frozen for a long perlod, 

whlch produces lesser stralns 1n tl1es than caused by 

eomparatlvely rapld freezlng and thawlng oyoles ln a laboratory 

test. 
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e TABLE 3 -CRUSHING STRENGTH BY SA~D BOX METHOD 

Drain Tube Material Field Inside Crushing strength 
and Line diameter Average of 5 samples Minimum of 5 samples 

Nominal size No. (Inches) lbs. per lbs. per lbs. per 
linear foot sq. inch linear foot 

8" Clay tile 1 8.010 2116 18.1 * 2040 

3.7" Corr. yellow German plastic 2 3.621 8560 183.1 8280 

6" Clay tile 3 6.020 3768 43.1 3480 

2.5" Corr. yellow German plastic 4 2.324 10124 329.9 9800 

4" Clay tile 5 3.998 4460 72.2 4240 

2" Corr. grey plastic 6 1.785 10688 451.6 10560 

4" Corr. black Canadian plastic 7 4.033 7536 138.3 7400 

3.7" Corr. yellow German plastic 8 3.623 9048 193.1 8760 

3.7" Corr. yellow German plastic 9 3.622 9056 195.9 8840 

2.5" Corr. yellow German plastic 10 2.323 10060 327.3 9900 

2.5" Co~r. yellow German plastic 11 2.323 10050 327.0 9960 

2" Corr. grey plastic 12 1.778 10604 448.7 10480 

4" Corr. black Canadian plastic 13 4.029 7822 143.7 7640 

2" Semi-rigid white Dutch plastic 14 1.900 10140 424.8 10060 

3.7" Corr. yellow German plastic 15 3.621 8872 189.9 8720 

NOTE: The minimum crushing strength requirements for corrugated P.E. drainage tubing is 23.5 psi in 
USDA, SCS Standards (1968) and 1500 lb per lin ft. in ADS Specifications (1967). 

* psi based on Total Vertical Load / Projected Area of Tube 

lbs. per 
sq. inch 

17.4 

176.9 

39.8 

319.1 

68.6 

446.1 

135.9 

187.2 

188.8 

322.2 

324.1 

442.3 

140.2 

420.6 

186.4 

1 

, 

1 

1 

1 
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e TABLE 4 e 
CRUSHING STRENGTH BY THREE-EDGE BEARING METHOD 

Drain Tube Material Field Inside Crushing Strength 
and Line diameter Average of 5 samples Minimum of 5 samples 

Nominal Size No. (Inches) lbs. per lbs. per lbs. per lbs. per 
linear foot sq. inch linear foot sq. inch 

8" clay tile l . 8.008 875 7.48 792 6.76 

3.7" Corr. yellow German plastic 2 3.622 343 7.34 280 5.99 

6" clay tile 3 6.020 1041 .11.89 888 10.10 

2.5" Corr. yellow German plastic 4 2.323 295 9.61 268 8.74 

4" Clay tile 5 4.000 982 16.00 890 14.41 

2" COirr. grey plastic 6 1. 784 359 15.18 337 14.25 

4" Corr. black Canadian plastic 7 4.045 278 5.11 253 4.65 

3.7" Corr. yellow German plastic 8 3.623 348 7.45 328 7.01 

3.7" Corr. yellow German plastic 9 3.621 349 7.46 328 7.01 

2.5" Corr. yellow German plastic 10 2.323 290 9.45 276 8.99 

2.5" Corr. yellow German plastic 11 2.322 284 9.25 265 8.64 

2" Corr. grey plastic 12 1. 785 367 15.51 339 14.31 

4" Corr. black Canadian plastic 13 4.051 272 5.00 259 4.76 

2" Semi-rigid white Dutch plastic 14 1.900 258 10.80 224 9.38 

3.7" Corr. yellow German plastic 15 3.622 345 7.37 319 6.82 

- - - - -- --
NOTE: The average m~n~mum crushing strength requirement in ASTM Designation: C4-62 for standard quality 

~lay drain tile (4, 6, and 8-in. diameter) is 800 lb. per lin. ft. There is no 3-edge bearing 
strength specification requirement for plastic drain tube. 
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Drain Tube Material 
and 

Nominal size 

3.7" Corr. yellow German plastic 

2.5" Corr. yellow German plastic 

2" Corr. grey plastic 

4" Corr. black Canadian plastic 

3.7" Corr. yellow German plastic 

3.7" Corr. yel10w German plastic 

2.5" Corr. yellow German plastic 

2.5" Corr. yellow German plastic 

2" Corr. grey plastic 

4" Corr. black Canadian plastic 

2" Semi-rigid white Dutch plastic 

3.7" yellow German plastic (Corr. 
- - --

TABLE 5 

LOAD - DEFLECTION MEASUREMENTS & STIFFNESS FACTOR OF 
PLASTIC DRAIN TUBES UNDER PARALLEL-PLATE LOADING 

Field Inside Load, lbs. per linear foot 
Line diameter (Ave. of 5 samples) 
No. (Inches) AT 

5% Defl. 10% Defl. 20% Defl. 30% Defl. 

2 3.622 70.50 132.08 201.10 224.00 

4 2.323 44.00 116.50 191.50 223.00 

6 1. 785 79.40 145.36 220.13 241.00 

7 4.051 77 .59 125.22 165.60 193.21 

8 3.623 66.12 128.20 194.57 237.16 

_9 3,623 80.98 142.43 205.32 230.40 

10 2.323 61.60 123.30 190.27 255.90 

11 2.322 65.88 118._60 195.41 250.10 

12 1. 780 90.00 150.78 215.66 240.89 

13 4.060 76.99 123.10 162.96 187.33 

14 1.900 20.10 37.50 66.73 85.40 

15 3.620 67.85 127.68 200.67 230.00 
'-- - ----------- '-------- --

NOTE: AlI samples regained their original shape following the removal of the load and 
no failure occurred at 30 per cent deflection. 

e 

stiffness factor, 
in. 2-lb/in. 

AT 

5% Defl. 10% Defl. 

32.05 30.00 

8.58 11.31 

9.12 8.34 

46.50 37.60 

30.10 29.21 

36.80 32.30 

12.00 11.97 

12.83 11.53 

10.35 8.65 

46.18 36.84 

2.42 2.26 

30.86 29.07 
-
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TABLE 6 

CREEP TESTS ON PLASTIC DRAIN TUBES 

Field Line No. Inside Measured DefIection. ~ercent decrease in inside diameter 
& Diameter Time after annlication of load Time after removal of load 

Drain Tube Material (Inches) 6 Hours 24 Hours lJ)§ Hours 9 Hours 24 Hours 
(2) - 3.7" Corr. Yellow 
German Plastic 3.623 3.91 3.92 3.98 0.52 0.12 
(4) - 2.5" Corr. Yellow 
German Plastic 2.322 2.83 2.90 2.99 0.46 0.05 
(6) - 2" Corr. Grey 
Plastic 1.785 0.55 0.75 0.87 0.0 0.0 
(7) - 4" Corr. Black 
Canadian Plastic 4.052 1.62 2.97 3.60 0.95 0.33 
(8) - 3.7" Corr. Yellow 
German Plastic 3.622 3.85 3.90 3.95 0.41 0.06 
(9) - 3.7" Corr. Yellow 

3.623 German Plastic 3.34 3.41 3.42 0.29 0.0 
(10)- 2.5" Corr. Yellow 
German Plastic 2.323 2.95 2.97 3.00 0.31 0.02 
(11)-2.5" Corr. Yellow 
German Plastic 2.322 2.88 2.95 2.98 0.34 0.04 
(12)- 2" Corr. Grey 
Plastic 1.783 0.51 0.80 0.88 0.0 0.0 
(13) - 4" Corr. Black 

1.74 3.48 0.67 C&nadian Plastic 4.055 2.89 0.29 
(14) - 2" Semi-rigid 

4.35 4.54 White Dutch Plastic 1.900 4.55 0.0 0.0 
(15) - 3.7" Corr. Yellow 
German Plastic 3.621 4.14 4.18 4.21 0.45 0.18 

NOTE. The allo_able decrease-in Tru3i-dediameter af1:erapplicatiori-of theload-ls12 percent 
at the end of 24 hours and 125 percent of 24 hrs. deflection, at the end of 168 hours. 
Upon removal of the load, the deflectlon should decrease by at least 70 percent of 
168-hour deflection wlthln 24 hours. 
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TABLE 7 

ABSOBPl'ION TEST œ CUy DRAIN TlLE 

1 

F1eld Line No. Sample Ins1de We1ght We1ght after Maximum .. ter absorpt1on 
& D1ameter after Dry1ng Saturat10n by_5-hr. bo1l1M (peroent) 

Drain Tube Mater1al No. (Inohes) (Grams) (Grams) Ind1v1dual Average of 5 
T1les 

(1) - 8- Clay Tile 1 7.968 1779.32 2047.90 15.1 
2 7.951 1671.91 1881.50 12.5 
3 7.956 134·0.40 1514.60 13.0 14.1 
4 8.150 15'j'0.90 1806.25 15.0 
5 8.015 1~34.90 1877.10 14.8 

(3) - 6- Clay T1le 1 6.035 1492.85 1711.50 14.6 
2 6.012 1628.35 1874.20 15.1 
3 6.031 924.00 1050.20 13.7 14.2 
4 6.010 1466.40 1675.20 14.2 
5 6.012 1412.10 1600.70 13.3 

(5) - 4- Clay T11e 1 4.075 746.80 8)0.70 11.2 
2 3.925 912.90 1053.20 15.4 
3 4.093 816.82 921.00 12.8 13.1 
4 4.000 752.91 858.00 14.0 
5 3.907 657.50 7)8.50 12.3 

NOTE. Requirements for standard qua11ty t1le are a max1mum vater absorption by 5-hr. boi11ng 
of 16% for an 1nd1v1dual t1le and 13% for the average of 5 tiles. 

-...J .... 



.Q. ESTIMATION OF PIEt,n PEBFOBMANCE PROM THE LABOBATOBY TEST 

The mlnlmum soll cover needed to pre vent oollapse under 

fleld oondltlons .as estlmated from the crushlng strength 

values of the plastlc draln tubes obtalned by the sand box 

test. The mlnlmum depth of draln requlred was oomputed by 

means of equatlon 8 ln Chapter II, based on Froehlloh's 

formulas (17). The caloulatlons showed that a mlnimum of 

13 lnohes of soll oover ls requlred to prevent collapse under 

a wheel load of 3 tons. Thls agrees wlth the fleld loadlng 

test results s1nce fallure oocurred on tubes whloh had oover 

reduced belo. 13 !nches due to ruts. However, reference to 

Table 2 shows that the smaller dlameter tubes 1n Lines 10 

and 14 falled wlth soll covers of 14.3 and 13.5 lnches 

respeotlvely. It bas been polnted out (15) that the lnorease 

ln strength requlred for smaller dlameter tubes ls a functlon 

of the varylng amount of support provlded by the enveloplng 

soll. In order to provlde adequate support to the smaller 

dlameter plastic draln tubes a larger bearlng strength of the 

soll ls requlred or greater soll coyer ls needed, and there­

fore the afore mentloned dra1n tubes .ere crushed at a 

relatlvely small vehlcle slnkage. Us1ng a factor of safety 

of 3 on the load basle, the safe dra1n depth of 18-ln. was 

obtalned. From the standpo1nt of depth to provlde adequate 

dralnage, the bottom of draln tubes should be 30 lnches deep 

or deeper. Apparently from both structural and hydraullc 

aspects a trench 4epth of 30 lnches or more appears to be 

deslrable. 
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It ls theretore recommended that plastlc dra1n tubes 

should be lnstalled at trench depths ot 30 1nches or more 

sinoe dlsplacement ot soil up to 12-in. or greater may oocur 

due to repeated passes ot the heavy live loads leaving only 

18-in. or lesser net cover. 

Sample caloulations tor L1ne No. 7 (4-1n. corrugated 

blaok C&nadlan plastic tube) are shown below. 

The average load app11ed through a 8-in. X 8-in. plate 

to crush the drain tube sample trom Line No. 7 ln the sand 

box (Bet. Table 3) = 7536 pounds. 

The lntensity of pressure at a point 6-in. above the 

drain tube sample in the sand box = ~ = 118 psi. 

The approximate 1ntensity ot pressure in the soll 6-in. 

directly above the top ot the drain tube when tailure occurred 

under t1eld conditions is assumed equal to 118 psi. 

The vertlcal distanoe trom the surfaoe to the polnt 

where the lntenslty ot pressure due to wheel load ot 3 tons 

wlll be 118 psi is computed trom the follow1ng equation. 

)1+2 

Pz = ~Po c;~ 9 Bef. Equation 8 (17) 

where Pz = 118 psi, intensity of vertical pressure in the soil 

or the perpendicular stress, 

Po = 6000 lbs., conoentrated surtace load, 

)1 = 6, concentration tactor used (46) tor soft soil 

oonditions, 

~ = 0 degrees, the angle tormed with the vertical by the 

radius vector trom the point ot application ot load to 

the point oonsidered on the load axis, and 

z = the required vertioal distance in inches. 
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Substituting in the equation 

118 = 2- x 6000 X 
2fT 

Cos 6+2 0 
Z2 

Z2 = 48.6 

z = 7-in. (approx.) 

Minimum cover required to prevent failure = 6+7 = 1J-in. 

The curves of equal pressure shown in Figures 12 (a) and 

12(b) were calculated from the relationship (46)1 

P = P cos2e z r 

where Pz = perpendicular stress, and 

Pr = polar principal stress. 

SUbstituting for Pz in equation 8, the principal stress is 

given by 

Cos }I+29 
Z2 

• 1 

For the J ton truck wheel load, different values were 

assigned to Pr and~, and the vertical distances from the sur­

face were computed. The points of equal pressure were joined 

by curves. The pressure distribution under dual wheels was 

obtained by superposition of the stresses from two point loads 

spaced 12-in. apart. 

The foregoing theoretioal determination of the drain 

depth and the pressure distribution in soil under tires does 

not precisely model the field situation due to the following 

reasonsl (i) Sand box test results are not directlyapplicable 

to the field loading because of differences between the sand 
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box so11 and boundary oondltlons and the fleld soll and 

oondltlons. (11) The traotor or truok tlre does not transter 

lts load to the so11 at one pOlnt and the assumptlon of a 

polnt load wl11 not truly represent the aotual sltuation. 

(111) The stress dlstrlbut10n in soll under wheel loads 18 

modifled by the tire inflatlon pressure, tire dimenslons, and 

the moisture oontent and dens1ty of the soll. However, the 

oaloulated depth of drains based on sand box test strength and 

the pressure distributlon ln soil under truok wheels glves 

some estimate about probable field performanoe. The exact 

values of stresses in the soll cannot be obtained theoretlcally 

due to the heterogenelty of the soll. 
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v. SUMMABY AND CONCLUSIONS 

Newly developed corrugated plastic drain tube should make 

the job of subsurface drainage less laborious and more 

economical because of its light weight, flexibility and the 

attendant advantages in ease of transportation and placement. 

Concern has been shown regarding the probability of the light 

plastic tubes collapsing under field loads. In this study the 

structural qualities of available plastic drain tubes both in 

the laboratory and the field were investig,ated. 

Fifteen lines of plastie and clay tile drains .ere in­

stalled at 2 and 3 ft. depths 1n a sandy clay loam soil and 

subjected to loading by farm vehicles and trucks. Deformations 

up to 20 and 30 per cent of diameter of the tubes were checked 

wlth two sets of plug gauges lnserted from the outlet ends. 

Samples of the same tubes were tested for crushing strength, 

creep, impact durability, flexibility, absorption and resistance 

to freeze-thaw action in the laboratory. The physical proper­

ties 0: the samples were compared with the available 

specifications for plastic drainage tUbing. Some inferences 

about probable field performance were drawn from the Iab­

oratory test for crushing strength by the sand box method. 

During the investigation the following points were noted. 

1. No damage occurred with 40 passes of the Ford 8000 

tractor (Gross, 6.23 tons, rear axIe, 4.20 tons) hitched 

to a loaded forage wagon (Gross, 7.60 tons, rear aXle, 

4.55 tons). 

2. Some plastic drain tubes installed at 2 foot depth were 
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collapsed as a result of repeated passes of the 26.3 tOi .. 

truck w1th 20.3 tons on the tandem rear &Xle. 

3. Some plast1c drains ware deformed beyond 30 per cent of 

the1r or1g1nal d1ameter but rebounded on removal of s011-

f111 pressure and pract1cally rega1ned the1r or1ginal 

shape. 

4, The plast1c dra1n tubes were crushed by surface load1ng 

only after cons1derable depress10n on the s011 surface 

and format1on of ruts. 

5. There was no great advantage 1n us1ng the 150 degrees 

c1rcular arc cradle compared to the convent1onal 90 

degree 'V' groove in the trench bottom. The damage 

d1fferences of plast1c drain tubes were attr1buted to 

s011 and backf111 cond1tions rather than to trench groove 

type. C8reful placement of the first s1x inches of 

loose s01l for b11nding and subsequent backf1ll1ng of 

the trench was cons1dered to be important. 

6. In the field loading tests no clay t1les were broken. 

The plast1c dra1ns 1nstalled by the trenchless plough 

showed better load supporting ab1l1ty than the trench­

installed plast1c pipes. 

7. All the dra1n tube samples tested in the laboratory 

adequately met the requ1rements for crushing strength. 

Plastic tubes fa1led due to excess1ve deflect10n and clay 

tiles by rupture of the walls. In the 3-edge bearing 

test, most specimens carried the1r ult1mate load at a 

deformation of 45 to 65 per cent of the original diameter. 
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Perforatlons located on top of the consecutlve corrugatlon 

rldges tD the yellov German plast1c tubes were found to 

have adverse atfect on the tube strength. 

8. The ratl0 of the strength of a drain tube by sand box 

test to lts 3-edge bearlng test strength var1ed from 

2.4 to 4.5 for clay tlles and trom 25.0 to 39.3 for 

plastlc tubes, lndlcatlng the extent to whlch the load­

bearlng strength of plastlc plpe ls enhanced when lateral 

support for the plpe ls developed. 

9. Creep ln polyethylene tubes contlnued throughout the 168-

hour test perlod whlle the deformatlon of PVC plpes was 

observed lmmedlately after appllcatlon of the load, 

lndlcatlng greater plastlclty wlth tlme of polyethylene 

as compared to polyvlnylchlorlde. 

10. Polyethylene tubes have impact strength of 17 ft-lb as 

measured by the drop welght test at temperatures around 

00 C. The fal1ure vas ductl1e rather than brlttle, 

suggestlng brlttleness temperature ls well belo. 00 C. 

PVC plpes are susceptlble to embrlttlement at freezlng 

temperatures. The p1pes fa11ed due to severe br1ttle 

fracture and 1mpact strengths varled from 9 to 12 ft-lb. 

11. Major1ty of clay t11e samples fa11ed to meet the ASTM 

spec1f1cat10ns for absorpt10n. H1gh-absorpt1on clay t11es 

generally had relat1vely h1gh-crush1ng strength. The clay 

t11es started to flake and break up after approx1mately 

20 reversaIs ot treez1ng and thawlng. There was no 

percept1ble damage to the plastlc drain tube speclmens 

after 36 cycles. 
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12. Based on the crushing strength values obtained by the 

8aD4 box test, a mlnlmum soll oover of 13 inches was found 

essentlal to prevent fallure due to surface loads such 

as applled in Fleld Test No. 4 and 5. To provlde 

successful dralnage condults wlth plastlc tublng 

conslderlng both structural and hydraullc aspects a depth 

of lnstallatlon of 2.5 feet or more ls recommended slnce 

ruts up to 12-1n. may occur due to repeated loadlng by 

farm vehlcles or trucks. 

It ls therefore evldent that there should be no dlfflculty 

wlth plastlc drain tubes lnstalled at depths of 2.5 feet or 

more wlth normal backfl1ling, lncludlng 6-ln. deep b1indlng 

wlth 100se soll. Where drain tubes pass under laneways whlch 

carry much heavY trafflc the tubes should be more than 3 feet 

deep or have a steel plpe sectlon ln the portlon of the llne 

under the !ane. 

- 81 -



YI.. BECOMMENDATIONS FOH FUHTHER HESEAHCH 

Some topics related to this Thesis which are seen to 

merit further research are given below. 

1. A mathematical theory should be developed for deter.mining 

the character, direction, and magnitude of the soil 

overburden loads on plastic drain tubes installed by 

the trenchless method of drain laying. 

2. To study the long-term deformation of plastic drain tubes 

installed under field conditions, observations of the 

changes in shape of the tUbing should be made periodically 

over a span of 10 to lS years. 

3. There is a need to develop an efficient simple filter for 

use with plastic drain tube to prevent ingress of sed1ment 

in those soils where there is a drain clogging problem. 

4. Additional testing is needed to deter.mine more specifically 

the best arrangement, number, and size of perforations 

to provide adequate water-entry openings without unduly 

weakening the plastic tube. 

S. A better impact durability test is needed. Some relation 

to a limit of rough handling in transport and installation 

of plastic drainage tubing is needed. 

6. Tests are needed to establish the hydraulic capacity of 

corrugated plastic drain tubes to provide bett~r drainage 

system design data. It would be good if a general relation 

between corrugation shape parameters and friction loss 

characteristicB could be obtained. 
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