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hbstract: l\rlant,da»rsitr:-" hare uot lxen harnr:sst:rl llcr:ausc of unfayoraille {bundatiou contlitious }ike

tì,rr1l allutial rlc;:rtsits or pelrious ror-,ks or karst- lù:cently the trrchrrologv of nrillcri co»ctcte (iut-ofli

lrits »ratlt: a tttafor sltl fontatrl puslring u,ay l:ack thr: lirlit of inrl;rirr:ticaìrle proi<*ts. '.I'he 
1>apr:r'

rlr rscri ì:cs a ncrt hytlrourill capablc ol cutt iug , usi»g stahilizirrg firrids , ;rancls to a tlepth oI 250 m and

llrt opetalion-s rr:larterl to critling autì casling of a supt:r-dcr:1> partt:l. 'l'hc 
1:irpcr also ries<:Lìlrr:s super-

rlr:,rp nrilletl c:ut-offs r:l:tirìrtod l'ith thr: altelnirle ter:huology o[ lalg«r rlianrctr]r', seùalrl ltilcrs to tk4ths >

,,.1;j{) rn. 'l'hc pt;iel rsiiÌ <L:scril>e prclitliualy anrl au<:illari,iì*livities ìx:ccssalr 10 (.1reate sur:h tt <:ut-ofi',

liirr'rli.t' the l)alltÌr: i)roposos r:xaut1;lcs ol applit:ations of tht: super-ricep cul-olls to uert Llartrs anrì to

r r:xisling tl*nrs {artl {heir abutrrtents) l,here enrpll,ing thc resenoir i.s irlpraclic:ablc and the dqrtlr

tilnir nru-*t inclutle a ìar6e par'! ol the nlrole of tlie enrb*ukmcnt

Cliot'r

y ,t sLtlter-rlcep cut-olf to 250 m rlcl>tlr is a lt:alitv. l'ìris u,oulcl ehirnge the persprx:tives ol'

rjrlrily of r{am acc:idents delives lìnur flourrriati<»r flarts, Most founclation inadequacies

penneal:ility, insufficier:l foundation strergth being tnuch less fi'equent. lJarn

itt:d »role confrunted n'itlr the need to inrl:rcr,e tlrc {ourrdatiorrs o[ lheil clams,

trxl clevelop rnctlrods and technologies resporrding to such iur issue. 'llhe rapitl

tllrus heights anri the pr'()ssure to build on nlost an1, i'ounriatiorr , olien rerluircd urore

ttx:lrrT ologies could offer

lìlcrtses <.rtt tetìuction of pr:rrtrealrility trt vely lirlge rleplhs rvith techuoìogies

;u'irtrling o)' jet-{il'outir1g. Conventional cut-olfs rvilì .iust br:.;lentioned u'lrile rer:«:nt

ttncnts atrd constructiorl of uuper-cleep cut-offs itill J:e prcsentecl in detail.
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2 EYOi.UTION OII CONCRIIT]i CUT-OITI§

2.1 Clarnshcll cut-offs

Lip to thr: carly fi{ìit:s oJ ì.ast r:<;,r'rtur1,, ol}1' reìatively shirllort r:rrt-olls l,ìr<:r'r: Possil:le. 'l'ir,'t'

rrr:rc liuilt rtitlr tipr:rr stlulled (iuts ol slulrì, lrcn<ll'rcs or sunk <:aiiisnr.:s ìrr sltr:cial cases. 'l'hc trrluir,l,

point arlivctl u'hnrr L C.0. S. ol'XIilart devclope<l lìre l;c,nlonile lìlud srìlll)oì-lctl r,:xcavaliorr ,rrr,i

star'le(l ll:e ela of niod(,,rn cor'ìclcle r:ul-ofl.s, 'l'hr: Papr.:i l:1, C. \'ndr.:r' f l ] pu]r]i.slri:rl in 195.ì, ,'i,1

tlt<: birs«:s o{'thr: ur:n, lt:chtrolog.v. 'l'lrc ear:1.t, a1»licirtions, u,ith 0.6 nt rliattretcl sc(iarit 1:i}t:s rrl {1,

ni spacittg, nert: clone at r\{aria rrl l.,ago rlirrn iblìortr,:cl bi,\ir,:nirlìu dam r)n rir<:r'\/oilurrro, lrrrlli

ltaly.

Soon a{i,:r'thc pione:r,rling nyrliìir:ations, the cont:rete. t:ut-o[I cxcavat<:rl in Lr:nlonilc rrrrr,i

l-roonling success antl tìrtlil drpths inctr:as<ìd in a ii:u'ycìiìì-rì lr'onr thc 39 ur of l'ltrria al l,ri1r I I

to the 88 ur of La \tillita (1968) to lhr: x:«»rl 130.7 rn ol t\{rrnic 3 (1913).

lìqtii1:nrcnls ancl u'orking rrtr:llrr:cl.s rrent thlorrgh a sinlilariv lalriil evoltrlior rrr

spet:ialieer.l corrtLa(:l«rls (lì01)lO, S0l,ìili\FlCIIIi, llì1,,,\il),foinetl in the t:ndcavor'. 'l'lrl

clarrrshcll rras compltrunntr,:d lry thr:Iì'trrrxld r:larnshr:lì anrl the cablr., liltirrg s1,s!enr lry lJi,'

Kcllv lioonr. CorrtmÌ and <k:-sanding of tìr«: lrr:rttonitr: nrud u,as jlrtlrxlur:ed. Plastir:

st:ll-lrarclening nnrd $,er(\ oflìÌlc(ì as altelniìlives to ligi<ì coul'elìtional corl()r'ct(:. (lriir

rcin{brcenrents anrl post-k:n**ionirrg cirl.rles rvi:rc intrrxìurxld to r,:xler:<l tlx-: unsupl}or1r,rl

in casc of exllr;sorl ivalls. Folnrecl , s<:nti-r'irtulal joints }t<,.t.u,een 1)arrr:ls l,eLe. crtrtrpl,rr

ancl scr:aped contacl joirrts.

L,imitations lil the excar,alion irr lrt:nlonite nrir<l \rere rcpr'(]sented l:y highly 1u'r't,

<:ar,itir:s prrrdur-,ing mul iosses anri hy large bouldr:rs r:xcr-.eding lhe. sizr: oI tht:

iinritaLion uas lhe itradeqrracl, oJ'thr: cxctwating tools to pcrlctlate lrarcl locl<s llrin r,,1rri

to inpruve the *orltacl panel-founclalion mck. Another lirnitation ìemairìclli lxiii*i

ii'onr tlie, r'et'tir:irÌ u,hi<:ìr <:oulil lrr-. on thc ordcr of 17o uyt to 40 - 60 ru. tlrrlr
tlepth. 'l'his c:oultl causr: tr,iudorr's lrelrvetltr arljat:rr.nl panr-.Ìs.

2,2 Milled cut-ofTs

'l'he sul:stitution ol'lhcr elunrshell rr,ith tlilling cutler rvheels rellcsorlr:{l fr

thr: inlloclur:tion <;f th<r lrr:ulonilt: mud. In earlv cii;hties of the lirsl i:trrrtrrr'-r, lì(

in'l'rt.*'i Grcup in 2005 ) in Itrly, anrì SOl,l:l'IAl\Cl-lE in ['rtlrrco rL:rir:Li1

teclrnoLogy. ln I986 a 100 rrr rlepth test panel $,a$ perfonrred liy Ro<{i,r irr {irriaii

'l'he first l'lydr:ornill u'as ap;:rlied to install tlii: tltin r:rrl-offs al Piano rlell:r ll,r:r,ir

( 1989) rthctc thr: s<:rrior ;\udrol lars in cìrargti of the detailecì <k:sigrr ,ri' tlr,r

olls rrraxinrtnr riepth tirs ir n:elcìy 15 m irrr:ìu<ling 2 nr in halrl Il1,"r,lr i

rUrl)ii(:ation of this novel ltlchrrokrgy nrultiplicrd ir.r r,ìe.w oJ fast<.rl r,l,r,rrrrr',,

l.rolt<lrn col'llit(:t,

'l'ht'l ttx:hnology spx:ad lalrirlly anrl rtrillt:d depths 1:rngrcssit,cll, irrr'r',,;r,,:rì

.5 nr of l\'lud tllountairr danr (SOt,l:l'l'ÀNClllE 1988). Differr:ntlr,[iirrrr r,

.192.



{he early hvdrtlurill equiprnent, special clevicr.rs to chec:k trntl r:olrect clevialiols in r-eal timr: rvgrc

included' Llvthomilì becanrt: the prefel'retì lr:chnologv rr4rencvel dee Ppan<:ls ha«l lo l:c cur or stiil./
rock intetiatr.:s ttcle plcscììt. Ii'or 4 tiecades the limit di:pth srrbstanlially lenririned unr:hangorl ,

and the 130 rrr lecorrì of Manic 3 (1973) and the 124,5 nr of Murì Moupìain ( lgSB )
unchailengetl.

3 SU}'ETT.I}EEPCUT.OFTS

'lhc inclustrl' hirs recentiy slrorvn that for lrycLonrills tlris is Ìlot the limit. lhe 250 nr re<:or{
,lith has been atterined and the goocl quaìity of the pirnel assessed.

llydlomiìling catr l-le done either mìIling a rcctaugulal §,ipiì(je (panel) h1,trvin, lce{ired cutrt-,r.

r,rrlls lrith horizontaì axis, or urilling a cylindrical shaft ( pile) hy a roral,\, i:ut1el Irr:arl rvitlr

AXI§,

Milted Rectangular §hafts

rls aheady mentioned, the possihilitv of steel'ing the urilling unit wae iniroduced by the

ng fionr thc Mirrttrfactulels (each one with rìiffr:r'enl devices) thus reducing rhe clevitrtioni;

lht: verticai ttl a fen'cetrlirncters only. As conections r:oukl l:e applied as the nrilliug pr,oeess

, verticality deviations l:ecaue ilnreiated to panel depth. 'l'his becour: a uniryucr

of the milling lreilcls, r'euroving an1'depth linrit inrposed I:,v dcviation finnr the ver{iciil.
j\'lrrtleln l-lydromills can cel'rect inclination iri aìì the tlrlee axis. 'I'ìre position of the nrilling

be- modifiecl in three ways, hy moving flaps ( hydraulic jacked plates, rhat can rik and

llre ft'atue in aìl direclit»rs) by tilting the niiliug dlr.rms joir.rtly or inclependortiy in opposìttr

ilud Ì.rt' adjusting separatell, lhe direction aud the ì'otation speed ol lire cutter n,hc:eìs.

llosition is controiiecÌ rvith 2 inclinorreters and a gyroscope ou boarti. A sophisticate
( l)MS DrjìÌing Mate System) allorts a real time control o{ all parameters. luclinonrr:tr:r

:o;rt: signals are ptucessecl ancl ap1:ear as offsets and augles on the operatoL's sclwrn for
i:ot'tections. With the 3D ovr:rlayr analysis it is possible to visualize at seler:tetl dcptlrs

l,risilion of contiguous panels, highiightins the overla pantì flashing alarms if specified

rrrl exceerlecl.

lrt: other means of knoning the position ol tlre {ìamer tlie slrift of the r.o1>es lrith resper:t

t:0ìi*r fraute or ecosounding the dislanr:e of tlre shaft' s rtalls fronr a given poinl. tin llr«;

ccosor.urder) .

1'r:tteration of Ìivdromills SC 200 clesigued and built by SOII-MECII in 20i I is caliab|r

clePllx. The tneetsrtrecl deviations florr the vertical , at tl.rc ):ottorn of rhc 250 nr

tlt:t'e 0.3 tn irct'<ts;s tho panel ìon6 axis, and 0.25 nr along tlrr: panel shorl axis say

li.lùalo of thc parrel rJcpth.

CircularShafts

trr,rloiSY lias been derived frour oil rlrilling and the potential deptlr crrn excc.c,d the 300

lir:al heads hon,ever rr,ork ivithout guirlarrr:r:. 'l'he necessarl, irr:proven'renl , therl

,tlrafl arr acceptable elenrent lot a sui.rer-deep seciìnt piles cur<rfl , is a ciotxriv

.793.



corrlrolled ycrli()alit),. i\ solulion rtas loulrrl n,ilh a rlirr:r:tion-r:onlrolled. srnarl<lr:ilkrd pilot hol''.

Direction-controlltrrì hoìcs altl tvlrit:allr,2()0 mnr (8"). i\t tii<: rnrl o1'r:at:h 3 rn ìong dlill rr,;l , ,

ancl the azinruth againsl tlre norlh. 'fht: ncrct'r$sru'v correr:tiotr is lherr oblainerl witlr a tlrill st

t:quipped u,ith tlol'n-tlr<:-hokl rvalt-.r Itat*ntrìr' u'itlr in<:lincd shoe. [ising {his sel up, 2tX)

diametel hoìcrs havc lier:tt perfonrtecì in haltl rrick rr'ith UCS up to 150 tr'IPa. 'l'hr: rlirr-'r:ti,rrr,rl

on<:e conrl;lctelt, tlrilk:tl , lrtlcntttrì.r tlre guirle lo thr: t:vlir:rlr:i<:al rrriì1. i\n oll'sct ol'200 rrrrir i,.;

acrcep{able lor I00 nr tleel: pilcs. I200 rrrrrr irr diarl<,rtei al 890 r::nr sltacirig. 'l'his r:ollr:slrriiiiiii

dcviatiorr on the oxler ol'0.25 0/t,. 
:

At Tflolf Creek dam (l(entucky, L,SA) using a cl,lindrical lrexrl I2?0 mnr (50")irr rii,

atrd reverse cireulalio», to ppile rig's of T'IIEYIICOS-SOI.É1';1NCI'III tlrilkxl 1120 sr:r:irrt Ji

tìl&xilnunì depth ol 84 rn cleating a crortlinuous cul-off. Against a specified deviatirrrr ,;'l'iJ,

tlrc actual <ieviation tneasuxlcl zrt the lrollorn ol aìl pilt-.s rliri rrol excr'.r':rl 
,I00 

mrn sat,0. l,ì qri;

pile length.

4 TI{E SUP}1R-I}EEI] PANII"S OT GUAI,DO

TREYI testetl tret' gcììeralion SOILMEC equipments at Gurrldo di Ronctrltr,iliiii

Gualdo panels, beside setting a trerq reconl forhychomilled r:ut-olTs, highlightrltl tlri,

hydromills to r:hscly lbllor+ rhe vel'tical , inespective oi'the cleptlr travelled.

Figure I Gualdo tcst ground aerial yiew of rvith 2 hydronrill {rir,t'ii,ir.È

4.1 Ground Profile and Characteristics

1'he geologic pmfik: of Cualdo testing grorrnrl . rir:riverl fnrrt rr ?jiii iii
are sr:rnurarized irr Tabie L and th<l Geolrer:htrnir:al chsraclr:rislir::; rrl iiii.i
surnniarized in 'l'able 2.
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'I':rl:le I Gualda lest grourd. Geologicat pxrfile.
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Itigurc 2 Gualdo [esl. grountl

4.2 Testing setup
Cores fionr the exploratory hole rlrilled prior to panct ext:rrrrlirli!

r\tGuaìtlo,2Panel-*3.2nrxl.-5rrrincrossst:crion, r50anrl 250nrdr:cr»r,r:rt:lrrir
t:orrr:rctr:d in2012 (see lr'igure 3 and ìriglurr:4). S0ll,il,l]ìC SC_i3-5 hvclrrlrrrill $,ls rr,i,'il
lirsl llaneì , SOi1.,ì\'111C SC - 200 fo' th. sr:co,rì o,c. ln 2013 <:r,tr*ì hoìcs, t: i t,rr'li.c
{ìrllou'ed. ;llÌ activities hat'r" irr'tcn trronilolr:(ì tiuti c:erlif'i+:rì l:rv thle<. Italiar Unìr.r,r.,iili,:,,;
13ologria tÌrrivcrsitv rvas ir:r'ol*r.'d in soil chara.rs-.r'izatio,, r\*corir lJ:ri'er.sitt, irr r:.rr:r..r,':
t:o'lroÌ, 1ìr.i,o ljnir,er.sit.], in r:xr)a'ittio, rr(icuìàc' .,d E+l.,eral suryr:y

Figu.e 3 Grraldo te§i grourìd. yierv of hyd.onriils sc-r35 antl sc-?(){r nlli-ril
150 m dee ppanel {bnrkground} anrl with rhc 2-50 m prnr*

'fhe nrain data of rhe rrr,o hydnrnriil unirs ar.c slrorvn in Tabrr: zr,

'fable 4 Gualclo 'fcst ground, IVIain characteri.stir ol.

Ilt:r»

ll<:ight of r::ln'ior cl.i'urr: (,n)
Cutting rlepth ( nr)

Port:r'(k\V)

tr{iììir:g r:ross strrtiorr ( rnrrr) 2 000 x.l 2i)0

sc- 13,5

230

130, - r.5i)

450, +15{)

26,s

19{,

:Haclrinr: oyr»:r1l



'l'lit tt:slittg st,rt trp ittritrtL:rl a hor{onile nrLrri plrirlrrr;liorr ririxer. ( S()ll,trll:l(j ìl},12 ) , 3 iarg,:

( rtortrinnl f]ol' talr': t:apacilt' rrJ'-50() nr1,/lr u,ilh l r:rrt priiut ro ?0 p ) r,oinpìetr:rl u,ith tlre Slll,l

ììliìinlailì a tlnil nei{ìht trl 1.2 - l - 3 t,/nr3 lrrt.l ir l.larsh r.i-*r:o-*i[r, i)(Ìt\§o()lì -ì2 s agrl 42 s.

Collt:il:{irig rt'as ttìilt.li: irt (l'o liha-*tls in I)cr:cnrlrer 20 12 lo ir,:st of lu,r, rliJI<:r-i:rrl ryix rlr:>igps

u'itlt an higli qrialit.l'plastit: t:onr:tttr'r ( I){l). l0 nrrn nraxirùur» irSBìrlìirlrì sizr,r. rrsirrs a

(.:trrrr{:)ììl llasr:rl bk':ntì. Sìltrtrli rtas s(::l nì'onll(l 22 -25 r:rn. 'i-ht: toP hall ,ri {lre llarrr:l u,rrs

rtith t:<lrlt'irttioltitl <:r:rut:rt'te litlr llrr,r tlftliliorr gi'tlrt: r,rxt:tit,aiiorr slrrr.r..i. ( l1(.1-S) ( lrrtrito,il.
I lìrrtls) lrl olttiti» lh<: s*tnt: siutllr. 'ì'hr: total r,ohirnr'- o[ rrlrtretc l)our(xl urr-. I 2li0 nrtsrr-r.9.3{Z

ol tlrt: tìrt:rix:tir:aì patrr:l voltu»r: ( l 171 rn3 ). 'l\r'o rJillì:r'r,:ut o(ilrrr(:,1(ì nrixiug pl4riIs u,r,,rr,' rrsr:rl

il.irntxtitslt,; tltc atct:iige (:olìor'(.rl() rlelir,r,.r.y rvas 80 ,trt,/li, .,\ s1l,,t.iiri casting set t\.ets rlt:signr,:rl

t:orr-slLrìr.'lrÌi lrr SOII,I,l}lU ( sr:e l,'igur:t: 4).

Figurrc 4 Guat<lo frrsf grcund, C{»lcl"sting thc 2*E() trt dfep p$nel

Curtrols and Correctlons
lll.silr: {iolrt llrr: r'cl-tica} ril 0. ?5 ltr. uoln)al lo Ilrc 1:arrr,:l }orLg irxis, u,irs rlr,:}ilrt:r.trtt:ir.

lrr:lii't:rt-rt1 85 tn arrd I15 rn of rlcl;lìr tri fu:rst thr:: i:r)rrrr:Iion crìlu]];lii-\' ol'tht: urillilipl rrnil

rr':ts i:r)rt!rrlt:rl itr thc Iìl]ìoiting 30 nr o{ cxrlalirliou. 'l-lrc ntirxirrrrrrn oJl.strl nreiìstrrcrl rll

0.25 In aLlrtg tlrc sl'rot'l axis airrl 0.30 nr iìl(rng tht: kuru lxis. '1'Ìrr: xrta{ior algrrg {[r:
i:, tlirs alrt':tt's lt:-*s than 2n. liigulr'--.5 1:mvirlcs tlrt: profìlr: ol thc panr:l ',* u,alls llon.!ì shor.t

]" ) irs locor(lt::tl rlith rhe lJSl'l sr'-.ti:nr. 'l'lrr: l)\iS st-{t{Ìln rici,ialitirr rlala u,r:r.r: r:tlrlir.rrt:<i

l(()l)ì:lN (ìc{)sourr(it:rr' ( u1r lo 100 nr rfu:ptir ) anrl rucir-*urinq Ilrrr shi{i trl llrr,, i:al ì,,:s

Ir,: li'rn*:.

.1 llrc itt:1utì parrr:ì prolìlc arrrl the r:on(r'()t(r. (llralily ìrar,r: lrccu t:lrccktrl rvith a ?-5 I rrr

,'illillr:rl t:outiurrrrrs t:rlling holr.i. usiug a r.ìirr,:r,{.irlrr-cònlrojkrrl rir.il}ing l<,rr:huoì.gr.
'l'lìli\Jl. 'l'lic <ìr'iliing Itas lrr':en ililr:r'tcrl lo louch lror)r ìorrg: sirlt:s <ii llrr,: l:arrt:l iret,rvr,:or

.1e1.



(t5 ;r arrrl $-5 11 ,r; N,rrtlr JIt:4 lnrl lrr:ltr,<l<:n 193 ur atr<l 20-5 rtr ort St.rtrlìr frtr:r: ( l;'igtrrr: 5 ).

rrr anrl 22-5 rn.
lI\ kft'n{nrl

-l-:o - l.oo o_s0-ù.so

-2ù-m

{(,.00

-Iil.lt(,

-§o.fiì

l?0.00

-l{o.00

- I (il {x,

-.laD Dù

,.1ttì rx!

-ìlu rll

){{[t,

Lrig*re -5 (ìual<lo tcst gr$nsd' 'firc pro{ile of the 2-50 nr tlct' ;4rrtru:l

tlrc impo§{rd tletlatitur Ét alrorrt 90 nr aud tlte rccovcr.Y ol' rtrltir.'iiiii.!:

lo enrl uprritlt an olfset of oril.y 0.24 nr. 'l'he red lincs llrark th(t parx:l Ir'rrfligi

DI\'IS sr-stenr, 'l'he trluc line sho'rvs the pàth of tho .§,u:r

rlirection-controlled hok: inttlsecliug thc panr:l l'itrt:+

tligurc 6 Grraldo test groutrd. 'l)re tot'es exlnr«{crl Iirriti

panel rrf (i8 -69 rn depth. 'l)rc flat face ol'lhr pttrttrl is

rvhile half ofl thc cnle is lht kx:al rrti:li

4, rl Concrete quality
,l'lre 250 in o[ (:{».{} rr,,trr: ilnlivzr.:(ì Jirr. c,rlltr:r.r,,lr:. rilrirlilr, *.itli ,

.798.
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0 0.4 (r8 1.2 1.6 2n

-r 10,0 -224.0

Irigurc ? Gualdo tc§t ground. Actual position of'the penrl with rcspecl to {hc vel.firal (dottetl ii:rc}
at different dtpths. At-l 10 rn the uraxirnum inrposetl offbet. fhe §ìack $ot is

the s§lart-drilled eheck holc. The blue dot is the second srtrart0drilled r]recl( hoi{}

Figste I Guaklo tsst groutrd. AÈ intact cote sho*ing the qrality of the p*ucl' s colcrele

), u,ith a 'souir: log' lia,*ed ou lJ,u,avr,:s telocilv anil *,ith lairorator-r,tr:..ls

tt-rsls tlt:te r:itltietl olrl otì a rlisr:r'r::te rttrnrl>cl o{ r:olr: -*pcr.:ilrrerrs agt:tl 1ìrlrr l(r0 to
llesults arc sununarir.ed in Tahle 5.

Table 5 Gualdo Test Ground. lìesulls of check tosts 611 250 nr dce ppanel

i)r:r:ut:ai>i I il r'

( r:ttrr"s )

2 x J{) r

3xl0 §

2 x l0'r

5xl() ''

Cornpn:s,*irr: [.; \(.ì.

litt, t:ticfficir:rrl dr:<:re;rst:s n'ith linr<r

ll()HlzoN

lxrssiÌ:iliti' o1't:xr:at,alirig ttu<ì r:orrr::r:lirrg r:ontirrrrous {-roucr'i.ti:r r:trl-olli lo rlcpllt-r

[:nit il']ass

( /crui )

li,u

( lll)a)

iì \'(:ì fi r l{(ì 2.0r 5,3 r

Strr:ngtli ( i )
( tril']a )

7q4

llìiixitìluilÌ I ()O 6,4

) (t? 41{)lll'llì, ù}ll]11

iì\'efage l,9l 4 .59 594

2,04 6 37ÙìÌl\lìlìurìt

lrìinrfiìtuìt t01 2,38

'19()

iitll of

.i i:

: l,:ì llì

rri



uplo 250 t» ( ()r' rrtore tlillr lltr-r sr:ranl lriir:-* lc:r.:lrrrologv ) , olrcr.s 1o dt:sigrrcls rurrl llrilrlt:r':l

ru ttllr«t<:r:r lr:n t t,:tl <t1t1:rrr r1 rr n i t i r:s.

Jri lhe lilst plit<:<,:, rl*rtisitr:.* rr'hi<.'h har,r,r rtol i.rccrr r:<lnsidt:rt-,il s<i lirr', rlrrr: to lh<Ì (-'\r:,'r;rlri,

{ltitkrlr:.-q* ol ii:tl alltrtiirl rlrl:osils ( 41r1,1111,,* ir) q:rr:c.ss ol' 120 rrr <:r' so) . ilo llr,:r:,rnri: cxPìoitrrlrlir,

t'or:lts, kat'-rlifitxl rrl<,ks Ic)o, r:ittt lrr: st'.air.;rì. (,r:1l1al r:ol'(ì rìs \\,gl] às gl.rslr-r:ripr] r|-.r.,]< rlaprs:rr',,

Ilcsl -cuitt:tl scltctttcs Io l,li: trrrrPlrxl trt a rìcr:yr r:rrl-o{J irrlcrt:e1:tirrg Iì:urrrliition rlcl:osils oi r:r,

1:i-.rnrcalri.lilr, arìong lhc scìrr:rues ol l;'igr.ur 9-

ts

Figurc 9 Super'-dtcp cut"ofl'§ I'rr ceutral col'e or upstrearrr drclt drrxrs unlil lotlay unlì:*r,iiriii

Ilxi-.ting ìarge ottl:arrkttrett{ tlatrrs, <:ot-rsidetetl lti possrìss nrarginal safttly rrl.rririri

(danrs al ri-sk), ,t'1,,,.r) lr:set'r,oit'rtrttxinrirur 11'111gy']gvcl has lxlt:rr linritr.:rl to a llrrr.li,rrr ,,!

rltlt:;: rrtrl-oll citn in lìir:t l;c installr:rl ir(:r1)ss tllc r.:rlbanknrr,rrrl antl still cptc.r'srrlrslrrrrli;rl

Lrlrilcllving lr(:)'viourì {ìrurrrlalir:n along tlrc sr:lxlrir.: ol lìiiìult: I0. \\rrrl{'(lrt:ck rlrrrrr i., ,r iir
oi'tìri-* r',,,tv tr'1xr o{'r'elìrririshtrr:nt. \\iith llrt: pr'r;r.iso ol a tirrrc}y rliirgnosis, 'lì,t,ii

sàtrtxl l{)da\'ir'ith l}rr: instal.lation tcloss lhe err}tl»klrr:r'rl ol'a.srrpr:r'-dt.<'ir r.rrt ,rii

strlJ'ir:it:nl tli-clatrr:c lhe.jointr.:tl lìurrrdaliorr rur:k. .,\rr orrlstancling cìNitnrl)l(Ì ol llril
il'lostrl tllitr irr lracl , l30 nr high untìcllinr,rrl hv > l00 nr oi p(:rì'\,ir)rìli, solrrlr!r:;rrr,l

Iìgut'c l0 §rrper-deep cut-offs lo inrpruve pr{,,)l{eitri{ii, ..

tlations of existing rlanrs rvorl<ing tì.onr crr$t. ()r' lrr::l.r:i.ii+i.

I;'irraìll cxistirrp; rlilrrs ol lrrv heiglil l,ìtlr irrarJrlquiìlr.: c:r,.rr1r.;rl \rirt(,r'11,.r

h1'tlrt 1ìa<:'trrling r.rl'llre {Ìr)le, (:rrir lx: r'r,'lì.rr-irislicrl lrl,irrstaìlirrll ir n(:\\ li,rf,rrr

;rlastir:) alorrg llr<.r si:hr..rnc ol li'igrrre ll, lìigii rlarrrs ( > l5(l rrr ) ri,iri,

{:orì(:ì'(Ìl{Ì t:t)r't:s antl oIh<rl c]iurrs til sirniial t:orrt:r:ptirln lirll irr tlris 1qr,rrr1i

ec

Aòs

' B(X) .



Tigure I l §uper-deep cut-offs tu improve the rvaterprooffsg zone of tlre dam
iuodern clesìgn of high tlarns or of dams rvith large reservoir ca;:acities ( for lrhich rlarv-dorvlr

rlot àtl opliou), fitrtn tlorl' ot'r shoul<i inclutle, as a tlam safetv pruvision, thr.: space filr a
ìrraliate u'alel'proofirtg ( sul:er-rle<1: cut-off ) to br: inselted in ir ;lopcr' posili<irr, shoul<ì irnv

devclo Ptluring rhe life of tìre stlucture.

Iìefcrcnces

i C' Verìer'-'Ptor:crlé do cotrstrut{iotr <lc diaphrzgmr:-" iu:irer:nea}rlcs ir 6ranrlc prgfoldeur. irp r»o1,eìr rìc lio,s
tixotroPiclues'-lll lur. Cangress on Soil À'lechanics anrl Iìbrrndalion, Zru-iclr, 19S3.

l, {.1. O,5-l,a I. C.0. S^ nci ì.,avori nel fult.suoìo-i*ter.,al p.blicati., l96g_
ll' Caruso, I\'i. Panciili -'La l)iga tli Malia rrl ì-ago. Sbarranx:uro Set:onrlario in Matr+rjalrr Sci.ltr> rlr:l
sllhatoio dell* lredaia'-lìivrsta ltaliarra rìi Georecnit:a u. 5, 1957.

l)';\' lJruce, B, lle Paoli , C' Mascarrli , lì. Ìllongil.rrli- "ì\{onirui,g arrrl Qualit' Conrrnl of a 100 nrett-.r.

rl'rìI} I)iaphI:rgnr \Iiall", Ittterrtaliottal Conlererrce orr Piling anrl llcep li'ouurlations, l.,ontlon. 19g9.
1.,' ììt-*si tli ct:n'ia-'llistorry oi siurrv \\iall conslrur:tion'rronr slurry \\iall1 ì)esign, L-r:rrrstrrrr:rion ancl

Cr.irrrrol , .4§1M SU)l 129, Philade\.rbia, lg9l.
Ilisernl, l'- Se»rhtlnelli, lì. !)' l-ulra-' Porttalla,s Continuas eu Cr»rcrcto cortatlas c,on ÌJi<lrcfi.c.*a' ,

Congrc-*s on Soil r\{r:chalrics, V6xurru.4,,, 240,
' ì\{aking it Safs ' -\ri/ate r. Por'.r arrrì l)anr Co,struction , \iol. 65 , No, 5 , ?0 I 3

SiirPi, [,. I]edlìrrrl, F. Santillan-'rl nerv cnt-ofl'rlaìl ftrr the- re]rahilitarìon of !(rolf Cr.eek l)anr,-lX
Iilrqrcan Clrrb Synrposium, \re»ice, 2013.

. 801 -


