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PILE]RIVING MANDREI,CQNSTRUCTIQN 

AND MET?0D 
Hary de R.Gibbons and George D?Rausch,North 

Canton,Chio,assignorstoThe Jnion Meta?Manufac 
turing Company,Canton,Dhio,a corporation of Chio 

FiedSept,22,1964,Ser.No.398291 
il Clains,{Ci?6??53.7) 

Theinvention relatestopilesand more particularlyto 
the drivingand forming of pilesin which a preferably 
tapered,tubularmetalshelis drivenintothegroundwith 
a tapered,Substantialy rigid,driving mandrel or core, 
after which the mandrelisextractedfrom the shelland 
the latterisfledwith Suitable bearingmaterial,prefer 
ablyconcrete,to form the pile;andthe presentinvention 
constitutesimprovements on the inventions setforth in 
Orrand Riemenschneider Patent No.2,036.355. 
The driving of tapered tubular metal pile shells into 

thegroundwithtaperedmandrelsheretofore hasinvolved 
many problems,Sometimesa colapsible mandrel con 
struction has been usedtopermitextraction ofthe man 
drelfrom the shel,Collapsible mandrels have a high 
initial cost,involve many parts which may wear or be 
injured,and are frequently out of service forrepairs? 
Thus,collapsible mandrelsare extremelyexpensivetoin 
stal,maintain and operate;and high mandrel costs are 
multipliedwhereitisnecessarytoprovideaseriesofman 
drelsfordrivingpile shels of diferent diameters,tapers 
and engths. 

Somedificultiesencounteredwith colapsiblemandrels 
have been avoided byusinga Substantialyrigidtapered 
nandreltodriveataperedfutedshelbutdificultieshave 
beenencounteredinextractingthemandrelfrom the shel ° 
afterdrivingtheshel,Sucharigidmandrelinusetrans 
mitsthe drivingforcesfrom mandreltoshelthroughfric 
tional contact betWeen the mandreland the shelfutes 
throughouttheirentire length andalsothrough engage 
mentofthelowerendofthemandrelwith the shelnose, 
whichin efect tends to pulthe shellinto the ground 
throughits nose. 
However,such arrangement for transmitting driving 

forces from mandrel to shell can reSuit in tearing Or 
splitting ofthe shelorintearingoutthe shelnosepar 
ticularlywhereverythinsheetmetalshelwalsare used 
orwherethetaperedmandreltelescopicalypenetratesthe 
taperedsheltoagreaterdegreethanintended,In prior 
arrangements,exceptfor bottomendengagement of the 
mandrelwiththe shellnose,there hayebeennoprovisions 
foravoidingthe tendencyatleastforcontinued penetra 
tion oftheshel bythe mandrelwitheach driving blow? 
These dificultiesamongothers have prevented desired 

economiesfrom beingobtainedin the erection of piling, 
Thatistosay,either high colapsible mandrel costs,or 
highshellcostshave beeninvolved?Inthelatterinstance, 
thickermetalshelwalsthenare otherwise necessaryto 
actasconcrete formsonce the shelhas been driven and 
the drivingmandrelextracted,have beenrequiredinorder 
toresistshelsplittingortearingornose tear-out? 
One of the fundamentalobjects of theinventionisto 

control the relative amount of penetration of a rigid 
taperedmandrelintoarelativelythinwaledtaperedtubu 
1arsheetmetal pile shel duringthe mandreldriving of 
the shellinto the ground forassuring(1)thatthe shel 
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2 
wilnotburstorsplit,(2)thatthemandrelwilnotpunch 
Outthe noseatthe bottomend ofthe shel,and(3)that 
the mandrelmay be extractedeasiyfrom the shelwhen 
the shel has been driven. 
Afurther object oftheinvention issimultaneouslyto 

engage apile drivinghammerdrivingheadwith both the 
top of a rigid tapered drivingmandreland the top ofa 
thin waled taperedtubulardriven sheetmetal pileshel 
within which the mandrelistelescoped,assoonasa pre 
determined penetration oftheshelbythemandrelhasoc 
curred;sothatthehammerblowdrivingforcesaredivided 
and simultaneouslytransmittedfrom the driving head to 
the shelnotonly directiyatthe topend ofthe shell,but 
alsothroughfrictionalengagement between engaged tele 
scopedtaperedSurfaces ofthe mandrelandshel,thereby 
to avoid shel bursting,splitting Ornose puncturing,to 
enablereadyeXtraction ofthe mandrelfrom theshel,and 
toenableverythingaugesheetmetalshelsto be driven? 

Also,itisan objectofthe presentinvention to provide 
mandrel components and cooperative mandreland shell 
engagingand driving means whichenable theamount of 
Denetration ofthe shel bythe mandrelto be controled, 
and dividethetransmission of drivingforcesfrom driving 
meanstoshel,betweentelescoped mandreltoshelfric 
tional driving engagement and direct shel top driving; 
the cooperative relationship of the shel,mandrel and 
components ofthe mandrelandshelengagingand driving 
means permittingready extraction ofthe mandrelfrom 
the shelafterthe latter has been driven. 

Finally,itisan object ofthe presentinvention to pro 
vide anew pile drivingmandrelconstruction fordriving 
taperedthin waled tubular pile shels,eliminating difi 
culties heretoforeencounteredintheart;eiminatingcom 
plicated and costly collapsible mandrel structures and 
maintenance and repair problems heretofore involved; 
achievingtheindicatedobjectsina combined,simpleef 
fective andinexpensive manner;andsolvingproblemsand 
satisfyingneedsexistingin the art, 
These and other objects and advantages,apparent to 

those skiled in the art from the folowing description 
and claims,may be obtained,the statedresultsachieved, 
andthe described dificulties overcome,bythe apparatus, 
combinations,parts,elements,subcombinations,arrange 
ments,relationships,constructions and methods which 
comprise the presentinvention,the nature of which are 
setforthinthe folowinggeneralstatements,a preferred 
embodiment of which?illustrative of the best mode in 
which applicants have contemplated applyingthe prin 
ciples?issetforthinthefolowingdescriptionand shown 
inthe drawings,and whichare particularlyand distincty 
pointedoutandsetforthintheappended claimsforming 
part hereof? 
The nature oftheimproved pile driving mandrelcon 

struction ofthe presentinventionmaybestatedingeneral 
termsasincludingasubstantialyrigidlongitudinalycon 
tinuous mandrel havinga head portion atits upperend 
and beingtapered downwardlyinwardy from Said head 
portion toits lowerendadapted to beteleScopicalyin 
serted within and in frictional surface engagement 
through-out the entire length of the tapered portion of 
the mandre member with inner surface portions of a 
tapered preferably longitudinaly ribbed,corrugated,or 
futed sheet metal shelto be driven;a foatingdriving 
ringsurroundingand mounted onthe mandrelhead por 
tion for movementaxialy of Said head portion,means 
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limitingaxialmovementofsaidfoatingringon said head 
portion;extractor bar means projectinglateraly of and 
nounted on the mandrel head portion above said foat 
ing ring;mandrel and shel engaging and driving cap 
meansincludingupperpreferably cushioned anvilmeans 
adapted toreceive the blows of a pile driving hammer, 
meansforlashingthe cap means to the hammer,anda 
downwardly openingcup-shapedsleeve onthe capmeans 
having annular lower end surface means adapted to be 
telescoped overandengaged with the mandrelhead por 
tion,said sleeve beingformed with cutout meansstrad 
dling the lateraly projectingeXtractor bar means when 
the sleeve istelescoped overand the cap meansis en 
gaged with the mandrelhead portion,the annularsleeve 
surface means engaging the foating driving ring when 
the latterisadjacentitsupperlimit of movementon the 
mandrelhead portion and whenthe capmeansisin driv 
ingengagement with the mandrel head portion;andre 
movable extractor convertorring means adapted to be 
inserted between the annular sleeve surface means and 
thefoatingringwith the sleeve partiallytelescoped over 
and the cap means spaced from engagement with the 
mandrel head portion forimpartingdrivingforce tothe 
upperend of ashel while puling on the extractor bar 
meansto upwardly extract the mandrelfrom such shell 
afterthe shell has been driven. 
Thenature oftheimproved method of drivingathin 

waled tapered tubular sheet metal pie shel into the 
ground may be statedingeneralterms asincludingthe 
steps oftelescopinga downwardyinwardlytapered por-3 
tion of a substantially rigid 1ongitudinally continuous 
mandrelhavinga headatoneendandanoseatthe other endintoatapered preferably1ongitudinalyribbed,cor 
rugated,orfuted sheet metal pile shel also having a 
headatoneendand anoseatthe otherend;drivingthe 3 
mandrel relatively into the shelto penetrate the shel 
and frictionaly wedge engage the mandrel with and slightyradialyexpandtheshel1substantialythroughout 
its length and to establish frictional driving contact be 
tween the mandrel and shell ribs throughout the tele 
scoped portionsofthemandrelandshel;controlingthe 
penetration ofthe mandrelinthesheltoapredetermined 
amountto preventshelburstingand shel-mandrel nose 
engagement;then after the mandrel has penetrated the 
shelsaid predetermined amount simultaneously driving 
the mandrelandshelheads untithe shelisin place in 
the ground;thenfreeingthe mandrelhead of drivingen 
gagementwhilemaintainingdrivingengagement with the 
shelhead;and then drivingagainst the shelhead whie 
pulingon the mandrelto extract the mandrelfrom the 
driven shel? 
Byway ofexample,an embodiment of the improved 

mandrel construction and pie sheldriving procedure is 
shownintheaccompanyingdrawingsformingpart hereof 
in which: 
FIGURE1isasideview oftheimprovedmandrelcon 

struction with parts brokenawayandinsection; 
FIG.2isatop view ofthe mandrel1ookingin the di 

rection ofthearrows2?2,FiG,1; 
FIG.3isasectionalviewtaken on theline3?3,FIG. 

1; 
FIG.4isasectionalviewtaken ontheline4?4,FIG, 

1; FIG,5is aplan view ofthe foatingdrivingrjngcom 
ponentofthe mandrelshown in FIG,1; 
FIG.6isasideview ofthefoatingringof FIG.5; 
FIG.7isa plan view ofan extractor convertorring, 
FIG?8is a side elevation of the extractor convertor 

ringshownin FIG.7; 
FIG.9 is an enlarged fragmentary view with parts 

broken awayandin Section of an upperend of apie sheltobedrivenwiththeimprovedmandreltelescopicaly enteredintheshelatthebeginningofadrivingoperation; 
FIG.10isasideview ofthepartsin FIG.9with parts 

brokenawayandinsectionilustratingthe mandreland 
shelduringdrivingafterapredetermined penetration of 
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4 
the shell hasoccurredwith the mandreland shel heads 
Simultaneously engaged bythe driving head to transmit 
drivingforces directlytothetopend ofthe shelandalso 
to the shelthrough frictional engagement betweentele 
ScOped Surfaces of the mandrelandshel; 
FIG.11isaviewsimilarto FIG,10 butshowingthe 

eXtractorconvertorringin place afterthe shelhasbeen 
driven atthe beginning ofanoperationforextractingthe 
nandrelfrom the shell; FIG.12isafragmentaryviewsimilarto FIG.10show 
ing how the improved construction can beadapted for 
drivingan undersize pile shel; 
FIG?13isa view similarto FIG.11illustratingthe 

mannerin which the mandrelmay be extracted whenan 
undersizepile shel has been drivenasilustratedin FIG. 
12;and FIG.14isasectionalviewthroughamandrelandpie 
sheltaken on the line14?14,FIG.9. 
Similarnumeralsreferto similarparts throughoutthe 

variousfgures of the drawings. 
Atapered tubular pile shelgeneralyisindicatedat1 

and preferablyis formed of lightgauge sheetorstrip 
metal Such as11-gauge strip steel,Whenthe pieshel 
is driveninto the ground,it may befled with concrete 
toformapile Suchasshowninsaid PatentNo.2,036355. 
The shel1preferablyisprovidedwithaclosed1owerend 
ornose,notshown,Shel1preferablyalsoisprovided 
with longitudinaly continuous outturned futes2 which 
notonlyreinforce orstifenshel11butserveotherpur 
poses to be described,Shel1 may have any desired 
1ength and because ofitstaper,itreadiypenetratesthe 
ground and may,therefore,ready bedrivento desired 
depth,For example,shel11may be 30feetin length 
and may have a12-inchtopandan8-inch bottom diam 
eter,although these dimensions aregiven only for ex 
ample. 
Pieshel1maybedriven byusualpiedrivingequip 

ment,not shown,whichmayinciudeahammerandhead guide3Supportedintheusualmanneronthedrivingequip 
mentandareciprocable hammerplunger4? 

Theimprovedmandrelconstruction preferablyincludes 
a Substantialy rigid,1ongitudinally continuous,mandrel 
nembergeneralyindicatedat5in FIG.1,havingahead 
portiongeneralyindicated at 6atits upperend,and 
beingtapered downwardlyinwardlyat7from the head 
portion 6tothe lowerendornose8ofthemandrelwhich 
maybeclosedbyanosecap9. 
Tapered portion 7 of the mandre15maybe formed 

inany desired manner but preferaby may comprise a 
plurality ofphessuchasplies7aand7b,oftaperedtubu 
lar sheet metal memberstelescoped within one another 
towhich the bottom nose cap 9may be weldedat10, 
asshown, The upperendsofthetaperedtubularsheetmetalman 
gire plymembers 7a and7btelescopicalyreceive the 
lowerend portion11ofthemandrelheadportion6with atightwedgeft,Spacedlateralpins12and13welded 
t9thetapered tubularmembers7aand7bat14prefer 
abytietapered portion7ofthemandreltothelowerend 
11ofmandrelheadportion6,Members6and7maybe 
Secured togetherfurther bya Series of plugwelds,one 
Suchplugweldbeingilustratedat15in FIG?1. 
Mandrel head portion 6is formed with an annular 

recess16above the upperend17ofthetaperedtubular portion7ofthemandrel,Afoatingdriveringgeneraly 
indicatedat18ismountedon head portion6aroundsaid 
receSS16andis movable axialy ofthe head portion 6 
upand downrecess16,Recess16limitsaxialmovement of ring18,foatingring18 beingiustratedin FIG,1 
atits bottom limit of movement,Referringto FIGS 
5and 6,foatingring18preferablyisformedfromtwo 
Semi-circularpieces18aand18b,whichare placedinen 
Grcingrelationaroundrecess16ofmandrelhead por 
tion 6 and then are welded togetherasindicateda?19 
in FIG,5tomaintainring18assembledtoandmounted 
on mandrelhead portion 6infoatingrelationthereto, 
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The upper end of mandrel head portion 6preferably 
istapered slighty upwardyinwardlyat20 and may be 
closedbyawelded-in headcap21? 
The upperend of mandrel head portion 6 preferably 

is provided with an extractor bar22 extendingthrough 
member6and havinglateraly projectingends23 pref 
erably formed with openings 24,Extractor bar 22is 
located below headcap21 andaboverecess16and the floatingdrivering18Surroundingrecess16, 
Amandrelandshelengagingand drivingcapgeneraly 

indicatedat25formsone of the components of theim provedmandrelconstruction,Cap25preferablyincludes 
an upwardyextendingcup-shapedsleeve26taperedatits 
upperendasindicatedat27,Cap25may be lashed to 
hammerguide3asshownin FIG.10by cables28which 
extendthroughopenings29formedinears30 projecting 
from cap25intheregion ofthe capmemberpartitionwal 
3??Aknockoutplate 32,a cushion member33,and an anvil34preferabyarecontainedinausualmannerwith 
in therecessformed by cap sleeve26asshownin FIG. 
10sothatthe blows of a hammer4areimpartedto cap 25throughmembers34,33,and32, 
The drivingcap25alsoisformed with a downwardy 

Opening cup-shaped sleeve 35 having an annular lower 
end surface 36,Sleeve 35is adapted to be telescoped 
overandengagedwiththemandrelheadportion6,the cav 
ityformed bysleeve35preferablyconformingin contour 
tothe contourof the upperend of mandrel head portion 
6asiustratedin FIGS.9and10. 
Sleeve35isformed with downwardly openingcutouts 

37 which stradde the laterally projecting extractor bar 
ends23whensleeve 35istelescoped overmandrelhead 
portion 6 with the cap partition Wal31 engaged on the 
topend of mandrelhead portion 6asshownin FIGS.9 
and 10. 
Capmember25whentelescopedoverandindrivingen 

gagement with head portion 6 Ofmandrel5asshown in 
FIG,9,hastheendSurface36 ofsleeve35spacedabove 
foatingring18whenthe latterisatoradjacentitslower 
limit offloating movementalongrecess16isgeneraly 
indicatedin FIGS.1and 9, 

Several operational stepsin the use ofthe improved 
mandrel construction areillustratedin FIGS?9,10and 
11,When a shel1isto be driven,amandrel5istele 
scopedinto the top open end of the shel1(FIG,9), 
drivingcap25islashedtothe hammerguide3(FIG.10), 
driving head sleeve35istelescoped overthe upperend 
of head portion 6(FIGS.9 and10)ofthe mandrelin 
shel?,theentireassemblyissuspendedabovethe desired 
drivinglocation,andshel11is readyto be driven,The 
parts,elements,andcomponentsatthistime havetherela 
tive positions shownin FiG.9 whereinthe foatingdriv 
ingring18restson thetopendofshel1 whichmaybe 
reinforcedatitsupper Open end or headwithareinforc ingcollar38. 

Driving blows from hammer 4through cap25 drive 
nandrelheadportion 6 engaged bycap25downwardinto 
andrelative toshel1sothattapered portion 7 ofman 
drel 5 penetrates shel 1,Penetrating movement of 
mandrel 5 establishes frictional wedge engagement be 
tween thetapered outersurface ofmandrelouterply7a 
andtheribsformed byshelfutes2throughoutthetele 
Scoped portions of the tapered mandrel5and shel11… 
Thisfrictionalwedgeengagement between mandrel5and 
shel1 slightyradialy eXpands1throughoutitsentire 
length. 

In accordance with theinvention,the amountofaxial 
wedge penetration of shel 1 by mandrel 5 and the 
amount ofradialeXpansion of shel1iscontrolled such 
asto prevent shell bursting,Furthermore,thetapered 
Portion 7 of mandrel5is shorterin length than shel1 
sothatatnotime does nose8 ofmandrel5engage a 
simiar nose of the shel,The controlled mandrel-shel 
1enetration is predetermined to an amount preferably 
notgreaterthan the axial dimension of mandrel headre 
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cess16,orin other words notgreaterthan the distance 
that foating drivingring18 can moye on mandrel head 
portion 6, 

Asindicated in FIG,9,the mandrel5 normaly is 
telescoped to the position shown relative to the upper 
end38 of shel1 before driving blows are applied or 
wedgingoccurs?Theshowingof FIG.9,however,istyp 
icalsince variationsintaperedrib formations,wear,etc., 
can slightly alter the relative positions shown,From 
this position the predetermined amount of shell pene 
tration bythe mandrelthatsubsequenty can occur dur 
inginitialdrivingmaybe measuredin FIG.9asthe axial 
distance betweentopface 39 offoatingring18andthe 1owerendsurface36ofcapsleeve35. 
With the partsin the position of FIG.9,operation of 

hammer 4 drives mandrel5 downward in shel1to penetratetheshelthepredeterminedorcontroledamount 
Ordistance untilthe relative positions ofthepartsshown 
in FIG?10 are established,wherein cap wal31 is in 
drivingengagement with the head of the mandrel,and 
sleeve end Surface 36isin drivingengagementwith the 
foating ring 18,Direct driving engagement between 
cap25and head38ofshel1thusisestablished,andthe 
controled predetermined penetration of shel11 by man 
drel5isachieved. 
Underthese conditions,shel1 hasnot beensubjected 

to suficient burstingforce to burstorsplitthe shel,and 
the mandrelnOSe 8 hasnot contacted and,therefore,has 
not punched out the nose of the shell,However,sufi 
cient frictional contact between telescoped engaged ta 
pered surfaces of mandrel 5 and shel1 has been es 
tablished that the hammer blow forces are transmitted 
bydriving cap25notonly directlyto the head ofshel 
1 but also are transmitted through contact of cap 25 
with the mandrel,then through the mandrel,andfinaly 
throughfrictionalyengaged Surface contact betweenthe 
mandreland shel,to the shell Substantialythroughout 
the length of the shel? 

Driving ofshell continuesin this manner by opera 
tion of hammer4 unti shel1 has reached the desired 
driven position in the ground,At this time,driving 
head 25is raised free of driving engagement with the 
upperend of mandrel5to a position somewhatasius 
trated in FIG?11?Then an extractor convertor ring 
generallyindicated at40isinserted between endsurface 
36 ofcap sleeve35andtopsurface39offloatingdriving 
ring18to maintain cap wal31 spaced from the top 
end of mandrelhead portion 6. 
Ring40,as shown in FIGS.7 and 8,preferably is 

composed of similar half-sections41 hinged togetherat 
42andadapted to be heldin ring-likerelation bya bolt 
43,The extractor convertorring40 thusis removable 
andinsertable when desired,Conditionsmayarise where 
another extractorringthicknessmayberequired,Thus, 
any mandrel construction mayinclude as a part of its 
related component equipment Several rings 40 of dif 
ferent thicknesses, 

After extractorring40 has been inserted asshown in 
FIG.11,an upward pullmay be exerted on the ends of 
extractor bar22 by cables44Suspended from a winch 
onthe drivingequipment,Cables44 may be connected 
to extractor bar22ataitimesto suspend the mandrel 
5butonlyare subjected to liftingforce duringmandrel 
extracting Orlifting Operations. 
Hammer4thenis operated to drive cap25(FIG,11) 

againstextractionring40 whilethe upward pul1through 
cables44is eXerted on mandrel5,Inthis mannerthe 
frictional engagement between the mandrel5 and shell 
lis loosened or disengaged and mandrel5 may be ex tractedorliftedfromshel111eavingshel1intheground 
to Serve asa form in which concrete may be pouredif desiredtoprovide thefinalpiestructure. 

In the examplegiven of a30-footpile shel1,the 
nandrel plies 7a and 7b may be say29feetin length 
and the mandrel nose 8 may have an outside diameter 
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ofabout6% inches with the upper end17 of mandrel 
ply7a havingan outside diameter ofsay10% inches. 
Thus,asshownin FIGS.9and10normalythe efec 

tive length ofthe outertapered surface of the mandrel 
incontactwith theshel,isshorterthanthelength ofthe 
shel;the top end17of the mandrel plies being below 
head38 ofshel1ineach of FIGS.9and10,andthere 
beingnonose contactbetweenmandrelandshelineither 
condition? 

Situationscan arise wherein the piesheH1furnished 
orto be drivenis undersize,thatisthe shel1 may be 
shorterin length than normally intended to be driven 
bya particular mandrel5?This conditionisillustrated 
in FIGS,12and13whereinan undersizeshel45may be 
drivenbythesamemandrel5ilustratedinthe otherviews 
Byinsertingasplitsleeve filler46betweenthe upperend 
47of shel145andthe foatingmandreldrivingring18. 
The splitsleeve fler46may bea hingedsleevesimi 

larin construction to the extractorring40ilustratedin 
FIGS.7and 8,Sleeve 46in efectformsa drivingex 
tension for the end of shel145 to eXtend the efective 
(undersize)length of shel 45 and locate in efectits 
upperendorheadabovethe upperend17ofthemandrel 
?lys7a and7bata positionforsimultaneousshell head 
and mandrel-shellfrictionaldrivingengagement,asilus 
tratedin FIG.12,The positionsofthe partsin FIG,12 
withan undersized shel45and an extension sleeve 46 
correspondtothepositions ofthe parts shownin FIG.10? 
Aftershel45has been driven,drivingcap25may be 

lifted and an extractorring40 inserted to extract the 
mandrelfrom shel45asshownin FIG.13,inamanner 
similarto that describedin connection with FIG,11. 

Idealy,in the use of theimproved mandrel construc 
tion afuted pile shelwillbe driven with a mandrelcir 
cularin crosssectionasgeneralyillustratedin FIG,14? 
This particulararrangementis desirable forseveralrea 
sons?First,with a futed shel wal and a reinforcing 
colar38,a wide upperedge or headis provided on the 
shelon which drivingforces can be applied directy to 
the top of the shelafterpredetermined penetration bya 
mandrel,This wide upper fiuted edge construction is 
quitestifand when supportedinternaly bythetapered 
mandrelprovides maximum resistance to crushing bythe 
force ofthe hammer blows. 

Second,with a mandrelcircularin crossSection anda 
sheloffiuted crossSectionasshownin FIG,14,the fric 
tional contact between mandreland shelestablished by 
the predeterminedmandrelpenetration ofthe shellcom 
prisesaseries ofline contacts betweenthe surface ofthe 
mandrelandthe bases ofthefutes,Thisdistributesthe 
frictionalcontactfortransmission of drivingforcesfrom 
mandrelto shel1at spacedintervals and throughout the 
length ofthe mandrel,Atthesametimeaminimum of 
frictional Surface engagementis present to be overcome 
duringextraction,andextraction ofthe mandreliseasier 
toperformatthe propertime?Obviously,asimilarfric 
tionalsurface contactarrangement can be obtainedifit 
is desired to drive a round tapered shel by usingata 
pereafnted mandrel, - 
Furthermore,the attainment of the desirable ad 

vantagesisnotpredicatedonthe particularform offiutes 
shown in FIG?14 since other longitudinalrib,fute,or 
corrugation formations can be usedinstead. 

Thus,inaccordancewith theinvention,afoatingdriv 
ingringis providedatthe top of atapered mandrel,the 
mandrelis enteredinto atapered pile sheland driven 
through an engaged driving head untilthe driving head 
simultaneouslyengages both the top ofthemandreland 
the top oftheshelthroughthefloatingdrivingring,At 
thistime the driving proceeds with blowsatthe top of 
the entire assembly,while preventing any tendency of 
the mandrel to further enter the pile sheland cause 
splittingor burstingornose punchout,Finaly,the con 
troledamount of mandrel penetration ofthe shell being 
drivenalwaysassuresthatthe mandrelcan be extracted? 
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Accordingy,the present invention provides an im 

proved pile drinving mandrel construction and method 
whichissimple,practical,and1owin cost;which solves 
Droblems that have existed for yearsin the driving of 
tapered tubularsheet metalpileshels;whichavoids dif 
ficulties encounteredin the use of coHapisible mandrels fordrivingtaperedtubularsheetmetalpilesheels;which 
avoids shell bursting;splitting and nose punchout difi 
culties that have been encounteredin priorattemptsto 
Satisfactoriy drive relativelythin gaugetapered tubular 
sheet metal pile shels with substantialyrigid tapered 
mandrels;whichenableslightergaugetaperedsheetmetal 
pie shelsto be driven withlongitudinalyrigidtapered 
nandrelsthan heretofore practical;and which eliminates 
other dificulties heretofore encountered in the art, 
achievesthe stated objects,accomplishesthe manynew 
functionsandresults described,andgeneralysolves prob 
lems which have existedin theart. 
In the foregoing description,certainterms have been 

uSedfor brevity,clearnessand understanding butnoun 
neceSSSarylimitationsaretobeimpliedtherefrom beyond 
therequirements ofthe priorart,becausesuchtermsare 
used for descriptive purposes and are intended to be 
broady construed. 
Thus,the terms“rigid”or“substantialy rigid”used 

herein distinguish from“colapsible”or“longitudinaly 
Sectiona”mandrelsandareintendedtodescribemandrels havingSuficientrigidityandstrengthto bedrivenintothe 
groundorremoved therefrom withoutfaiure undernor malconditions;andtheterms“ribbed”“corrugated”or 
“futed”are used herein more or less synonymouslyto 
referto tapered structures with which spaced ine con 
tacts are established whentelescopedinto andengaged 
wi? Telation toothertapered memberscircularin cross 
SectiOn? 

Moreover,the description andiustration of the in Ventionisbyway ofexampleandthescopeoftheinven 
tionis notlimited tothe exactstructuresshown orthe 
lengths,diameters and metalthicknesses described for 
example,because ofthesizesofthevariouspartsandcom 
ponents may be varied to provide otherstructuralem 
bodiments without departingfrom the fundamenta1prin 
ciplesoftheinvention, 
ForeXample,althoughnormalythetapered portion7 ofmandrel5mayhavethesametaperasthatoftheshel 

1to bedryen,asshown,neverthelessthemandreltaper 
may be Slighty greater than that of the shel1so that 
duringcontroled or predetermined penetaration ofthe 
shel by the mandrelfrictionalwedge-contact therebe 
tweenis established progressively from topto bottom. Thisreducesresistancetopenetration,sincethe inecon 
tacts betweentelescoped surfaces ofmandreland shel 
?re.permitted toincreasein length from topto bottom 
guringtheinitialdrivingstage,Such slight diferences 
in mandrelandsheltapers hasthefurtheradvantage of 
avoidingthenecessityandexpense ofprovidingabsolute 
natchingtaperson mandrelsand shels driven bysuch 
mandrels which,ifrequired,couldsubstantialyincrease 
materialand pile drivingcosts, 
Having now described the features,discoveries and 

principles oftheinvention,the construction,operation 
and use of preferredformsthereof,the preferredsteps 
oftheimproved method,andtheadvantageous,newand 
usefulreSults obtained thereby;thenewandusefuldis coveries,principles,apparatus,combinations,parts,ele nents,Subcombinations,arrangements,relationships,con 
structions,methodsandstepsand mechanicalequivalents 
obvioustothose skiedintheartare setforthinthe 
appended claims? 
We claim: 
1,Pile sheldrivingmandrelconstruction,includinga 

Substantialy rigid longitudinaly continuous mandrel 
nember havinga head portionatthe upper end ofthe 
member and a downwardy inwardytapered shel-con 
tactingportion extendingdownwardfromsaid head por 
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tion tothe lowerend ofthe member,the mandrel head 
Portion havingalowerend,thetapered mandrelportion 
comprisingtaperedtubularsheet metal means havingan 
upperendtelescoped overthelowerend ofthe head por 
tion,means Securing the telescoped upper end of the 
tapered tubular means and the lower end of the head 
portion together,there beingan annular recess formed 
in the head portion above the upperend of the tapered 
tubularmeans,foating drivingring means mounted on? 
the head portionaroundsaidrecessfor movementaxially 
of the head portion,and the recess limitingaxialmove 
nent ofthe ring meansonthe head portion? 

2,Pile sheldrivingmandrelconstruction,includinga 
substantialy rigid longitudinaly continuous mandrel 
member havinga headandatapered shel-contactingpor 
tion,mandrelandshelengagingand driving cap means 
TeleasablyteleScoped overandengaged with the mandrel 
head,thetaperedmandrel portion beingtelescopedwith 
inatapered tubular pile shelto be driven with the cap 
means spaced above the upper end of such shel,and 
foatingringmeans forestablishing drivingengagement 
Detween the cap means andthe upperend of the shel 
afterthe mandrel has been drivenintothe shelto pene 
trate the shela predetermineddistance;saidringmeans 
comprisingaringsurroundingthe headabovethetapered 
shel-contacting mandrel portion,means mounting the 
ringonthe headforaxial movementrelativetothe head 
above Said tapered portion and below Said cap means, 
andthering beingengaged bythe capmeansandengag 
ingthe upperend ofthe shel when said drivingengage 
mentisestablished? 
3.The construction defned in claim 2in which ex 

tractor bar meansis mounted on the mandrel member 
above the tapered mandrel portion and belowthe head 
Drojectinglateraly ofthe mandrelmember,andin which 
removable extractorconvertorringmeansisinserted be 
tweenthe cap meansandtheringwith theringengaging 
the upperend ofthe shellafterthe mandreland shel 
have beendrivenintothe groundtospace the capmeans 
from the mandrel head,whereby the mandrel may be 
extracted from the shelleavingthe shellin the ground 
bypulingontheextractorbarmeansand by hammering 
the cap means? 

4. Pilesheldrivingmandrelconstruction,inchddinga 
substantialy rigid longitudinaly continuous mandrel 
member having a head and a tapered shel-contacting 
Dortion,foating drivingring means mounted for axial 
movement on the mandrel member above the tapered 
portion and below said head,mandrelandshellengag 
ing and driving cap means,downwardy Opening cup 
shaped sleeve means on the cap means having annular 
1ower endsurface means,said cup-shaped sleeve means 
being releasably telescoped over and engaged with the 
mandrel head,and the tapered mandrel portion being 
telescopedwithinataperedtubularpile shelto be driven 
with the foating drivingring means engaged with the 
upperendofsuchshelandspacedbelowthesleevemeans 
1owerendsurface means;whereby pile driving hammer 
blowsonthe cap meansinitialydrive the mandrelmem 
bertopenetrate the shel untilsaidsleeve meanslower endsurfacemeansengagesthefoatingdrivingringmeans, 
and whereby said blows thereafter coincidentaly drive 
the mandrelandshelinto the ground by SimultaneOuS 
drivingengagement of the cap means with the head of 
the mandrelandthrough Saidfoatingringmeans with 
the upperendofthe shel? 
5.The construction defnedin claim 4in which the 

mandrelmemberisformedwithan annularrecesshaving 
a1owerannularedgelocatedabove the upperend ofthe 
tapered mandrel portion and having an upper annular 
edge1ocated belowthe mandrelhead;in which the foat 
ingdrivingringmeansis mountedforaxialmovement 
on themandre memberaround Said recessand between 
said recess1owerand upper edges;in which the lower 
end surface means of the cap means is located below 
saidupperrecessedge whenthe capseeve meansisen 
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10 
gaged with the mandre head;and in which the upper 
end ofashelbeingdriven bythemandrelwhenthe lat 
teristelescopedwithintheshelisspacedabovethelower 
recessedge:wherebythe spacing of the foatingdriving 
ring meansengagedwith the upperend oftheshelbelow 
the lowerend surface means of the cap meansprovides 
a predeterminedamountofshelpenetaration bytheman 
drel before the mandrel and shel are coincidentaly 
driven, 
6.The construction definedinclain4in whichextrac 

tor barmeansis mounted on the mandrelmemberabove 
the floating drivingringmeans and below the mandrel 
head projectinglateraly of the mandrel member,andin 
which the cap sleeve meansisformedwith cutoutmeans 
straddling the lateraly projecting eXtractor bar means 
whenthe capsleevemeansistelescopedoverandengaged 
with the mandrelhead. 
7.The construction definedin claim 4in whichextrac 

tor bar meansismountedon the mandrelmemberabove 
the floating drivingring means and below the mandrel 
head projectinglateraly of the mandrelmember,andin 
which removable eXtractor convertorring meansis in 
serted between the foatingdriving ring means and the 
lower end surface meansof the cap meansafterthe man 
dreland shel have been drivenintotheground to space 
the capmeansfrom the mandrelhead,wherebythe man 
drel may be extracted from the shelleavingthe shel 
inthe ground bypulingonthe eXtractorbar meanswhie 
hammeringthe cap means? 
8.The methodof drivingathinwaledtaperedtubular 

sheet metalpile shelinto the ground,includingthesteps 
oftelescopinga downwardyinwardytapered portion of 
a substantialy rigid longitudinaly continuous mandrel 
havinga headatoneendandanoseatthe otherendinto 
a tapered tubular sheet metal pile shell also having a 
headatone endandanoseatthe otherend;drivingthe 
mandrel relativelyinto the shelto penetrate the shel 
and frictionalywedge-engagethe mandrelwith the shel 
Substantialy throughoutits ength and to establish fric 
tional driving contact between the mandrel and shel 
throughout the teleScoped portions of the mandrel and 
shell;controlingthe penetration of the mandrelin th3 
shel to a predeterminedamount to preventshelburst 
ingand shel-mandrel nose engagement;then aftersaid 
Dredetermined penetration simultaneousy driving the 
mandreland shell heads untilthe shelisin placein the ground? 
9.The methodassetforthin claim 8,inciudingthe 

furtherstepsafterthe shelisin placeinthe ground of 
freeing the mandrel head of drivingengagement whie 
naintainingdrivingengagementwith the shel head;and 
then drivingthe shell head while pulingon the mandrel 
to eXtract the mandrelfrom the driven shel? 
10,Pie sheH driving mandrel construction,including 

a Substantialy rigid longitudinaly continuous mandrel 
member having a head provided with upperand lower 
ends and a tapered shel-contacting portion connected 
with the lowerend of the head,foatingshel-contacting 
driving ring means Surrounding the head between the 
Upperand lowerends ofthe head,and means mounting 
the ringmeanson the head foraxia movementrelative 
to the head above the tapered portion and below the 
upperendofthe head. 
11?Pie shel driving mandrel construction,including 

a substantialy rigid longitudinaly continuous mandrel 
member havinga head portion provided with upperand 
lowerendsatthe upperend of the mandrelmemberand 
a downwardy inwardytapered shel-contacting portion 
connected with and extendingdownward from the lower 
end ofthe head portion tothe lowerend of themandrel 
nember,fioating driving ring means Surrounding the 
head portionabovethe tapered portion,means mounting 
the ringmeanson the head portion foraxialmovement 
Telative to the head portion above the tapered portion, 
meanslimitingrelativeaxial movement oftheringmeans 



3,316,722 
?1 ?2 

on the head portion,the ring means beingadapted to - References Cited bythe Examiner 
engagethe upperend ofatapered pieshelto be driven UNITED STATES PATENTS 
bythe mandrelwhenthe mandrelistelescopedinto Such 1,998,643 4/1935 Thornley???????????? 61?53.7 
shel,andtheringmeansbeingmovableupwardaxialy ?2036355 4/1936 Orretai.? 61?53.7 X 
ofthe headportion bysuchshelasthemandrelisdriven ° ? - - topenetratethesheiandtoestablshfrictionadrving CHARL°?·9C9NNPH,°° 
engagement betweentapered mandrelandshelsurfaces? JACOBSHAPIRO,Examiner? 


