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SYNOPSIS.

The purpose of this investigation is to develop a method of placing
8 strengthening liner on the walls of & hcle made by a mole plow and o
determine the feasibility cf adapting this type of drainage to airfield
subgrades and shculaers, botyi as an aid durirg oconstruoticn and as a
mothcd of installing permanent subsur!faog drainage systcms,

A mole slow with provision for nunping asphelt and cement mixtures
out ¢f the roar was constric.ed and usud in a largo scale tcst box filled
with a fine silt, Tests were made with variouz eoxtruded materials. An
investigation was mede ecrnourrertly te detormino the possibility of
vsing a flexible perforated plastic tubirz to be placed by a cable laying
machine. |

Basic conclusl ns detemmimed from thses tosts arc as fbllows:

Qe %t is belioved that some type of mole Grainage can be
adapted as ui vevnomical and fourible method of draining airfield sube
grades oad snculdurs,

be  Ilu usc f sand o-phalt mixturo as a linor is not practicul
as & mixvure posscvssing the minimun stebility requirements cannot be made
sufficiertly fluid by heating tc allow pumping by the pressure method.

Ce  Fiuld instuilutions of strengthening linor of portlamd
carrernt mixtures in tho walls of a mole drein by usc of oithor prossuro
sreuting, or cemont cun is bhelicwed impractical due to the diffieulty in
orntraiiing sutting tind o maintaining wniform flow and the uncurtainty
of obtuliing a continuous drain.

de  Dirvet wornm fved thet can be sychronized with plowing spued
is bolivved %o be the praoctics) mothed for ¢xtruding a pcrila:d comont

misturc tc insurc 1 continucus draine

-1-




0s» ~rloci.,; © perforated plastic tubing by a cable laying
machine appoars tou bo a promising ard ceonomical methed of strengthoniug

the walls c¢f the molo hoeles




W ~ o INTRODUCTION

l. authority. The Mole Dratmage Invostigation was initiated by
tho Office of the Chiuf of Bogineers by lotter to tho Division Engineer,
Now England Division, subjiocts "Mole Drnimege Investigation", dated 25
April 1945, 4pprovel of Mnstruotions and Outline, Mole Drainage Investie
gation" was given at e mocting held in the Office of the Chief of Engino-
ere, 7 August 196, attonded by reprosentatives of the Now England Divie
sion. Final authorization and sllocation of fund: was given by Directive
Consecutive No. 7 A 24,875 of 12 sugust 1946 from the Offico of the Chief
of kngincers to the Division Enginuer, Now England Division, subjoots
"Funds for Investional Program for Fiscal Yoar 1Q47".

2, Purposve Molsc drainage as uscd in agriculture consists of towing
a specially constructed plow through the aarth to makc o helc three or
four inches in diamuior, parallel nnd approximetecly two to throe foet
below the ground surface with a narrow slot to tho ground surfaco cit by
the vertical blade of the nlow. Tho purpose of this inwvustigation is to
develop a method of placing & strengthoning liner on the walls of a mole
hole and to detunﬁin@ thy feusibility of adapting this type of drainage to
airfield subgrades and shoulders, both as an aid during construction and
as a method of instelling permanent subsurfaco dreina~s systems,

3¢ Scopos To mocomplish the purposc as stated o molc plow and &
lerge scale laboratory toust box were constracted. 4 firc silt was placed
in thu tust box and the mole plow was uscd 'h'o maku mole druins in the
silte The holes formecd werc left wilh plain carth walls und attempts were

also made te sirungthea the walls by oxtruding espialt and portland comont

- grout out of the r¢ r of the plows Obsurvations wer: :made on the various




mole drains thus constructed.s 4n investigation is also being made cone

ourrontly to determino the possibility cof using e flexible perforated

plastio tubing to bo plased by a cable laying machine, all available

literature was roviewed for possiblc application to the problems

Le Definition of Terms, Tho terms ag uscd in this invostigation are

defincd as followss

as Mpolo Drainage is the collection and carrying away of sub=

surface water in an underground channel which has been fcrmed by a mole
plow,
be Holc Plow is a machine with a cartridzo cr mcle at the base
of a vertical blade, which is pulled through the scil sc as to form a
channel frem three ﬁo gix inches in diamcter at a depth of onc to four
feat boluw the growxd surface,.
¢e Tost Box is a weoden bex four feot decp, five feot wide and
. twelve foet long with provisions at cach ond for inserting and withdrawing
a mele plow and facilitics for applying surface loads and oponing the box
for oxamin.ation of the mele drain.

5« Historiecal Background,

ae liole Drainse. ole drainago hns beexn usod oxtonsively in
Eurcpo and low Zoaland as a msans of both subsurface and surfaco drainago,
and thore have been geod results with it in a few places in this ecountry,
mostly in the heavy agricult:ral scils along tho Gulf of Nuxico, particulsre
ly ia Flerida ¢nd Louisiana wicro molc drains have remainoa in satisfactory
operation fer periods of as lony as 15 years,
Tho Unitod States Sugar Corporétion omploys molc drainage
. to quitc an oxtensive dogros in tho muokland arcas of thoir plantations,

- This has boen quite sutisfactory in their farm land druinago, both as to
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effectivenoss and durability., Commonly, moles in muck lunds are offective
for sevoral yours. slate 1 shows tho mole plows useds H. 4. Bester of
that company said, "This method is particularly adaptablo to our muck
type soil and is superior to any type of tile drain, I beliovo it could

bo successfully applied to othor soil types such as gumbo or loams under

favorable conditions and proper powor,"

flate 2 shurs a mole plow developed by the Division of
Agricultural Extensicn, State College, Perna. Flate 3 shows a mole plow
as manufactured gomuncreially in tho United States and Plato L shows eoms
mol¢ droins made by this equipmont,

ﬁaports of various demomstrations and experimonts with
molo draias, mostly in England, arc given in several of the articloes
listed in the bibliography. .F&-om these repcrts the following couclusions
may be drawn:

(1) Heavy silt and clay scils are usually suitable for
nole drainayo but Hr, M4, as G Johnson, Deputy Chief Drainage Enginocer of
the Ministry of Asriculture and Fishcries, England, states that the
physical characteristics of the clay are not an adequatc guide te deterw
mine the suitability of tho muthod for any particular locaticn. Mole
drainage frequently fails in one olay and is successful in ancthor clay
wheoro tho physical analysis of the two clays shows ne apprcveiable dife
fororces in the charscteristics. In a few casus, mole druains in friable
§01i8 have buun succossful, In friablo scils moro slope is roquirod to
provwnt water standing in tho mole drain whioch would tend to makc the walls
fall in,

(2) The bust time to placu mole drains is from October to

Mey when the land 3. foirly wote The resistanoe to the plow at that time




is not high and tho slit made by tho vertical blade will scal up guickly.
If a hot dry period follows the placing of molo drains the slit will not
close ond the drain is apt tc silt up during tho next rain,

(3) If plowing is dono in moiat soil thc sides ~f the mole
drain are smocth, but in dry soil the sides fray and load to detorlioration,

{(4) Drains drown uphill clear the water at a greater rate
ans silt up loss oudckly than do drains dravm downhill.

(é) For offective drainage the channcls should be spaced
from 10 to 25 feot apart being closcr together in the hoavier soils,

(6, The placing of permansnt main drains end the placing
of pipes at the cutlet of the mole drains %o prevent clogging are im-
portant.

(7) iole ‘drains usually give an averape of from three to
ten yoars of sctisfoctory servico befors it becomes necessary to plow now
chainclse

be aAltormatives to iole Drainage. In crder to oxtend the

useful life of tho drains and also to make them usoful in all fine grained
scils, various methods of pulling tile, wooden boxes, and motal tubing in
behind the plcw heve boen used tc scme extent in Europe. saccording te M,
Johnsor, an eocnomical suitable mothod docs not appear te haww beon
Covelopod yot, Some of the mothods are described below,

(1) A Scottish firm used a mole plow with two vertical
blades and c.ririd-es mounted on’t.’w frame, ono a little behind thc cther,
Tho rcar cartricgo was slightly larger than the front one und to it a wire
cable was altached .a such a way that it would bu detachud by withdrawing
a pin in the bladu nbeve ground level. Twelwu tiles wuro threaded on the

wirv cableu, und 2 that point thv cable had a ccllapsible clip which was
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opened and fittod vor the emd of the last t{ile, Then e further length

of cable was conrected by moans of & link and twelve morc tiles wure
threaded and encther olip fitted. Tho maximum prossure th&tlthu tiles wero
subjooved to was thus nover mere than that rocessary to push twelwe of
them alcng the aole formed by the mols plow, The collepsible clips were
so dosigned that a forward pull causod them to grip and push forward the
tiles ahead of them, while a backward pull caused the clips t¢ collapse,
Tho tilos wers drawn intc tho mole hole down a wocden slipway which insured
aligrment. At the ond of the run the pin was withdrawn cn tho roar blade
of the mole plow and the cablo drawn backwards to the sturting point,
The separation cf the tile laying blado ard cartridge from the molee
draining biadc and cartridgc proper allowed any cbstruction hit by the
lattor to bo romovod without discounecting the train cf tiloss The mele
plow was abcut 1j inehos largor in outsidc diamotor than tho tiless

(2) Another method known as tho Foppelsdorf draincgo
s&stom was quite similar to tho Scuttish mothod but hud a special fouture,
Tho wirce coblou by which tho tiles wero drawn into the mclo drain had attached
to it a sorios cf shuct-iron oy shapud spacers which oxactly fitted the
inside ~f thc tiles. Tho cable wnd spacers wero threoadod through the tilos
with the aid of o long wire ncedlo and the tilus sc thiuvadod wore laid
cut in lengths (' 100 ft, in parallol V-shaped wooden chnnnols. The
channuls and spucers iusured currvct alignment cof the tiles. a dotache
able disk was fastened to tho cublu after tho last tilo. 1ho cnble was
attanched tc an cxpander which was larger than the tilos end this was
hinged to the reer ond o the eartridge of a mole plew, The tiles were
- ¢oawn by thv mole plow frem tho wooden chunnels down a sl.2ing tronch into

the mole drains and as the last tile entercd the melu hele, the disk was
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romoved and u furthcr 100 ft. longth cf cable ecarrying tilos was connoosted
by o spceial link which was outwordly tho semo size and sha»e as the spacers
alroady monticnod. The disk was rcattachod to tho end of the last tilo,
The detuchment of the cable from.tho oxpandor at the end of the run was
rather ingenious. The blado and eartridge was raised to thu ground level
by gearing or cther davice on the mole plowe The expander followed the
cartridgo ard this inelinction autcmatically detached the cablc as shown
in Flate 5. The oablo was withdrawn leaving a plug in the mouth of the
first tile. It wos 2ulled back to the starting point by a hand or horse
operatod windlasse In this wayr lengths of LOO fect of tile drains have
bocn suoccssfully laide In some operations wherc this mcthod was used it
was found that a very rapid ccntractia-:-l of the molc drain took place nee
oessitatine a oonsidorable differonco in gsize betwuon cxpander and tiles,
Undor Gorman co:ditions tic cost of this msthod was hbcut 50 por cont that
of drains 1laid by hand labor, wi.ic regular mole drainago without tile
could be put in at only 20 per cont of the cost of hand laid tilc,

\3) Dr. Jawrt of tho Departmcnt of Agriculturo, licprig
Univorsity, Gurmany, devisod a machine for layin: a scatinuous longth of
conerute pipe, vhich ho doscribed in England in 1933, It ocnsisted ol a
melo plow so dosirand as te form o porcus ceaorote plpe aleng the wells
of the acle hcle @ rmud by thu curtridgos Thu Lssontial foature of the
machine was that z aixturc was fed to the mcle dradan in o dry. stato and
this wus thon wutted fronm the insice by wator supplicd from a porous stomo
tail sttichod & taw rour «f the cartrid;oe Smouring of the wills was
aveided end the pipy retuimd ite pormccbility. This was contrellod te

o orect oxteat by varyiny the groperticons of cemunt and s il in wae mixsuro.




From a hoppur at the top of the mole plow blade the mixture was fed down a
tubo attachud t¢ the back of the blede to a point behind uie cartridge.
Here thorv was a hollow conical plug which forced the mixture into the
annular space botween the plug ami the walls of the mole hole. Viater was

supplivd from a tamk on the hoppur through & tubo running down inside the

blade to the inside of the pipe thruugh a ping of artifioial pumice in
the hollow plugs This water thus supplivd the mixture with oncugh rigidity‘
to stay in place i le it absorbed -ufficlent moisture from the surrounding
soil tc set hard,

It wos roquestod that tho United States amy Ocoupation
Forcos attenpt to cbtaia furthur dctails on thismuthced and this informa=
tion has just busi rcceiveds Dro Vormfcldoy the inwventor of tho abppels-
dorf Muthed of Wolu -Dmi::ag,ﬁ hes beon doad for the past throe yoorse.
Howavur, his furmsr éssistuut br. Doncker, prufassor cf agriculturo at

the University of Bonrn, Germany wus irtorviowod cn 26 Fobruary 1947. He

statud that rosults of fivld oxporimoats prowed that ia wut scil, the con-
orctu weuld not dry wod thus cawe ia uader surfuce loed. Fiold exporinmeonts
oonductud v u lator date proved thut tho systom cculd bu used in samd or
dry terreis for irrijation purguscs sud that the systum was thun ohanged
frem a drainage systom to a muthed of irrigations From all inferaation
gathurod frum Dre INnckur, the aboive systum is oot in the leust & praocti-
orl ner an officivit mecos of lamd drainago,

(L) .vclon drains with a square cross seotion nnde out of
lony battu.s iwmve alsc beon pulled iutec the exle holu bohisd the glow.
The certridfu wus s4-rv nwl taxered down to o horizental ki fu cdjo at

the forwed vad,  The bex d=mai fitied intc a hollew notol dex which was

drewn bufiae the cartrias..




(5) Mole drains havo also buen reinforeed by mild stocl
tubinge This mathod, purfected by Dr. Hans Sach, according to Dr., Doncker
! is by rar the mest practicul and officiont moans of lend drainageces Cold
mild stecl in the form of a flat strip 6~3/8 inches wids and 1/32 inch
thick was fud from a drum through rcllors and dies by which it wus formed
intc 2 tubes The tube was cval in socticn and the longitudinal odges
coule ho made to ovorlap sliphtly or loft with o small gap botwoen thome
The meval cculu nlse be perforcted if roquired. The foraming machine in which
i this cporaticen tecik place remained stationary at thevlowur ond cf thec druin,
The tubé wus drewn intc tho mole drain by the mcle plow, the cartridge of

which ned an expanding cone at tho roar end. This cowversd a special chuck

[ 8

by mecus of which the metal tube was attuched to the eartridge. Tho metal
tube cculd be Aetached from the chuck ot the znd of the run by tripping a
lover on the blade oF thoe meole plow above the greund. The metnl used was
particularly resistunt t¢ corrosion end was ecvered with a high grade of
Japarusse varnish. Tho oxpunding c.:c was four inchos in dismotcr and

the metal tube two inchss in diametor. This wus regarded as oqﬁivalcnt to
a2 larger tils irein by reason ol the smoothor surfaco of the metal tube

wnd oveidarce of any irrepularities.s The depth of the eartridzo eculd be

A8

ricd by hydraulic pressure, which was supplied either by hand pump when

the mele vlow was static:iaury cr by a pump driven by the fromt axle of the

mole plew whon it wos movinge The drain ceculd be laid uwi o Tized grade
irrosxctive of irresularitics of tho ground by muwans of an cptical
duvices Thu anulurs of the dovice (Rud, Sock, Leinzig, Gormany) claim that

1200 uve 1500 yurds of drain can be lain per day with a 50 - 60 He P

tructer aad o crew of five or six mone Tac costs are claimed to represent

o

& saving o1 40 *t¢ 20 zr cemt on draining by hund labor in Germany. Tho
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mole plow used in this method ocan also be used for laying cable inside the
metal tubing and for laying tiles fy the Soppelsdorf method.

4L photostat copy of a German book describing this method
has just been received., It will be translated and any information of in-
tereczt will be included in ths final report.

(6} 1In a Danish method, the blade of the mole plow was in
the form of a hollow tube elongated horiczontally Ain section. To the front
of this was welded a steel knife edge or aiternatively two knife edges.

The blade had no caftéi&ée aﬁ the bottom but a hole cut at an angle to the
vertical. The blade could be rotated in a wvertical plane by means of a
horizontal scrow adjustment, and in this way the depth of working was re-
gulated. The blade carried a hopper at the upper end and fine grawvel was
fed from this dowvm the blade, The blade thus made a €lit in the ground on
the botton of wrich several inchcs of the gravel woro doposited. This vas
covered by loosc soil which fell in on top of tho gravel. "“ith a single
knifv edge tne blade which was l% inches thick made a slit by comprossion;
with twoe knifu cdges a wider slit was mado by excavating the soil, which
slid up the inelined blade to thu surface. Tho drain was started at the
opposits and from the outlet and with the blade at the minimum desired
dcpth. as tho molc plow moved forward, tho dopth was incroased by means
of 2 scrow adjustme 5 until the blade was vertical when the outlet end of
the drain was roachede. This insured a fall in lewvel ground urd also an in-
creasing depth - srovol as the drain approached its outlut, Tho maximum
dcpth of gravel was cbout suven to ciﬁht inches. 4 later development was
the laying of a scrip oi' asphalt paper, which was fbd down bohind the blade
on top of the doposited grawv.l o prevent thu introduction of loosc soil

into the drain.

«l] -



0. Cable laying Plows, Another method which shows proemise of

development consists of strengthening the walls of a mole hole by feeding
a perforated flexible plastic tubing from a reel down the vertical blade
and out the rear of the plow while it is being drawn thrvugh the soil,
For this method, a machine similar to a cable laying device can be used,
Flates € to 8 illustrate a‘simple oable laying device that was developed
by the ‘wood Llectrical Construction Company, contractor fcr the Runway
Contact Lighting System, Standiford Field, Louisville, Ky., for the
Louisville District, Corps of Engineers, aar Department. The cable laying
plows used by the amsrican Telephone and Telegraph Company would accommodate
larger diameter tubing and be more suitable as the dopth at which the tubing
can be laid is greater ard can nlso ba varied,

The C-48 plow, sSlatc 9, is desirnod te lay ono or two cables
wi th meximum cutside diametors of 245 inches. The depth of placing can
bo set tu any desired dopth up to I foet before communcing to plowe 4
cut away view of thoe plew share showing the way the cablos zass through the
vértical blade is givon in rlate 10, A pit must be dug buforo the cable
Placing is started. Tho plew share is then lowprcd into tho pit tc tho
desired deptlr g shown in Slate 10. Usually a pit at loast 3 feet deop is
reauiscd. It is cstimated from othor data on molc drainapgo that tho
dragbar pull rfor a C-L3 pluw in the typé of soil being considercd weuld bo
apprigimautoly 15,000 1lbs. Ono heavy trector would thus be sufficicnt for
nornel plucin., of purforated plastic tubing.

fhe 7-60 plow, Flates 11 and 12, is-dosignatud to lay a
cabls te a muximum dopth cf 5 feete The plow is hydraulically controlled
and tae depths at whieh the coble is placed can bs chonged as desired while
moving, continucusly if neocussary, and thersfore, o stakcd'grado lino can

S be £rllewud even if the pround surfacc is wry uncven. These controls are
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located on o trailor behind tho plow so that operations aro possible ¢ven

if tho tractor is detached,

II LABORATORY INVESTIGATION

6. Description of Test Box and accessories.

ne Tost Box, a4 tust box with inrside dimersions of twelve feet
in length, five feet in width and four feet in depthh was constructed of
wood as shown on Plates 12 and 1, This test box was madc with two ro-
movablo channels attz;.ohod longitudinally on top cf tho box., The wvortical
snaft of tho test plow was supportod and guided by these channcls as the
plow was drawn through tho boxs It was possible tc instell the channcls
at cighcr oiw of threc positions over the top of the tost box. Sinecc the
plow can bo used «” two depths, a maximum of six tests can be made bcfore
thoe tost material nced bo removed and roplaced. Bolow cach of the thres
chennel positions an opening in the onds of the box was constructed which
could be sculud during saturation and just previous to the test run tho
doors on cigher und cf tho box werc romcwed to allow the plow to pass through
the soile In order to insposot test droins without the nucessity of removing
ths soil, tho box was built in two sections, ome ui which wat placcd on
skids, thus permitting sovcarating the box at the midpein' of the long wxis.
Feur scts of guides for two 5/16 inch platus were providced on the sides of
tho tost bex nuxt % this joint. The two platcs wero inscrted into the
guides, after constructing a drair, and jscked verticilly dewnward throvgh
the soil to o point just above tho drain to bc inspuctad. Those plateu
held tie scil in placc whilo the bex wes . .paratod for inspection of the
test druin. Tho plow wus drawn through the tost box with a portahlo

cloctrie wvinch by mcans of a blook and tackle,.
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b I_)‘Lng.m_&w'gg;:. A dynammotui‘ was constructvod from throc
00il springe and was placed i *'»a_'dmwing live to mpasurc the drawbar
pull required to pull “hu =low throuwih tho tost meterial, Flate 18
shovs deteils of fhe dynarsraiter and a vhotograph is shuwn on flate 19.
Roadings worc ma’) By recording %ie difference “stwecn two points on the
end plat;s. Thu» devi<sc was calibrated in a compression machine, It was
dotermined that a Cefleetion of 3/8 inch was produced by a load of 1,000
pcunds. This rerla"cionship romaines ~custant uy to a totul load of 9,000
pounds .

ce Test Piro, in ordor that the ~umping of injection matcrials
cculd be obserwed visually, an apparatus through which the plow could bo
drawn, was made to simulate tho walls of the drain, This apparatus con-
sist.d oy four inch stendard pipe with a two inch longitudinel strip re-
movod for its full lemgthes Yho pipe was attached to threc timbor supports
which wore boltud fe the floore Dotails aro shown on [latc 20 Ths plov
was placed in a tomporary wood frame with casters attached for mebility.
The plow was cdjusted in the frone by moans of wodges to fit into the four
inch slotted pipc and it was pushcd through the pipc as injection materials
werce pumped out the roar of tho plows Dotails and a photograph of the plow

froame arc shown on Plates 19 and 20,

7« Duscription of Tost Plows Dotail drawings of thu tcst plow are

shown on Plato 2le The verticel shaft of tho plow is a "built un" section
consisting of thrce vortical one inch by two inch stecl bars with 1/4 inch
platos weldod to tho sidese The stool bars arc spaced so us to give two
vortieal roetangular churnnels from top to bottom, tho dimensions being 1
ireh wide by@ inchus long and 1 inch wido by 1 1/8 inchcs longe The top

of thu shaft was fitted with oiw inch nipplus cwr vach chunnel opening.
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The front 1 irch by 1 1/8 inch vertical chanrol was provided for futuro
dovclopmont of <hc plew for a possiblo worm food mochanish or wator supply
lince Tho roar ono inoh by two inch chauviel was utilizod to foed injoction
materials down to the molc in ordor tc place a strengthuning linor on the
walls of the drains madé by the mole, The mnie was maie by a section of
standard 3 1/2 inch pipe wolded horizontully at the lowsr ond of the vertie
cel shaft. Tho front of the mole was cut on a bovel and a steel plate
welded to it tv form a cutting surfoces & bevel fronmt of this type is
commonly used on agricultural mole plows to produce a downward component,
thus proventing the plow from riding up ouwt of the scil. Openings in the
top of the pipc wore provided to coineide with the vertical ehannels through
the shafte Braced and welded to the top rear emd of the 3 1/2 inch molo
was - scgment of a L inch pipe two inchos wide end 28 inches leng designed
to provide « tomporary form for injuction materials at the top of the drain
whore the soil had beon displaced by the vertical plow shaft. The plow wag
fittod with a removuble frome whiech could be placed at two locations on

the wortical shaft tc allow constructing drains with invert dopths of
Sither two foet or threo fecte This framo was mado basicully of 2 inch
by 2 inch angles which provided running surfaces for the plow on the
chunrols of the tust box as the plow was drawn through th boxe

8e Deuscription of Test Flow Toil Assemblics,

2o snsphalt Tail Assomblys The plow was constructed origine

ally with a tail assombly intondud for usc with asphalt., It was latcr used
tor portlund cuacnt mixturvs as well us asphalt. Construction dotails of
the tail attached to the mels plow nro shown on Flate 21 and photographs
ar¢ shown on Plats 23. This tail was construotcd of a piocou of 3 1/2

inch stundard pipu . to fit the rcar of the plow, Y%Within this pipe a
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machined insert . s made with an opon channel which connocted to the one

inch by two inch vertical opening in the plow shaft. The injection materie
al which was pumpod through the plow shaft passed through this channel and
was torced into an annular space arcund a bullet shapcd tail supported by
threo 1/8 inch fins in the rear cf the pipe scoticne & four foot length of
three inch Shelby tubing was welded to the rear of this muchined bullet
section for the purpose of providing initial support to the inside of the
drain pipe.

be Alternate Tail Assembly No. le This tail wns designed to

function un the same theory as that used in the patented "Tate" process
which is usod to place a concrete liner inside of existing mctal pipe
liness In this process two five foct langths of pipe are removed from the
pipe lire ot distances averaging 350 feet aparts A cable is threaded
through the sceticn of pipe selucted and cloancrs, brushes, and plungers
are drown thrcush the pipe by means of power winchcse & mizture of two
parts of spceiclly selected und graded sand and one part of pertland
cemont is mized willi watcr te give a slump of cight te 8 3/1; inches,

& quantity of thic mixturce is fud by gravity inte the pipe linc and tho
"fatc" lining smehin, consistimg cf a bullut shapud mandrel with a pere
foreted sheet metal tail flared out to o diamoter slightly smallor than
the insiae of the pipo, is pul’.d through bohind the plyy of cemont, The
cciunt is foreud cut the annular spaco botween the teil ¢f the machine ad
the pipe wnd plustered to the wall of the pipe with a prucsurv equal to
eppreximacely 120 1lbs per square ineh, Excuss water is squeczed cut of
the amixture through the small perferaticonsin the tail ard flows aleng the
pipe dirvert, Lhe problum of lining mole drains is quitu siiilar to lining

amvtul pipe and thercfors the tail asscmbly was constructed sirmilar te tho
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"rate" lining machine. This tail, shcwn on Plates 21 and 2L, was attachod
approximately four inches behi+zd the opening of tho vertical ono inch by
two inch channecl,

ce Altornate Tail Assembly Noe. 2o It was boliowod that thuro

would be a problom of relieving tho excoss air which wculd sccompany tho
cxtrusivn of portland coment mixturcs which were pumpod by sir prossure,
espuocially when a cement gun was uscde Thereforo, the Tuil Alternate Ne, 1
was modificd by removing the bullet nose and rcplaging it with a section
of a woll point with a fino mosh sereon which would allow the cir trappoed
in tho aggrepgate to escape thrcugh the woll poin. and out cither thr.ough
tho completed pipo or up to the surfaco through the frout 1 inch Ly 1 1/8
ineh vertiecal channcl., Dotails and photographs are shown on Plates 21 and

2

de Altcrmate Tail Assombly No. 3. This asscmbly is a further

modificaticn ¢f Altornate Noe 1 (Soc Plates 22 and 25). & 1/2 inch round
rod attuchcd te the front oxd of the tail was providud tc allow the tail
to fellow the plow at a greater distance than the original dosign. Two
taporod cylindrical slecewus were attachud tc conter the teil within the
drain. The¢ cennection to the back of the plow was made somi-rigid to
prevent rotatior of the tail in order that the skid wculd out a lunge
jtudinal slot in the bettom of the drain to allew catracu ¢f water inte
tho draia.

Ce  aslturnatc Toil Assumbly Ne, Lo The -rigincl as-halt Tail was

nedificd by ronoviy a part of the Sneldby tube, adeing a tuporud svetion
and u 3 1/: inoh crlinder suctione Arcurd tho Shelby tubc wore welded twe
3/L inch hig. holiccl strips with an outside diametor 1/2 inch groater than

tho diarmoter of the drain made by tho plew. Thos. sirips wors designed to
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rem the side wulls dovm inuo the path of the liguid

nopanlt S, it-war belivwed, the seil weuld mix sufficicutly with the
wopnalt biilre being procced back apainst the walls of the drain.

Duiails
Sadopnedopriolis are chawn on Plates 22 and 25.
Do Deseription of Pumps and Equipnent.
te  aspunlt Fumpe an nsphalt pump shown on E—’l«;t';s 20 avd 27
Dagoeonliusucued 'rosnon

plues of 12 Jjach diumeter pips held in o vertical
e SALL ne we plane was wolded te the buttom with a plugrod twe inch nipple
S
in ite conters  Twco

. inch alpples wers wolded herizootnlly cn the sido
Ithe pige atcut orne izch up {r2

m the bottems One nipplc wis used for
ctheroretor wWoll cug the othor wes the asphalt dischurge lino,

L Ui, et oo

't ﬂangc
- of the 12 inch pipe ou ic

which

ieoever was bolted,
feocomer Beeloonoalr inlet and a 2 ineh asphalt inlet. Twoe coppor stoan
¢ Law sure btrooobliso in the pwap, o within the 2tner., The pump was
watho stol il i DrUSSure SagiSe
Le aSpnuit P.ot Molde I ordur to cobsurve the uction of
cocl e ganpo s with the asphnlb pump, o test dld was made with tne
o. .0 s r oso.eti oo i four ineh pipe ard 13/ ineh pize. The smaller
Cipeowowordd Jitnin the Lurgoer pipe by menus of ol roducine ccupling at
ve Do inly oo wns owvlacd wocno inch nipple ewte waich the punp
Lol ey v ;-(‘.I. A pootegraph of apparatus disuunsled wfter o
A D T ST S rit. 2l
Ce Lr

Lroubt Fumpe thu greut pump whosc det-dle wal nctogrrophs
S.ome o Fiatos 26 urdd 25 ccoasisted of a reinforced verticul eylinder
surnted pressursetight cover und a cc

YA S'.x'.'.:)\,(! beottome  air
pPressure oo ld oo

“aittud through the side at the wep gl up threugh the
dischur.;; »ite ot the bottom. Discharge was controlled by o quick acting
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valve at the base of the machino and air valves at tho top and bottom air
inlets,

de Diaphragm Pumpe The diaphragm pump used was o small hand

oporated machine munufactured by tho Edson Companys  Inlot and outlet
pipus are tvo inchaes, but the cutlet was roduwsed to cne inch to fit theo
nipplc on tep of the plow. ~fhotograghs of the pump asscmblcd and dise

uwssombled arce shown on plate 30,

ce Curent Gun, The coument g\un usod wes a Model Hels Tho
rmaching is made oxclusivoly by the Cemont Gun Coe of 4llontown, rFennne
The memturials, auvrmally mixed dry are introduced intec tho upper chamber
which acts as an zir locke From the uppcr chamber materials flow into the
lower charbor which is continuously undor prossurc. An ai r motor rotates
the fcod wheel wiiieh ‘earrias the material tc the outlet, wherc compressed
air flewiin through the goosc aeelz carrios it out thc, 2achinoe through tho
hose, 1In chie nueraal usc cf tho comont gun the water is added at the nozzle
resulting in hydraticn couincident with deposite In this process thc water
centent 15 centrelled visually by the nczzle operaj:.qr. flatc 31 shows a
photugraph and dié.g;dx;mtic drawing of the coment gun,

&

10, Tost Materialse

2s 4asphalte Two types of asphalt werc uscd, one an asphalt

vith o 120-150 ponotration and the other a blown asphalt with o

coment VAN
20-30 puncirotions

be Conecrote Sende Sand uscd in pertland cemuist and asphalt

mixes was a standard cummurcial plaster sand. A gradation curve is shovmn

o .
e Flote 92

8

Ce Pca Stonoe The maturial used with portland ecmont in an

attempt to preducce a porsus wall mole drain was a poa stomo, wA gradation

-19 -



curve 6f this material is shown on flate 32,

de Sortland Cumente. Tho cement usod in the pertland ecmont

mixturcs was u stundard high early strongth portland coment,

©e Alr ond Stoam. Compresscd air with pressurc up to 100
lbs per squarc inch, and stoam with gan averngs prossure of 80 1lbs por
£
square inch woerc available in distribution linos close to tho tost areea,

fe Tecst Box Materiale Tho material used in the test box was

a fine silt obtained non .anchcster, New Hompshire. Tho gradation curve

~

is shewn on Plate 32, Tho following characturistics werc dotermined in
; the laberatery:

| Mclificd ABSHO densitye =10742 pecefe

Opt. wea moisturc contont-.17.7 puer cent

5z0cific graﬁity- - - = 2,69

540 par cout

#é Plusticity indox-

29,1 por comt

Liquid linite « = = « =

Flustic lindt = = = = = = 24,1 per cent

MIn placo" l:onsitye = = = G7.8 pecefe
"In place™ watur contont- 22,3 per cent
¥ at "in slace” density - OJi5 x 107k en/sce

11, Tusts Using Asphalte

ue  Prolimimry Tescse Procoduro, The 20 - 30 penctration

asphzlt cemsnt was huavted ard thon peured into the amwular space formod

by placi:y « tnrue inch paper cylindcer within a four ainch metal cylindcr,

After erclivy, the inside form was romoved nnd tho sauplo cylinder of
asyghalt was leit lylnp .n ite sido,

Rueolts, VWithin 2l hours after stripping inside form the

sample and siipped cul of its original shapo within thc mebal cylimdor,
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bs Tosts N, 1 and R4 Proocedurce The 120 - 150 penotration

asphalt was hcated with a stoam coil and introduced into tho asphalt hoater
which brought its temperature tc approximately 200°F,

[esultse Dotnils of tosts arv recorded on Tables 1 and 2,
at 200°F tho usp‘nﬁlt was liquid oncugh t¢ pump but it cooled quicl;ly whilo
passing through tho discharge hoso and the lime becamo cleggnd. In Tost
lice 2 this condition was romedicd by passing steam through tho discharge

lincd pricr to pumping the asphalt,

Ce Tost Yo, 3. Prcceduru, Blown asphalt was pumpod into the

tost mold os shown on flate 28, Tho:tost ';nold was placod urder wator to

preducs the coucling cffect which the wot soil would give in actual practice.
Rosults, The asphalt partially coatod the inside pipe as

it flowcd to the open ord of tho mold, The thickness of the asphalt varied

frer: 1/3 ineh o 1,/24‘11;1;311. ivﬁcn the outer pipe was romoved and the samplo

was loft stardirg vertieally at room tompercturc the asphalt ran to the

botteom of tic ocld,

de Tost fice ljo FProcodurve The action of the blown asshalt

was observed as it was pumpod through the plow with the Asphalt Tail 4As-
scrbly insuvalleds The bess of the plow was submurgoed in wator,
+ Rosults, Thu asphalt started to flow after huving seme

ifficulty in pussing through the loug dischargoe line. The asphalt was
axtruded out the rear of the tail assenbly vory rapidly and was accompanied
by burstis «f awir., The asphalt was not cooled inmaediafoly by the water and
¢c.nseqguontdy it rosoc ve the surficu of the water and nc pipoe was formed.
Aithin the tail assembly the znephwlt ccolsd exespt in marrow channols vhere
i% e ntliusd te flews” This ¢ ling prevented the forming of a complete
drain lindas Sy the usphalt, : . ‘ ..oh

| 9e  Sund=asphalt Testse. 2Procedures Due to the lack of strongth
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cf asphalt it was ..cided te mix differont percentages of the blcwn asphalt
with the sand. 4 weight cf aspnalt oqual to iS, 20, 25, and 30 por cont
¢f the woight ¢ £ sand wero mixed with sard and four test cylinders wore
made in rermwvable ferms., ALfter cocling to rouom temperaturce the forms wero
strippe’ a:md Lho samples wore laid horizontally on o board for obsorvation.
The rcom temperaturo fluctunted from 65° F to 70° F during pericd of test,

Rosults. Photegraphs are shown on Plate 33. Nore of the
samples were cnpable of standing without Suppért of sidcs or tope This
test is possibly too eriticzl as tic pipe in place would receiversupport
at the sides 2ue to passive s},oil prossurce

o Tost No. 5. 2Proccdurce & mixture consisting of sarnd and

blown aspznalt cqual to 4O por cunt of the woight of the sond wns hoated in
a ro: furs as hult heator and intreduoud inte the ssihult ;wipe Throe blow
toerehcs and a _anbors ft;zrnaco vwicro uscd in additien te¢ the tv. ocpper
ccils with stews t o proxinmately 60 1lbs per sq. inch ir an attompt to
heat the sund-as_ hnlt nmix to n wnifira tomuerature which would onable

it to bz sumpcd through the discharge line.

Rosults, «non punping was started a small quantity of s‘and
as;halt in a semi-liouwid fom was dischargcd after which the air prossuro
firced out scpnratc particlos of sand ccated with asphalt at a very slow
rats. Tho gquantity dischargs during this tust was approximetoly 10 per cont
«F i twetal quantity heated in the pump.

e Tost Hos 42, Procedurce. Blown asphnlt was pumpcd through

the plor s it was drowi through the tost box with the tail asscembly,
alternate e b, instolled,

Rssults. wunly a small quantity of the asphalt heated was

prapld Lolora dischurge was stoppod due te cold asphalt in the lirnc.
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Portions of the drain wall were lined with upproxi’):',{cr,sly 1/16 inch as-
phalt, Cawities and cracks made by the plow shaft w;re filled with

asphalt, The channels between the helical strips of the tail were filled
with layers of asphalt amd silt which prevented the flow of asphalt. The
£ilt was in lumps and lenses throughout the asphalt. Fhotographs of asphalt
drain, Test Woe. 42 are shown on Pletes 3L ard 35,

12, Tests Using Portland Coment Mixture.

ae Gemerale Prelimirary tosts were made to determine satise
factory mixes of coment and sand; cement, sand, and sodium bicarbonate;
and cogment «nd ea stune beforc pumping toste were initiated. From these

f

tests it was decided to use d cementesard ratio of 1:2,.

be Grcut ) Pum Evo

(1) Tosts Ho. 6, 7 and B were conductod with tho grout

gump abouve tc sludy tho vpcration of the pumpe
fosultse Dotails of all tests performced arc recorded

on Tables 1 and 2.

(2) Test lic. 9. Proccduro, The plow was sot up in tho

temporary frame ard the tail assembly Alternate No. 1 instolled., Test
No. 9 was nadc to cbscrve the mix as it was discharged from the plow,

Resultse This mix was vory liguid and would not stand
up as o drain lining. In order to produce a mix which would pass through
the dischurge lince crd plew as a somi-liquid and would harden immediatoly
upon being dopesitsd and form a pipe in tho drain, sodium bicarbonate, in
% water sclution, was introduced into the wet mix just prior to pumping.

(3) Tocsts No. 10 to 15 inclusive. Procodurce Tho plow was

plucod i.a the test pipo ard Tests No. 10 tc 15 inelusive were conducted

it thu tail sitornato Hoe le
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Results, Tail sltornato No. 1 was fourd not suitablo
for the precodur: used. The grout pump forced the mixturc out the back of
the pipu with sush foree thet it was carried back beyond ‘hc tuil assembly
before suffioleat quantity was dupositod in fromt of the tuil assombly.
L.5s air prescurs in the pump resulted in the linos becoming clogzgod.

(L) Tasts No. 16 to 23 inciusivo and 25, Proceduro. Tosts

Hoe 1€ to 23 inclusive and zslworo moado using the aaphalt tail assembly set
in the test pipe (Sue Flate 36)e Ockum was forced into tho annular space
between tho tail piece and the four inch tost pipe tc provide a back'stdp
fer the ageroieato at tho start of the t sts. As the test pipo bocamo
filled, Cao plow was drawm through the pime, After Tost lfo. 19 tho coment
sand ratis was changud to l:/l 1/3.

Rosults, Frum an inspoction of tho rumarks column on
Tables 1 and 2, it eon be svon that tho control of the mix wus oxtromely
difficult. a @ix which gavo satisfactery rosulté‘in tho test pipd would
nct be completely umped through the grout pump before hardening had takon
Placc duo te Lhe sodium bicarbonatc,

() Tost Koo 26e Procodures & largs batch of the same

nixturc as ussd in Test He, 25 wus pumpod into a waste barrel to learn
ccntrel and coscrve distharge of a largo batch,
Rosultse Satisfactory rusults woro cbtained with this

K!'Aix.

(6) 7Tust .ice 274 Proceduro, & similar bateh to that used

in Tust Goe 26 was propurcd nnd pumped through the plow as the plow was
drusr thmugh the tost boxe After 8°48 howr curing pericd the inspection
slates wore installod-ard the box oponed for inspoecticone

Rusults, No difficulty was exporionced in pumping due

rtc “he fact that the dischorge valve was complotoly upened, howover dischargo
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Was sc rapid that a large noreontage of the batch ran out tho ond of the
drain. Upcu iaspuetion it wus found that tho sido walls woro toc thin.
4 thick sovoticn wue formed on tho bottom as shown in tho photogruphs on
Flatos 37 und 35. Practically nc material was foreed intc tho top of tho
holo L e

A drcw bar pull of approximately 7,000 lbs, was re-
quired to pull the plow thrcugh tho box of silt at its lowust depth. 4p-
proximatcely 9,000 1bs were roquirod to open nnd close the box for inspuetion
of the drain,

(7) Test Mo, 266 Frocodure, an attempt wus made to

corrvct tho alignaent of the asphnlt tall to produco a complote drain soce
tion. A 1/2 inch by 2 inch strip of wood wans atteched longitudinally to
the bottom of tho plow tail to eliminate tho thiok scction in tho bottom
of thc drain 2nd to provide an entranco for the watcr intec tho drain,

4 mix similar tc that used in Tost No, 26 was pumped
as the plew 'was droaw.. throuch tho tost boxe Tho wineh lino fouled es
tho Dlow roiched the mid-peint of the box and pumping was stoppoeds Aftor
approxinatcly fivo minutes the plow was pulled tho romaindor c;f tho re-
meirder of the distaucc through the test boxe

Rcsultse No conclusicns may be drawn from this tost

as the plov: was staticnary at tho cumter of thu box which provided an ine-

side suppert fur wyoroximately five minutes during which +time the mixture

harduneds rhotographs of.the test are shown on flate 39,

(8) Tost Nee 29s Frocoduro, 4 third attompt to pump a

mix sinilar to thut used in Tust Hoe 26 was made as tho plow was pulled
throuizh the bex.
Resultse Jaftor tho trail it was found that a small

chip of conerute hae blecked pussage cf the batch at tho top of the plow and
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no mixturo was pumpud. Tosts with the grout pump worc discontinuod duo

to difficulty of controle
Ce comert Gune

(V) Test Yo, 30 to 33 Inclusivo, Procedura, In Tost Hoe

30 o comont-sard mixturc of the proportion 1l:l 1/3 was pumpsd through tho
coment gun to study oporation of the zun and nozzle. The mixture was dry
and water was addced at the nozzle with the watur controllcd wisually., A
similar mix in Test Noe 31 was pumped threugh the coment gun using a one
ineh pipo 8ix foet long as a discharge nozzle. The mix was discharged into
the tost pix to check cuantity, rate cof discharge and choracteristics
of the mixs In Tost Noe 32 a 1:2 mix with sodium bicarbinate added as a powe
der Vo tho dry aggregate was pumped thriugh the one inch discharge pipe with
wator controlled at the uczzlos Tost Noe 33 was conducted with o 1:1 1/?
mix with scdium bicarbonate added dry. The mix was pumpud through the
plow which was fittod with tail assombly Altcrnate Nee 2o

Rosults: Tosts No. 30 tc 33 inclusiwve wore conductoed
to doturmine a suitable mix for uczzle coutrel to be uscd with tail pltere
nete No. 2 with no succusses It was deeided that the woll point scetion cf

the tril was unncecssary cnd that the rear scetion of the tall assembly ’

wus too elose to the dlscierge peint of the plow, Tcets using ecment-sand
mixturcss with nozzle control of weter were discoutinucd.

(2) Tosts Hee 3L, 35, 36 and 39 Proccdurue Threo tusts

were porfurmed to deturmine the prepor water comtent to bo used in a 13l 1/3
comeril=suid mixturcs Ia Test doe 35 the toail assembly sltornate No. 1
was asttachod amd the tust pipu uscd.

Rosults, & satisfastory mix ¢f cumenv, sand and water

was d.otermined ir Tust oo 39 1t was decided from lhose tests to design
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and construct the tcil .assembly Altornaic Ho, 3 for furchor tosts in the
tost bux.:

(3) Test Yo, LO.  Procodure., 4 similar mix tc that used

in Test Ne. 39 wos pumped through the plow as it was drawn thrcurh the
tost buxe Teil assembly Alternate No. 3 was used with the pl-w.

Rosults. No difficulty was @pvoountered in the operation
of tnis tost. For a distawcc of approximately 2 1/2 feet at the ond of
tho trial run a complete lining was made. The romainder of the drain col-
lapsed whon wator was allcwoed to pass dewn to the drain through tho cut
made by tho plow shaft. This failurs was due to the fact that tho iining
on the sides and top of the drein was vory thin, Wall th:ickness varied
from 1 ineh down tu 1/1,6 inch and in some spots nc lining was formsd.

It is bolicved that a longer tuil piccc with less side slopo and a smaller
diometer at the ru.~ erd would have been mecro effec'bive; The contering
eylindrical sleuves of the teil device caused a sbtone te be drawn into the
drain from tne sido walls 2:4 resulted in a hole in the lining wherc it
had buen moved as the tail pivee pessed by. rhotcgraphs «f the drain in
place and after removal are shown cn Plates 34, 35 and LO.

(4) Tost ¥o. 37. FProcedure, a4 1:3 1/3 dry mixture of

cemert and pea stone was punped with the water added at the nogzlo.

Rosultss  Thu mix suszrepeted with the first of the batch

discharged as o donse mix with an excess of coment and the last part was
clean, wet on storp with ne cument,

(5) Test No. 38s £Frocoduros & wet mix of 125 of cement

ard pos ston was made and pumped iutc the test pipe for obsorvation prior
Te o test with the vlow,
Rosults: This mix was pumped with no dirficutly with

o well mixud g2oreus mixiure a8 a result.




(6) Tost Nee Ll. Proceduree 1he same proportions of pea

stone and comunt as uscd in Teust Noe 38 was pumped through the plow as it
wes drawn thr urn the test buxe The tail assembly Alterinate Nce 3 was used,

Rosultss This test was not successful. The eentering

sylinders cof the tail assembly cut materinl from the side walls of tho
drain and mixod it with the cement and poa stene. As the tail was drawn
through this mixture ¢f silt, ccmont, and pea stome, it forced the mixture
tu tic bottem of the drain rathor than to distribute it c¢vonly arcund the
sides of the drain. The mix left in the bottom of the drain had practically
no bond duo to the additicn of the silte A photegraph cf the drain in place
in the toest box partially excavated is shown on Flate 35,

de Ddson Diaphragm Sumpe

(1) Test Noe 24e FProcedurce 4 1:) mix of coment and aand

wes made and ci attompht was made to pump it through the Edscn disphragm
hend pumpe The miz was made cxtra wet to faeilitate pumpinge

Rusults: The wator, comert, and sand scgregated in tho
punpe The water und cument passcd through the discharge line and the sand
filled the pump bedh bolow and abeve the diaphragme Punping of a griut crne

toinin, as much os 50 per cent sand was feund toe be impessiblo.

ITT INVESTIGLTION OF QTH4R METHODS

13. Flastic Tubirng

e Gunerale, On¢ propused method for strengtioaing the walls of
the mele drain is the usc of a perfirated flexible plastic tubing. Lettors
were sunt o manufucturors of plastics and oxtruders of plastic tubing re-
questing ioformaticn on oauy suitable poruus or non-porcous plastic tubing

abuut throu inchus cutside diametur with sufficiunt fluxibility to pass
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arcund a 90° bond with a radius of approximately twe feot without kinking
or breaking. Further study indicatod that two inch diametcr tube would
have sufficicnt oejmcity tou provido adequato subsurfaco drainage in tho
type svils boing evusiderods Two products, "Tulox" manufuctured by Ex-
truded Plastios Iaccrporated, Norwalk, Conne, and Jolyethylene by the Carter
Products Corporatiun, Clevoland, Ohic, appeared promisiag in regard to ccst,
The' Tulcx tubing was approximately $0.40 per foot including the drilling
and perforated Folythy.one tubing was approximately 030 per foot. The
Tulox tubing, however, docs not have the requirsd flexibility to be placed
by a cablc layin; machime, but being wvery light weight, and supplied in

20 fcet luigths wi ch are cas®ly ccupled, it can be ccencmically ploced

by the cc.wentional cpon troneh mothede

be  Frepertics cf sclycthylenc. #sloyethyleno tubing is suffi-

ciently flexible to bo ecilud cn recls having a dimmeter . f L fceot, as
shwn on Dlate 4l, od can thus be oluced by a cable laying machine. As it
is a relatively now product, [its cxpoctod 1life ean not be dotcrmincd from
actunl expericuce, hwever, as shown in the table of proportics supilied
oy the manufucturor, its wosist roo to reids ood alkalies indicates that
the matorial shuuld heve 2 uxeopticsally long lifu when us.d as a drain
sipee Vropertivs of sSclysthylsne arv savvm on Tablos 3 .nd L.

Te supplement the tuble of sreportics, twe tosts were por-
formoed in tn. Iaboeratory or swiples of Polyethylene tubi:g, Ono test
was condusted to dotermine the bratticness of the tubing 1t wory lew
temosraturvse, Onu ineh lengths of the tubi.g wore ecclud te «10°C, On
o lonpth o 10 0 uand.woipht wus dropped fromoa distenee of 18 inches,
A o nuetaur length o 30 pound weiht wos drpped frem h% feste In both

orsus the tabe shewod we o puront damge, The cther tust was ccnducted to
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doturmie thu defurmation and rebewd of the tubing undor altormate loading
and rolensing oi thf_}“ud9 flate 42 shows tho tost apparatus. a4 load wos
2.0bied wid allowed te remain until thore was ne change on the duflecticn
diuls The dufurmetiun was recorded and thon the load wus roleasod and the
reovund was resorded. In thu same manner, inereased lewds were opplicd and
relonsed with the deformotion and rebound being rocurded for each louding.
Curves ot lozd wversus defloction for twe samples are giwven on rlato L3,

Ir. addition to the above tests, an accolerated leaching test
is beis: occadqueted at the prosent time. Tho opparatus was made as shown on
Flate 4ije Ounv fenr ineh sample of folyethyleno tubing was placed in each
secticn and fuur sazples of cerrugated metal; cone oach of plein galvanized,
5lain alvanized a: halt coated, singls bonded asphult ccated, and double
bended asphalt cooted; vere plneoud in esach large scetions Threo leuching
sulutions, hydrce:alerie acid, sulphuric ceid, and scdiwn hydroxido are
being usede A 5 por cunt solubicn of onch is used in the threo small
ssetivas and o 15 por cuit selution of each in tho three large suetions,
The sand is kept cuvorcd by adding loaching sclution as roquirede The
samples will be renovved at monthly intervals und oxamined for any visible
signs «f failuru as woll as loss of weights Tho rosults of this test will
bu ineluded in the ruport Mcle Drainage Investipgation, 1947-19L8,"

Ce. Dusign-Datae. Threc possible conditi;hs ﬁure studicd by
flew nets to dutcrmin; the m;ximum theoretical inflow intc the droin, It
was firet ssuwsed thut the drains were 33 foet deop, spuced at 15 fuut
C.Ce us Tho width of treneh was 3} inchus, It was alsc assumed thet,
sines the trunch w8 very rarrcew ia relatien te thou drain spacing and since
the rutic of the erofficiomts of [sermeability of the suand backfill to the

1
sub; riodu C—ﬁ%—) would usually be large fer the subgrado scils in wiich this
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this drcin is te Leplaced, ne approeiadbly crrer v:\;\'zicl rcsult by cemputing
the inflows frcem the subgrade wad the send backfill as scparate gquantitics
and using their sum os the total iuflowe The cenditions cecasidercd wero:

(1} Grecund water with « hydrcstatic head at onc foct below
the round surfuce and no iafiltration from the surfacc.

(2) Infiltration from a shoct of wator mointained on the
surfoce by rainfall and no ground wator table,

(3) Ground water with a hydrostatic head et the ground
surfree and iufiltration from asheet of water maintained cia the surface by
rainfall, _

Frcm o study of the flow nots, it was determined that condie-

2%

tion (3) will ;ive th. maxinmum thooretical inflew inte the drain. The flow

r-

for this ecuditicn is shown cn Plate U5 as well as curves of the coe

o
o]
ot

‘officicnts of sermenbility ( ky g ke) vorsus ﬁhe theorvtical inflows per
lincar foot (ql ard q2). The inflow from the subgrade, qy, is computcd
from the flow net fomula, q) = kjh %‘z{ where "h" is assumcd 3% foct and
the ratio of number of flew zaths (np) to the number of equipotential
dreps (my) frem uhe flow net is two. The inflow from the sand backfill is
eomovted from Darey's furmuln, gp = kpia where "i' is unity for vertical
flow ure "a" is the cross sceticnal area cof the tronch normal to the die
reetiovn of flow,

The curve of maximum leangth versus totel thuorctical inflow

oer lineer £0ct shovm on Flate LS was computed from the formula L = ?%l—
v 72

viere "Q" is bhe copacity of toe pipe flewing full and was dorived from
IEewdng s formula for twe inch 1,De tubing on slepes of 04005, 0,010, and
0015 usin o valw, of n w 0,012,

Te cetermizg if tw inch I. D. tubing would have sufficicnt
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capacity te provide adequatc subsurfaco drainage in the type soils boeing
ccnsidercd, tho eccfficient of permeability of the subgrade (ky) was as=
sumcé to be 0.1 x lO'}"’ om./scc. ard that of the sand backfill {kp) to be
100 x 10",4 cm./sec. From flate 45, the length of drain at which capacity
flow would occur, was found to bo 260 feot on a 0.5 per cent slope or 360
foet cn a 1.0 per cent slope. Sinco the assumptions of permoability and
inflcw ero for the most scvere conditions under which this type of drain
would be utilizezd, a much longzer length of <2rain cculd normally be used
waich would pessibly result in a slipght amount of surface ponding.

de Placinge It is propos.d tc place perforated Solysthylene
tubin: by feuding it from a recl down the vertical blade znd out thu rear
of a eanble laying machine as deseribed in Scctioﬁ Lee In this manner the
treneir will be dup ame the tubing laid in one continuous cperation. 4
truck cquipped with 2 heppur will follew the ceble luyig machine and
backfill thv trench with s;u‘:l. In turf arcas or swales wncre encreachment
«f the turf may scal the tep of the drain, it mey bo dosirable to widen the
tep of the drain trencn «nd place a laysr of bitumincus primed crushed
stune as in Tydu i Slate l;élk. Tyocs B and C, £late L6, arc propescd for
use in drainins subgradus under stobilized turf surfircos or paved runwoys.

Tentative arrangemonts have been made te svcure the use of

s CL3 slow ({Sce Sueticn lLie) for a shert period in cither the fall of 1947
or s.rin: of 10L3 sc thut test drains may be installod, Throe 8ites will
bo selected prefurcbly i airficld shouldors whero sogoy or wet surfnco
conditions exist v the vffeetivervss of this typo ¢f druinage can be obe
survele, Obscervetica weils will alsc be put in so that the effeet of the
drains o the sround water toble may be roccrdeds Results of thesc tests

will be ineluded i whe rogurt "ol Draiange Investigaticn, 1947-194L8",
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Ce £oss5ible Uscs,

(1) To druin turf aroas at existing airficlds wherc sur-

acncéing occurs,

&

facc

(2) 1

-

1 place cf ficld drains in turfed arcas botwoon rune

*

WaYSe
(3) Tc pruvent surface pending in shallow turf swales
puarallel to runwoys,

(L) To provide subgradc end basc drainagc of large apron

s

UrcuSe

(5} To drain and stabilize subgrades both as an aid to

¢ nstruectici and as permancat drainagu.

(6; To drain the rumiys of an all turf ficld.

f. neccunumic Considuraticise wltheough the investigztion cf tho
usc - »lastic tuding: fer-draimpze doviates from the or:i;;izlél.l scépe of this
regirt, 1t ic su elescly related that it was considurcd advisable tc include
it in the ropom v crovide o promising alternative te mele drainage. It
is ceerivmieally funsible s shouwm in the follewing table of cstimetod
custs £ v-ricus tyxe druins waof of a drain made by layin: xrforated
flexible tubinm, by mezns - f o cudle layi:y nachino. The cust cf the
-lustic Jruin is basvd ¢ presort ceests of lubor ard rontui of censtruction
ejuipgerts rrec tic following toble it onan be scen thas the cost of
glestie dr.ing is loss tazn 50 per cuit of the cost of <y of the other

ty o driiise ) a*



CUiSuRATIVS COST B31LALTS

Typs of Cost per fout of drain in dollars
drain Thtcrial Flacing Trunchirg &  Filter ©wal
Book{ill Material
’.}. rarm tile o1l ow .60 «20 1.00

L" 5¢1) and Spigot
V.Ce pige, opon
joints. 22 012 .60 20 1.1

L® Forfcratcd V.C.
pipe, closed

jaintso .32 .m .60 20 1.26
l}- Sl‘:il} Srmain 028 .12 .60 .20 1020
4% Flain coisrete

T3, Isen Joizxs 038 12 060 «20 1.30

6. w=rlfe S Te Ltel

Flime 58 <07 60 «20 1.L5

E® Omar.-churg pigce

.,-..:i"&r:;tc'il . . .30 .O? 060- . ) .20 1.17

2- slastie tubi.‘;_' .‘/\; QG)- oc7 0.’-&2

;. Fusicz. Iaquiry was slsc mads as to tho possibility of strongthen-
ing the ww=lls ofF v de erdzs by fusing the scil with = high temperature
flamte =a lottor z=as so:t te toe Lisde air Srocucts Cemgany, dovelopers of
Pusic.. sicrein:, regusstins their comments < this subjoct and thuy ru-
Jlivd, M thia we ouvs iothing to vifur us your lettur stated that the
rroust w.uld Ls ususully saturated with watere Furtner tuchnieal obstacles

would b truieniouz, wdth the hele well woak ratacr than stron. if o thin

».ssibl. znd pructical®,

Aee 2

3= is BLYie i wnet thoe Loat weuld euusu slakin: of the walls
s sl ie shrisioicu of the scil urd to exjansica cuusce: by formaticn of

e - ~ < - %

stuie Sonind tie fusec inrar surfacu «f tiw ™cle hele.

-7l -



I. SIMIARY OF KSSULTS OF INVESTICATIONS

15, Tests using Asphalt Mixtures,

ae a sard nsphalt that has the necessary fluidity tc pump
whan heated regquires n quantity of aspjhalt which overfills the wveids of
the s=ad and results in sogregation of the sand and ssphelt when the mix-
turv is heated and remains steticnary.

be Sund ssphalt pipe, cuntaining low penstration asphalt in a
sufficicnt quantity tec :;lluw sunging, collapses at room temperstures when
net suy~rtcd loterally,

ce Aan inti*mte mixture of the wot silt and the asphalt could
nit bo (Btaiwd as the asgholt weculd net penstrate the silt and mixing re-
sulte? in lungs of silt in an asphalt motirixe

G Ficle oquipacnt to pump low pometraticn asphalt should in-

clude o menaed o f elrculaticyg asphelt threouch steam jucketed pumg und

16, Tusts usin: sortland Cemwnt Mixtures.

se Fressurc groutins cdues not permit use of a sufficiuntly
stiff portlo . coours rix fer zoiustruction of a druin that will stand un-
supported for o oo .sidorable poricd of time after boing extruded out the
rear o £ cior wrloss admixtures arc used to procuce quicx setting qualities,

te Tlu centrel of sctting time of sand portlornd c;czz:cnt mixtures

by the us¢ o f guleiws chicrido or bicurbenate of scedo wéoixtures roquirces

L de,ree of recisicon in batek propgaration that woeuld be difficult to attain

Co Su.ad zortlund cemont mixtures of the proypor censistuncy for

¢ notrieti. s of dradu lindn o eun be pumped by use of cement gur,
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de Unifurm flow of sand portlend cumment mixtures by use of
«ither pressurv gsroutimng or ceasnt jun mothods is difficult tc maintain.

Oe The spoed of prime mover and pumping rate must be synchrone
izod,

17« rsorferated rlustic Tubing,

Qe The use of perforated plastic tubing pleced by a cable laying
slow shews promise of being a practical and economical mothod of strongthen-

ine the wulls of o mole draine

18, Fusione.

Qe The use of a high tomperature flame tc strengthon the walls

of « o lu druin by fusiocn is pet considered foasible.

V - CONCLUSIONS

Bused upen the rusults of this investigation an’ laboratery tcests

tne fullowis, ccenclusiens are presunted:

Qe It is belicved that sorme type of molc druinage can be
adapted as an cconcmical ad fuusiblo method of draining airfiold sube
crades ung sheuidoerse

©

be The use of aspnalt, ard asphalt-sand mixturus for a

e e B

stroasthvnin: linor of ths walls of a mole drain is not practicules as a
migture pessessing: tho mininmum stubility roquirements can ot bo mado
sufficicatly fiuid by huating te allow pumping by prossure nothodse

O. 7iole insizllation ¢f a strongthening lincr of pertland

¢ aent mixtures i the walls i a wole drain by use of either prussurc

Frovtin or oo couent pun is bolicv.d impractical duc t~ the difficulty

ino¢ nlrm ilisn sotTi:z time or muintaining uniform flow wad tho wnecertainty

of cbtal Ao cwativweus drain.
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de Dircct worm focd vhich eculd be syachronized with plowing

spued is boliceved to be a possible methoed of extrud 1 a gortland cement

mixturs for o strongthoning limer of a mole drain to insurc e continuous
drain,

¢e The placomnt of a perforated plastic tubing by a cable
laying machine uppears tw be the most pronising and econcmical method ¢f

strengthoning: the walls of a melc drain.

VI RECC.MENDATIONS

From the results of the laboratory investipation avd from rzview of
available lissraturc, the following rocommendetions are submittod;

Qs Furthe r experimentati on with asphalt and portland cement be

dizeeatinued uclues a more practical and positive method of olacing can
bu devised frem din obtained from Buregpecan sources,

be  Tthuorctical study be continuwsd on the desizn and spacing of
ficld draius.

Ce  Lxwrimcuatel Fivld ime*-llation of zurferatcd polyetchylene
tubin: ve doteriing its offuctiveness end vhe feasibility of the nethod
of placiiy.

de  Further iwm ostijntion be mede of the Hups Sack methed aud

cthor mothieds of drawing profabricatod lirers into the molo helu,
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TABLE 3,
PROPERTIES OF POLYETHYLENE,

Specific Gravity ' 0.92-0.93
Specific Volume, Cubic Inch per Lb, ' 30,1
Refractive Index, NL 1,52
Tensile Strength, lbs., per sq. inch 1800~3000
Blongation, percent 50-600
Yodulus of Elasticlty ) Q,w, tiok)

ibs . pe_l' S0 inch x I

~ 0e13 {flexurel

~

Flexural Strength, lbs, per sq. inch. 1500-1700

Impact Strength, Ft. 1lbs. per in. of notch

5 xﬁéiin. notched bar, Izod test 3
Hardness, Rockwell R-25 R-27
Thermal Conductivity, 10™%cal. per sec.

ar sq. em/l COper am. €.0=8,0

P 1
Specific .'eat, cals per 8C ner gram 0,53
Therm.l Expension, 107 °per °C. 18
Resistunce to Heat, °F,{Continuous; 212
Distortion under hest, °F, 122(€5 psi)
Volume Hesis%ivity, ohmecms. "

(50% relative humidity and 25°C) 105
Dislectric Strencth short-time

volts per mil, 1/5 in. thickness &00=700

Dielectri> Strength step~by-step

volts ner mil, 1/8 in thiclmess 4ED=C00
Dielactris Con:. -t, 60 cycles 2,2502,3
Dielectric Constart, 10%yvcles 2.25=2.3 .
Dieleuetrie Cuustunt, loéhyrlgs 2.25-2.3




TABLE 4.

- PROPERTIES OF POLYETHYLENE. (Cont'd.)
Power Factor, 60 Cycles 0,0003

’ Power Fnctor, 103Cycle§' 0.0003
Power Feotor, 105Cyoles 0.0003
Viater Absorption, 24 hrs., 1/8-in.
thickness, % 0.01
Burning Rote | SLOW
Effect of Sunlight SLIGHT _
Effect of Veak icids NONE
Effect of Strong Acids NONE
Effect of Vienk ulkalies NONE

: Effect of Strong Alknlies NONE

i : NONE

: Effect of Orcarig Solverts SELOW 50°C
Effect m iletal Tuserts INERT
Viachining Qualities GOCD
Clarity TRANSLUGCENT TO OPASUE
Coler Poss*bilities UVNLINITED

TABLE |,




MOLE PLOWS USED IN FLORIDA 8Y
UNITED STATES SUGAR CORPORA IO

PLATE I




MOLE PLOW DEVELOPED BY
DIVISION OF AGRICULTURAL EXTENSIOF,
STATE COLLEGE, PENNSYLVANNIA
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MOLE PLOW USED FOR
AGRICULTURAL DRAINAGE
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FRONT VIEW OF CABLE LAYING DEVICE LYING ON ITS SIDE

CABLE LAYING DEVICE DEVELOPED BY WOOD ELECTRICAL
CONSTRUCTION COMPANY WHILE ON A CONTRACT FORTHE

LOUISVILLE DISTRICT, CORPS OF ENGINEERS,WAR DEPARTMENT

PLATE 6.




REAR VIEW OF CABLE LAYING DEVICE TURNED UPSIDE DOWN

CARLE LAYING DEVICE DEVELQOPED Sy W =0 7 10w
CONSTRUCTION COMPANY WHILE ON A CONTRACT FOR T-F
COJISVIELE DISTRICT, COREF L OF eNUCINEE s~ v N s 0y

PLATE 7.
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SLOT MADE IN FROZEN SOIL BY CABLE LAYING DEVICE

CABLE LAYING DEVICE DEVELOPED BY WOOD ELECTRICAL
CONSTRUCTION COMPANY WHILE ON A CONTRACT FOR THE
LOUISVILLE DISTRICT, CORPS OF ENGINEERS,WAR DEPARTMENT
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REAR VIEW

CABLE LAYING PLOW C-60
AMERICAN TELEPHONS & TELEGRAPH COMPANY

PLATE I1.




RESULT OF PULLING PLOW THROUGH BOULDERS

CABLE LAYING PLOW C-60
AMERICAN TELEPHONE & TELEGRAPH COMPANY

PLATE I2.




SCHEMATIC DIAGRAM OF PLOW
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Rear View of Test Box after Entrance of Plow Into
Test Box

Top View of Test Box after Plow had passed through
Soil
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Plow with Tall Assembly Alternate No. | Attached

Fiow end Tall Assambly Alternate No. 2
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Time after Stripping Forms - 5 Hours

T /O TETR20Te25 )

Time after Stripping Forms - 2 Days

Time after Stripping Forms - 7 Days

Sand-Asphalt Sample Cylindersdshowing varying
percents of Asphalt
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Partially Uncovered Drains In Place. Left -~ Test
No. 4]. Right - Test No. 42

view looking through Concretc Orain after removal
Test Box Test No. &
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Plow with Asphalt Tall, being moved through Siotted
Test Pipe

Sect:on of Drain made in Test Pipe. Test NG. 26




Close—-up of Incumplete Drain,Test No. 27

Seqments of Orain after Removail from Test
Bax. Test No., 27
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Oblique View of Center of Test Box after Test No. 27
with Box opened for Inspection

Close—up cf ncomplete Drain,Test Ho. 27
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Left side of Concrete Drain after Removal from Test
Box. Test No. 40

Right side of Concrete Drain afrer Removal from les:
Box. Test Mo, 40

PLATE 40




4 F i Coi
oot Diameter Coi! of Polyethylene Tubing
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Samples of 2lastic Tubing undergoing Test of
Loading vs. Deformation
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