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R a p p o r t d e  I’a n im a te u r  

D is c u s s io n  le a d e r ’s  re p o r t

P. DUPEUBLE, Entreprise BACHY, Levallois-Perret, France

La sess i on t ec hni que 20 " Par oi s  moul ees "  a et e 
or gani see aut our  de 3 t hemes  pr i nc i paux  :

-  Theme n°  1 : New dev el opment s  f or  Di aphr agm
Wal l  f i l l i ng mat er i al s  
Nouveaux  dev el oppement s  dans l e 
domai ne des mat er i aux  de r empl i s -  
sage des par oi s  moul ees

-  Theme n°  2 : Out s t andi ng ut i l i z at i ons  of  Di aph ­
r agm Wal l s
Exempl es  d *u t i 1 i sat i on mar quant e 
des par oi s  moul ees

-  Theme n°  3 : Pr esent  s t at e and new t r ends i n
Rot ar y  Cut t er  -  Di aphr agm Wal l  
Cons t r uc t i on Technol ogy  
Et at  ac t uel  et  t endances  nouvel -  
l es dans l e domai ne des Haveuses  
d e par oi .

Un t heme s uppl ement ai r e : -  Exc avat i ng Fl ui ds  
f or  Di aphr agm Wal l  Cons t r uc t i on,  -  Fl ui des  de 
per f or at i on pour  par oi s  moul ees ,  est  venu t out  
nat ur e) l ement  compl et er  l e pr ogr amme de l a s es ­
s i on auquel  i l  f aut  r aj out er  deux  i nt er vent i ons  
annexes  egal ement  l i ees a des pr obl emes  de c ons ­
t r uc t i on des par oi s  moul ees ,  soi t  au t ot al  di x 
c ont r i but i ons  or al es.

THEME N°  1

Les t r avaux  du Pr of es seur  Y0SHI 0 OHNE ( AI CHI  
I ns t i t ut e of  Tec hnol ogy  -  JAPON) ,  i nt er venant  
i nv i t e,  s ' i nsc r i vent  dans  l e cadr e pl us gener al  
de l a r ec her che et  mi se au poi nt  de mat er i aux  
de r empl i ss age pour  l a r eal i s at i on de coupur e 
d ' et anc hei t e par  par oi  moul ee.  Tout e i nc l us i on 
r i gi de pl acee au sei n d ’ un mass i f  def or mabl e 
peut  engendr er  des conc ent r at i ons  de cont r ai nt e.  
Le mat er i au de r empl i ssage i deal  pour  une par oi  
d' et anchei t e est  done cel ui  qui  pr esent e,  out r e 
l es c ar ac t er i s t i ques  de per meabi l i t e et  de pe-  
r enni t e phy s i c o- c hi mi que s at i s f a i s ant es , des 
car ac t er i s t i ques  mecani ques  voi s i nes  de cel l es 
du t er r ai n de f ondat i on.

Ce mat er i au doi t  done avoi r  des modul es  d ' e-  
l as t i c i t e i ns t ant anes  et  di f f er es  de l ' or dr e de 
ceux du t er r ai n meubl e encai ss ant  et  un pot en-  
t i el  de def or mat i on sans r upt ur e de l ' or dr e de 
pl us i eur s  %.

Cet t e r echer che d' un mat er i au pr esent ant  un 
compor t ement  pl as t i que avec ou sans ec r oui ss age 
avai t  et e f ai t e pr i nc i pa l ement , en par t i cul i er  
par  l es spec i al i s t es  Eur opeens ,  dans l e sens de 
bet ons  de gr anul omet r i e f i ne cont i nue dont  l a 
mat r i ce est  cons t i t ut e d' un coul i s  bi nai r e ou

t er nai r e c i ment ,  ar gi l e,  bent oni t e.
L ' o r  i  g i  n a 1 i  t  e du Pr of ess eur  Y0SHI 0 OHNE et  de 

son equi pe est  d' avoi r  r echer che et  ut i l i se un 
l i ant  hydr oc ar bone pour  l a r eal i s at i on d' un be ­
t on asphal t i que.  Son mer i t e est  d' avoi r  r eussi  
a met t r e au poi nt  l a t ec hnol ogi e de mi se en pl a ­
ce de ce bet on sous boue bent oni t i que a une t em­
per at ur e l ar gement  super i eur e ( 150°  C env i r on)  
au poi nt  d ' ebul l i t i on de l ' eau du f l ui de d ' ex c a ­
vat i on et  d' av oi r  r esol u l e pr obl eme de 1 ' execu­
t i on des j oi nt s  ent r e panneaux.

La r eal i sat i on ef f ec t i ve de pl us i eur s  coupur es  
et anches  demont r e que l e pr ocede a at t ei nt ,  du 
poi nt  de vue t echni que,  l e s t ade i ndus t r i el .  La 
ques t i on de l ' expul s i on dans l e t emps de cer ­
t ai ns compos ant s  hy dr ocar bones  mer i t e cer t ai ne-  
ment  d' et r e appr of ondi e sous l e doubl e aspect  du 
v i e i 11i ssement  du mat er i au et ,  dans l e cas de 
r eser voi r s  d' eau pot abl e,  des r i sques l i es a l a 
l i ber at i on d' ev ent uel s  el ement s  noci f s .

L 1ut i I i s at i on d' un bet on de f i br es  met al l i ques  
pour  l e bet onnage d' une par oi  moul ee c i r cul ai r e 
de sout enement ,  pr esent ee par  Mr  M.  BUSTAMANTE 
( Labor at oi r e Cent r al  des Pont s  & Chaussees  -  
PARI S -  FRANCE)  cons t i t ue une ex t ens i on au do ­
mai ne de l a par oi  d' une t echnol ogi e mi se au 
poi nt  a l ' or i gi ne pour  l a r eal i s at i on de dal l a-  
ges i ndus t r i el s .

Le bet on de f i br es avai t  dej a t r ouve une ap ­
pl i c at i on pour  l a r eal i s at i on des pi eux  a l a 
t ar i er e c r euse t r avai l l ant  es 9ent i e11ement  a l a 
compr ess i on.  I I  appor t e dans ce cas une sol ut i on 
al t er nat i v e i nt er essant e a l a mi se en pl ace,  
t ouj our s  del i cat e sur  une cer t ai ne haut eur ,  
d' une ar mat ur e t r adi t i onne11e des t i nee a sat i s -  
f ai r e un t aux de f er r ai l l age r egl ement ai r e.

Dans l e cas gener al  des par oi s  moul ees  de 
s t r uc t ur e i l  ne peut  et r e ques t i on,  en l ' et at  
ac t uel  de nos connai s sances  , d' env i s ager  l a 
suppr ess i on,  meme par t i el l e,  des ac i er s  de r en-  
f or cement  par  1 ' u t i 1i sat i on d' un bet on de f i br es.  
Par  cont r e,  et  c ' est  l a que l es essai s  exposes  
par  Mr  BUSTAMANTE pr ennent  t out  l eur  i nt er et ,  l e 
bet on de f i br es,  en as soc i at i on avec un f er r ai l ­
l age t r adi t i onne 1 , pour r a peut - et r e per met t r e 
un compor t ement  mei l l eur  du bet on dans sa masse,  
a l a t r ac t i on,  et  par  sui t e une amel i or at i on des 
condi t i ons  de f i ssur at i on.

Par  ai l l eur s ,  1 ' appl i cat i on au cas des par oi s  
moul ees  c i r c ul ai r es  de di amet r e f ai bl e a moyen 
t r avai l l ant  es s ent i e11ement  en c ompr es s i on est  
par t i c u1 i er ement  i nt er essant e.  El l e per met  l a 
suppr ess i on de t out  f er r ai l l age t r adi t i onnel  
t out  en appor t ant  un el ement  de secur i t e appr e ­
c i abl e en cas d ' i r r egu1 ar i t e geomet r i que ou de 
char gemen t .
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THEME N°  2

La r eal i sat i on d' un ensembl e de f ondat i ons  l our * *  
des,  dont  l es descent es  de char ge uni t ai r es  peu-  
vent  at t ei ndr e 77 MN , au moy en d 1 el ement s  de 
par oi ,  pr esent ee par  l e Pr of es s eur  SCHLOSSER 
( Ter r asol  Geot echni c al  Consul t i ng Engi neer  -  
PARI S,  FRANCE) ,  i nt er venant  i nv i t e,  r ej oi nt  
egal ement  l e t heme n°  3,  1 ' excavat i on des pa-  
r oi s moul ees  ayant  et e r eal i see avec des Haveu-  
ses de Par oi .  Le t er r ai n s i t ue au- des sus  du 
ni veau de f ondat i on,  a nec ess i t e un t r ai t ement  
par  i nj ec t i on de f acon a pal l i er  l es des or dr es  
pr ovoques  par  d' anc i ennes  expl o i t at i ons  de 
c ar r i e r e .

Ce t r ai t ement  a per mi s ,  non seul ement  de l i ­
mi t er  l es i nc i dences  ul t er i eur es  sur  l ' ouv r age 
des dec ompr es s i ons  cons t at ees  dans l es t er r ai ns  
de couver t ur e,  mai s  de r eal i ser  l es t r avaux  de 
f ondat i on eux - memes  sans r i sque de per t e t ot al e 
de l a boue d' ex cav at i on en cour s  d ' execut i on.

On r et r ouve l a un pr obl eme cor omun a 1 ' excava­
t i on de t out e par oi  moul ee quel l e que soi t  l a 
t echnol ogi e ut i l i s£e mai s  qui  pr end une i mpor ­
t ance t out e par t i c ul i er e dans  l e cas de ^ u t i ­
l i sat i on des Hav eus es  de par oi  en r ai son des 
vol umes  et  debi t s  de boue i ns t ant anes  neces sai -  
r es,  de l a v i t es se d' av anc ement  et  des gr andes  
di mens i ons  de l a machi ne.

La par oi  moul ee d' £t anc hei t e r eal i see a pl us de 
60 m de pr of ondeur  max i mal e dans  un t er r ai n al -  
l uv i onnai r e cons t i t ue,  sur  un pour c ent age i m­
por t ant  de l a haut eur ,  par  des empi l ement s  de 
bl ocs de r ocher  dur  de t out es di mens i ons ,  s ' i ns-  
c r i t  par mi  l es quel ques  ouv r ages  l es pl us di f f i -  
c i l es  execut es  dans l e monde a ce j our .

Cet t e coupur e et anche pr es ent ee par  Mr  M.  
GANDAI S ( Ent r epr i se BACHY,  Lev al l o i s - Per r et , 
Fr ance)  a et e r eal i see avec une t ec hnol ogi e 
d' ex c av at i on du meme t ype que cel l e adopt ee 
pour  l a c ons t r uc t i on de l a par oi  moul ee du bar ­
r age de NEW WADDELL -  ARI ZONA ( U. S. A. )  en par -  
t i cul i er  dans l a f al ai se d' andes i t e de l a r i ve 
gauche.  Ces deux exempl es  r ecent s  demont r ent  l a 
f ai sabi l i t e de l a par oi  moul ee dans des c ondi ­
t i ons ex t r emes  de di f f i cul t e.

On peut  r egr et t er  que l e pr oj et eur  ai t  opt e,  
comme mat er i au de bet onnage de l a par oi ,  pour  
un bet on r i gi de dont  l a r es i s t anc e a l a c ompr es ­
s i on s i mpl e i nt er di s ai t  l a r eal i sat i on des j oi nt s  
ent r e l es panneaux  en venant  r emor dr e avec l a 
benne d' ex cav at i on pour  1 ' execut i on des panneaux  
secondai r es ,  sur  l e bet on des panneaux  pr i mai r es  
encadr ant .  Mai s  on peut  Egal ement  se demander  si ,  
compt e t enu de 1' het er ogen£i t e exc ept i onnel l e 
du t er r ai n de f ondat i on,  l ' obl i gat i on d' ut i l i s er  
l a met hode c l ass i que du t ube- j oi nt  n' a pas et e 
f i nal ement  un el ement  pos i t i f  pour  l a condui t e 
de l ’ ex cav at i on per met t ant  l e gui dage de l a ben ­
ne l or s de l ' execut i on d' un panneau, dans l e 
vol ume v i de ai ns i  r eser ve en ex t r emi t e du pan ­
neau pr ec edent .

THEME N ° 3

Les cont r i but i ons  de Mr  E.  STOTZER ( BAUER Spe-  
z i al t i ef bau -  SCHROBENHAUSEN, FRG) , i nt er venant  
i nv i t e,  et  de Mr  M.  GUI LLAUD ( Ent r epr i s e SOLE-  
TANCHE,  NANTERRE,  FRANCE)  per met t ent  de f ai r e 
un poi nt  de l ' et at  ac t uel  de l a t ec hnol ogi e d ' ex ­
c av at i on des par oi s  moul ees  au moyen de Haveus es  
a evac uat i on cont i nue des debl ai s  de per f or at i on 
par  c i r c ul at i on i nver se,  et  des evol ut i ons  en 
cour s  de ces mat er i el s .

A cet t e occas i on,  i l  est  i nt er essant  d' es-  
qui ss er  un bi l an sc hemat i que de 1 ' u t i 1 i sat i on 
de ces mac hi nes  con^ ues  et  devel oppees  dans l e 
but  d' et endr e l e domai ne d ' app 1 i cat i on des pa ­
r oi s  moul ees  t ant  du poi nt  de vue t echni que 
q u ' ec onomi que .

Pr of ondeur

-  Pos s i bi l i t y  de r eal i s er  des par oi s  t r es pr o-  
f ondes dans des condi t i ons  ec onomi ques  sat i s -  
f ai sant es  en r ai son de 1 ' evacuat i on en cont i nu 
des debl ai s  d' excav at i on.

-  Nec ess i t e de mesur e pr ec i se de l a pos i t i on 
r eel l e de l a machi ne au cour s de 1 ' excavat i on 
pour  un cont r ol e cont i nu et  une cor r ec t i on 
ev ent uel l e de l a t r aj ec t oi r e.

Cet t e ex i genc e est  egal ement  f ondament al e pouz 
pouvoi r  r eal i ser  l es j oi nt s  ent r e panneaux  en 
venant  r emor dr e sur  l e bet on du panneau pr ec e ­
dent .

Si  des pr ogr es  dans ce domai ne des mesur es  ont  
et e r eal i ses ,  i l  r es t e encor e beaucoup a f ai r e 
pour  cont r ol er  ef f ec t i vement  l es dev i at i ons  en 
r ot at i on non det ec t abl es  par  l es i nc l i nomet r es  
habi t uel l ement  ut i l i ses .

Nat ur e des t er r ai ns

-  Poss i bi l i t y  de penet r er  cour amment  dans  des 
t er r ai ns  de r es i s t ance mec ani que pl us  el evee 
qu' avec  l es equi pement s  c l ass i ques  d' ex cav at i on 
a l a benne .

Cet t e poss i bi l i t y  nec es s i t e d' et r e pr ec i see 
par  l es r emar ques  sui vant es  :

-  l es val eur s  de r es i s t anc e a l a c ompr es s i on 
s i mpl e des r oches pouvant  et r e exc avees  dans 
des condi t i ons  nor mal es  de cout  et  de del ai ,  
avec l es out i l s  de coupe c ommer c i a l ement  u t i l i ­
ses a l ' heur e ac t uel l e,  sont  pl us voi s i nes  de 
60 a 70 MPa que des 100 a 120 MPa annonces  par -  
f oi s par  l es u t i 1i s a t eur s . Pour  appr ocher  ces 
der ni er es  val eur s  i l  f aut  se t our ner  ver s l es 
out i l s  de coupe di amant es  avec l es i nc i dences  
economi ques  cor r espondant es .

-  l a pr esence de bl ocs dur s dans un t er r ai n 
coher ent  ou l a r es i s t anc e de l a mat r i c e est  i n-  
suf f i sant e pour  l es mai nt eni r  sol i dement  en 
pl ace de f acon a per met t r e l eur  des t r uc t i on,  ou 
dans un t er r ai n a 11uv i onnai r e het er ogene,  ne 
per met  pas r ai s onnabl ement  1' u t i 1 i sat i on des 
machi nes  de havage.

Les di spos i t i f s  or i gi naux  pr esent es  par  Mr  
STOTZER per met t ent  cependant  de br oyer  des ga-  
l et s appr oc hant  20 cm.

-  A l ' aut r e ex t r emi t e de l ' echel l e des dur et es ,  
l es t er r ai ns  col l ant s  t el s que l es ar gi l es  mol -  
l es cons t i t uent  un mat er i au par t i c u1i er ement  
r ebel l e a l a t echni que du havage en r ai son de 
son apt i t ude a enr ober  de f acon t enace l es ou ­
t i l s  de c oupe .

-  L ' ut i  1 i sat i on des haveus es  dans  l es t er r ai ns  
gr anul ai r es  compor t ant  une f r ac t i on i mpor t ant e 
dans l e domai ne des s i l t s  et  des ar gi l es ,  ou 
dans l es t er r ai ns  f ai bl ement  coher ent s  suscep-
t  i b l es de se del i t er  en cour s  du pr oces sus  d ' ex ­
cavat i on,  peut  se t r ouver  r api dement  l i mi t ee par  
l es di f f i cul t es  r encont r ees  pour  debar r as ser  l a 
boue de f or age de cet t e f r ac t i on f i ne en s us pen ­
s i on.

Les i ns t al l at i ons  usuel l es  de t r ai t ement  de 
l a boue ne per met t ent  pas d' ex t r ai r e ces ul t r a
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f i ns.  I I  f aut  pour  cel a ut i l i ser  des equi pement s  
beaucoup pl us compl ex es  de c ent r i f ugeage di f f i -  
c i l ement  c ompat i bl es  avec une expl oi t at i on cou-  
r ant e et ,  en t out  cas,  gr evant  consi der abl er aent  
l e f onet i onnement . Par  sui t e,  pl us ou moi ns  r a-  
pi dement  1 ' augment at i on de l a t eneur  de l a boue 
en el ement s  t r es f i ns condui t  a r ej et er  cet t e 
der ni er e avec l es pr obl emes  cor r es pondant s  d' e-  
vacuat i on ( i mpact  sur  1' env i r onnement ) et  de 
cout  ( f our ni t ur es ,  t r anspor t ,  mi se en depot ) .

Evol ut i on et  devel oppement s  en cour s

On peut  conc l ur e des deux  i nt er v ent i ons  sur  l a 
ques t i on des haveuses  a une evol ut i on et  un de-  
vel oppement  des mac hi nes  dans deux  di r ec t i ons  :

-  une cour se au gi gant i s me ( pr of ondeur ,  epai s -  
seur )  pr ovoquee par  l es pr oj et s  c ons i der abl es  
l ances au JAPON.  Tr oi s  super  mac hi nes  se pr epa ­
r ent  pour  se di s put er  un mar che pour  l e moment  
geogr aphi quement  l ocal i se.  I I  en r esul t er a t r es 
cer t ai nement  des av ancees  dans l e domai ne de
11 aut omat i s at i on et  sur t out  du cont r ol e et  de 
l a c or r ec t i on des t r aj ec t oi r es  mai s  on peut  
et r e dubi t at i f  quant  aux ex t ens i ons  des ut i l i ­
s at i ons  pos s i bl es  de t el l es  mac hi nes  ex cept i on-  
ne11e s .

-  1 ' e l ar gi s sement  du domai ne d ' app 1 i cat i on 
des haveus es  a des r oches  de r es i s t ance a l a 
compr es s i on t r es au- del a des val eur s  economi que-  
ment  abor dabl es  a l ' heur e ac t uel l e.  L' adapt a-  
t i on aux machi nes  de havage pr esent ee par  Mr  
STOTZER,  des t ec hnol ogi es  ut i l i s ees  pour  l es 
t unnel i er s  mont r e que l es 150 MPa sont  d' or es
et  dej a une r eal i t e qu' i l  est  poss i bl e de pr en ­
dr e en compt e dans l es pr oj et s  f ut ur s.

Mai s en f ace de ces per spec t i ves  pr esque f ut u-  
r i s t es  l a cont r i but i on de Mr  GANDAI S nous  r ame-  
ne a des r eal i t es  pl us t er r e a t er r e.  I I  n' au-  
r ai t  j amai s  et e pos s i bl e de r eal i ser  l a coupur e 
et anche qu' i l  a pr esent ee avec  une mac hi ne de 
havage auss i  pui ss anc e et  el abor ee soi t - el l e 
dans l ' et at  ac t uel  de nos c onna i s s anc es .

Le mat er i el  c l ass i que d' ex ec ut i on des par oi s
-  bennes  et  t r epans  de poi ds  et  de f or me di ver -  
ses -  r es t e pour  l e moment  i r r empl agabl e pour  
l a r eal i sat i on de par oi  dans  des t er r ai ns  al l u-  
v i onnai r es ,  eboul i s  de pent e,  et c . compor t ant  
des bl ocs  de t out es di mens i ons .

L' exc av at i on dans l es t er r ai ns  s i l t eux ,  s i l t o-  
ar gi l eux  ou ar gi l eux  avec un mat er i el  benne 
per met  de r esoudr e sans pr obl eme maj eur  l es 
phenomenes  d 1 enr i c hi s sement  de l a boue en e l e ­
ment s  ul t r a f i ns.

Comme dans t out  domai ne i l  n' ex i s t e pas de s o ­
l ut i on uni que per met t ant  de couv r i r  t out  l ' e-  
vent ai l  des cas qui  peuvent  se pr esent er .

Par oi s  pr of ondes ,  chant i er s  de par oi  de gr an ­
de i mpor t ance,  r ocher  ( j us qu’ a une cer t ai ne 
l i mi t e de dur et e)  c ons t i t uent  l e domai ne d' ap-  
pl i cat i on nat ur el  des machi nes  de havage.

Chant i er s  d ' i mpor t anc e moyenne,  t er r ai ns  he ­
t er ogenes a bl ocs,  ar gi l es  mol l es ,  t er r ai ns  
s i 1 t o- ar gi 1e u x , r es t ent  encor e pour  l e moment  
l ' apanage des t echni ques  t r ad i t i onne11es d' exe-  
cut  i on de pa r o i .

r ac t er i s t i ques  des boues bent oni t i ques  t ant  du 
poi nt  de vue r heol ogi que que de l eur  compor t e-  
ment  dans l ' ex c av at i on el l e- meme au cour s  du 
f or age,  ne sont  pas de nat ur es  di f f er ent es .

La t r es cour t e i nt er v ent i on de Mr  GASHMAN ( U. K. )  
a l e mer i t e de r appel er  l e dev e1oppement  act uel  
par a11e 1ement  a l a boue bent oni t i que t r es gene-  
r al ement  ut i l i see j usqu' a ce j our  pour  l ' ex c a ­
vat i on des par oi s ,  de f l ui des  de per f or at i on a 
base de pol ymer es ,  beauc oup pl us cour ant s ,  pour  
l e moment ,  en boue dy nami que qu' en boue s t at i -  
que .

Le dev e1oppement  des machi nes  de havage a 
condui t  l e spec i al i s t e a ex ami ner  de pl us pr es 
1' app1i c at i on a l ' ex ecut i on des par oi s  moul ees  
d' un f l ui de de per f or at i on cant onne j us qu' al or s  
a l ' i ndus t r i e du f or age.  L' ev ol ut i on a l a bai s -  
se du pr i x  des pol ymer es  a l ar gement  cont r i bue 
a ce f eexamen.

L ' ut i  1 i sat i on des boues  a base de pol ymer es  
en r empl acement  des boues  bent oni t i ques  est  
pr omet t eus e mai s  est  l oi n de cons t i t uer  pour  l e 
moment  une sol ut i on un i v er s e11ement  appl i cabl e.  
Chaque cas doi t  et r e abor de comme un cas par t i -  
cul i er  en f onc t i on de l a gr anul omet r i e du t er ­
r ai n,  sa t eneur  en el ement s  f i ns,  sa per meabi -  
1 i  t  e , et c .

Mai s  1 ' exper i ence acqui se sur  un cer t ai n nom-  
br e de chant i er s  est  pr omet t eus e en par t i cul i er  
du poi nt  de vue economi que.

CONTRI BUTI ONS DI VERSES

L 1 i nt er vent  i on de Mr  D.  COUMOULOS ( CASTOR -  
ATHENS -  GREECE)  v i ent  conf or t er  et  compl et er  
l es obs er v at i ons  f ai t es  sur  nombr e de chant i er s  
quant  a l a qual i t e des j oi nt s  de par oi  obt enus  
dans l e cas des par oi s  pl as t i ques  en venant  r e-  
mor dr e avec l a benne sur  l e mat er i au du panneau 
pr ec edemment  execut e.  On peut  esper er  que l a 
quant i f i c at i on de ces obser vat i ons  par  l es es-  
sai s de per meabi l i t e r eal i ses  cont r i buer a a 
conf or t er  l es pr oj et eur s  sur  l a val i d i t e d ' une 
t el l e sol ut i on.

Le di s pos i t i f  pr ov i s oi r e de sout enement  pr es en ­
t e par  l e Pr of ess eur  MATOS FERNANDES ( PORTO 
UNI VERSI TY -  PORTUGAL)  est  un exc el l ent  exempl e 
de 1 1 i ngeni os i t e de l ' i ngeni eur  conf r ont e a une 
s i t uat i on i nat t endue.  I I  ne peut  que cont r i buer  
a r enf or cer  l a conf i anc e du pr oj et eur  dans  l a 
par oi  moul ee comme di spos i t i f  de sout enement  
pour  l es f oui l l es  pr of ondes .

THEME SUPPLEMENTAI RE

La c ont r i but i on du Dr  L.  MARTAK ( St adt  WI EN -  
AUSTRI A)  v i ent  t out  nat ur el l ement  compl et er  l es 
cont r i but i ons  des t hemes 2 et  3.  Qu' i l  s ' agi sse 
de boue dy nami que ou de boue s t at i que,  l es ca-
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T h e  n e w  d ia p h ra g m  w a llin g  te c h n iq u e  

U ne  n o u ve lle  te c h n iq u e  d e  p a ro i m o u l£ e  

E R W IN  S T O E T Z E R , B a u e r  S p e z ia l t ie fb a u  G m b H , 

S c h ro b e n h a u s e n , G e rm a n y

SYNOPSI S:  For  many  y ear s  t he ex c av at i on  of  d i aph r agm wal l s  

by  t he c onv ent i ona l  g r ab  met hod has  been c ommon- p l ac e  but  

i n r ec ent  y ear s  t he empl oy ment  of  c u t t e r s  has  i nc r eas ed 

at  a r emar k abl e r at e.  The r eas on f or  t h i s  c hange of  

emphas i s  i s c l ear l y  r e l at ed t o t he demand f or  g r ea t e r  

ac c ur ac y  and mor e  t hor ough qua l i t y  c ont r o l  d u r i ng  t he 

ex c av at i on  of  d i aphr agm wal l s .  The need t o ac h i ev e 

gr eat er  dept hs  i n i nc r eas i ng l y  c ompl i c a t ed  s oi l  c ondi t i ons  

i nc l ud i ng  har d r oc k  wi t hout  ex c es s i v e  v i b r a t i on  has  a l s o 

wi t hout  doubt  i n f l uenc ed t he t r end i n t he dev e l opment  of  

t he c ut t er .

1.  I NTRODUCTI ON

The cons t r uc t i on of  d i aphr agm and c ut - of f  wal l s  
by gr abs  i s nowaday s  a c ommonl y  used t echni que.  
Dur i ng t he l ast  decade,  however ,  t he l i mi t at i ons  
of  t he es t abl i s hed gr ab t ec hni que have become 
mor e and mor e ev i dent ,  as under gr ound c ons t r uc t ­
i on has r eached i nc r eas i ng dept h and mor e di f f i ­
cul t  gr ound c ondi t i ons  have been encount er ed:

The r e s u l t  of  t h i s  i s  as  f o l l ows :

l ow out put  due t o i nt er mi t t ent  ex cavat i on 
bet ween upwar d and downwar d t r avel  of  t he gr ab

v i br at i ons  and t hei r  t r ansmi ss i ons  t o 
adj acent  s t r uc t ur es  as a r esul t  of  c hi s el l i ng i n 
har d soi l  l ayer s

i nc ons i s t ent  ver t i cal i t y ,  par t i c ul ar y  dur i ng 
chi sel l i ng,  i n har d f or mat i ons.

These pr obl ems  can be r esol ved by t he t r ench 
cut t er  t echni que,  whi c h has been dev el oped 
dur i ng t he l ast  f ew year s.

F i g .  1  C o m p a r i s o n  C u t t e r s

2.  DEVELOPMENT Or'  THE CUTTER TECHNOLOGY ( f i g. l )

Dur i ng t he ear l y  1960' s  t wo Japanes e compani es ,  
Tone Bor i ng and Ok umur a devel oped t echni ques ,  
whi c h al l owed soi l  t o be er oded and br ok en up 
i nt o smal l er  par t i c l es ,  and af t er  hav i ng been 
mi xed wi t h bent oni t e s l ur r y  t o be pumped t o t he 
sur f ace.  Thi s  equi pment  was  abl e t o penet r at e 
r el at i v el y  l oose soi l s  t o a dept h i n ex cess  of  
50 met r es.

Tone Bor i ng dev el oped cut t i ng bl ades  r ot at i ng 
ar ound a ver t i cal  ax i s  i n oppos i t e di r ec t i ons  
f or  oper at i onal  s t abi l i t y .  Okumur a used t wo 
c ut t i ng wheel s  r ot at i ng ar ound hor i zont al  ax i s  
and whi c h wer e dr i ven by a chai n.  Bot h sys t ems  
r emoved t he mud by way of  a suc t i on pump 
l ocat ed out s i de t he t r ench or  by ai r l i f t .

Thi s  concept  of  wheel s  r ot at i ng ar ound a hor i ­
zont al  ax i s  was f ur t her  adv anc ed some year s  
l at er ,  by t he i nt r oduc t i on of  mor e power f ul  and 
s i mpl er  hy dr aul i c  mot or s  i n pr ef er ence t o e l ec ­
t r i c  ones.  As t hi s  sys t em was des i gned f or  much 
hi gher  power  out put  t he f i r s t  cut t er  pr oj ec t  i n 
r ock  was s uc c es s f ul l y  compl et ed i n Par i s  1975 
by t he Fr enc h company  Sol et anche.

The ar r i val  of  t he cut t er  t echnol ogy  i n Eur ope 
pr ompt ed ot her  Eur opean compani es  t o gr eat er  
ac t i v i t y  dur i ng t he 1980' s .  I n 1902 t he company  
Cas agr ande of  I t al y  devel oped a t r ench cut t er  
wi t h a chai n dr i ve,  s i mi l ar  t o t hat  of  Ok umur a 
of  Japan.  Sone adv ances  i n t he cut t er  t echnol ogy  
wer e ac hi eved i n 1984 wi t h t he dev el opment  of  a 
r ock  cut t er  by c ompany  Bauer  of  Wes t  Ger many .
The cut t er  wheel s  ar e dr i ven by ver t i cal l y  
mount ed hi gh speed hydr aul i c  mot or s.  A spec i al  
gear  sys t em c onver t s  t he hi gh speed r ot at i on of  
t he mot or s  i nt o s l ower  r ot at i on wi t h a 
t r ansmi ss i on r at i o of  appr ox i mat el y  1: 100.  Wi t h 
t hi s  syst em,  t he t or ques  can be i nc r eas ed t o 
s t andar d des i gns .  • *

3.  THE CUTTER TECHNI QUE

3. 1 Fr ame and cut t er  wheel s  ( Fi g.  2)

The Sl ur r y  Tr ench Cut t er  cons i s t s  es s ent i al l y  
of  a heavy  s t eel  f r ame wi t h t wo hydr aul i c  
dr i ves  each mount ed at  t he base of  t he f r ame.  
Cut t er  wheel s ,  s pec i a l l y  des i gned f or  var i ous  
soi l  t ypes  ar e mount ed on t he dr i ves.

The r ot at i ng cut t i ng wheel s  er ode and br eak up 
t he soi l  i n a c ont i nuous  pr ocess ,  mi x t he soi l  
f r agment s  wi t h Bent oni t e s l ur r y  and mov e i t  
t owar ds  t he suc t i on i nt ake.  A hi gh c apac i t y  mud 
pump t r anspor t s  t he soi l  Bent oni t e mi x t ur e t o 
t he desander .  ( Fi g.  3)

The pr oduc t i on of  t he t r ench cut t er  i s l ar gel y  
dependent  on:  ( Fi g.  4)

t he c r owd f or ce ex er t ed as a r esul t  of  t he
wei ght  of  t he cut t er
and
t he t or que of  t he c ut t i ng wheel s.

For  a hi gh t or que/ c r owd f or ce r at i o t he cut t i ng 
t eet h ar e r api dl y  er oded wi t hout  achi ev i ng any 
c ut t i ng pr ocess .  For  a l ow r at i o,  t he t eet h ar e 
pr one t o di ggi ng i nt o t he spi l  and c aus i ng t he 
wheel s  t o s t a l 1.

3 0 4 2



F i g .  2  S l u r r y - T r e n c h - C u t t e r  

m a t e r i a l  t r a n s p o r t

F i g .  4  F o r c e  c o m p o n e n t s  o f  

c u t t i n g  w h e e l s

F i g .  5  M a t e r i a l  t r a n s p o r t  t o  

pu mp  i n l e t

F i g .  3  C u t t e r  w h e e l s  a n d  m u d  p u m p

Ma x i mu m p r o d u c t i o n  i s  a c h i e v e d  by  o p t i mi z i n g  t he 

t o r q u e - c r o wd  f o r c e  r a t i o  t h r o u g h  a c a r e f u l l y  

c o n t r o l l e d  o p e r a t i o n .

The s l ur r y  char ged wi t h er oded mat er i al  i s 
gener al l y  pumped t hr ough hoses  wi t h di amet er s  
r angi ng f r om 5 t o 6 i nch.  To avoi d bl ockages ,  
max i mum soi l  par t i c l es  mus t  not  ex ceed hal f  of  
t he hose di amet er .  St ones  or  r ock f r agment s  i n 
exc ess  of  2 t o 3 i nch must  be c r us hed by t he 
dynami c  f or ces of  t he c ut t i ng wheel s .  I n or der  
t o pr oduc e t hese nec es s ar y  f or ces,  t he 
r ot at i onal  speed of  t he c ut t i ng wheel s  can be 
i nc r eased.  ( Fi g.  5)

F i g .  6  C u t t i n g  w h e e l  w i t h  u n d e r r e a m e r  t o o t h  

a n d  s h o c k  a b s o r b e r

dr ums  pr ot ec t  t he hydr aul i c  dr i ves  agai ns t  shock 
damage . ( Fi g . 6)

El as t i c  shock  absor ber s ,  bui l t  i nt o t he cut t er A f ur t her  pr obl em i n t he cut t er  t echnol ogy  i s
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F i g .  7  U n d e r r e a m e r  t o o t h

t he r i dge of  soi l  or  r ock l ef t  bet ween t he t wo 
c ut t i ng wheel s .  I ni t i al l y  t hi s  had t o be c r ushed 
by t he c r owd pr essur e.

Wi t h t he devel opment  over  r ecent  year s  of  an 
aut omat i c  under r eamer  t oot h,  company  Bauer  have 
been abl e t o r esol ve t hi s pr obl em.  Dur i ng each 
r ot at i on t he under r eamer  t oot h f ol ds aut omat i c ­
al l y  out war ds  and r emoves t he r i dge of  soi l  and 
r ock.  ( Fi g.  7)

3. 2 Hose and cabl e pul l ey

Dur i ng cut t i ng,  bot h hy dr aul i c  and suct i on 
hoses  must  be abl e t o t r avel  c ont i nuous l y  wi t h 
t he cut t er  i nt o t he t r enc h and mus t  not  
t r ansmi t  any f or ces  on t he mai n f r ame,  whi ch 
t hen coul d r esul t  i n ver t i cal  dev i at i on of  
t he cut t er .  ( Fi g.  8)

The hose pul l ey  sys t em sat i s f i es  t hese 
r equi r ement s .  On each s i de of  t he cut t er ,  
bundl es  of  hoses  ar e suspended f r om a pul l ey  
connec t ed t o a wi nch under  cons t ant  l oad,  so 
t hat  t he r esul t ant  of  al l  f or ces i s al ways  
di r ec t ed ver t i c al l y  upwar ds .  ( Fi g.  9)

Thi s pul l ey  ar r angement  can be modi f i ed t o 
al l ow cut t er  oper at i ons  t o be c ar r i ed out  wi t h 
t he c r ane pos i t i oned ei t her  as i de or  as t r i de 
t he t r ench.  ( Fi g.  10)

3. 3 Oper at i ng and cont r ol  sys t em

As a cont i nuous  pr oces s  of  excavat i on,  t he 
t r ench cut t er  t echni que i s sui t ed f or  
cont i nuous  aut omat i c  dat a r ecor di ng.  The 
f ol l owi ng dat a can be r ec or ded s i mul t aneoul y  
and t r ans f or med i nt o oper at i onal  commands:
( Fi g.  11)

F i g .  B C a b l e  a n d  h o s e

t e n s i o n i n g  d e v i c e

F i g .  9  H o s e  t e n s i o n i n g  d e v i c e  f o r  

c u t t i n g  d e p t h  u p  t o  1 0 0  m

cut t er  dept h and r at e of  penet r at i on 
r ot at i onal  speed and t or que of  wheel s  
c r owd pr ess ur e on cut t er  t eet h 
vol ume of  s l ur r y  f l ow 
ver t i c al i t y  i n bot h di r ec t i ons

3. 4 Env i r onment al  c har ac t er i s t i cs

The s l ur r y  t r ench cut t er  i s c ompl et el y  f r ee of  
noi se and v i br at i ons .  Chi s el l i ng i s not  r equi r ed 
and t he exc avat i on of  a t r ench i s poss i bl e i n 
c l ose pr ox i mi t y  t o sens i t i ve adj acent  s t r uc t ­
ur es.  I n many  soi l  t ypes t he spoi l  can be c omp ­
l et el y  s epar at ed f r om t he s l ur r y ,  so t hat  t he
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■ Appr ox 8 m ( 26 ft)-

Fi g.  10 Al i gnment  f or
conges t ed s i t es Conges t ed s i t e condi t i on

Fi g.  11 Oper at i ng Panel

dumpi ng of  c ont ami nat ed spoi l  at  spec i al  t i ps i s 
no l onger  r equi r ed.  ( Fi g.  12)

3. 5 Joi nt s  - - - - - - - - - - - - - - - - - — - - - -

The cut t er  t echni que does  not  r equi r e t he use of  ____ ______________<[__
t ubul ar  s t eel  or  pr ecas t  s t op ends.  Dur i ng t he 
ex c avat i on of  t he sec ondar y  panel  each end of
t he pr i mar y  panel  i s over cut  by up t o 200 mm.  Fi g.  13 Over cut t i ng j oi nt s
( Fi g.  13)
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4.  NEW DEVELOPMENTS

4. 1 Deep wal l s

Conv ent i onal  di aphr agm wal l s  ar e i n gener al  not  
mor e t han 1. 5 m t hi ck  and 00 m deep.  Ther e ar e,  
however ,  new dev el opment s  i n Japan of  al mos t  
gi gant i c  di mens i ons  wher e our  Japanese 
c ol l eagues  ar e pl anni ng t o cons t r uc t ,  f or  
exampl e,  f or  a vent i l at i on shaf t  of  t he Tokyo 
Bay c r oss i ng pr oj ec t ,  a c i r cul ar  di aphr agm wal l  
of  100 met r es  di amet er ,  135 met r es  dept h wi t h a 
wal l  t hi c kness  of  2. 8 m.

Agai n Tone Bor i ng of  Japan have c ons t r uc t ed t he 
f i r st  machi ne and have car r i ed out  i ni t i al  
t es t s  f or  t hese di mens i ons .  ( Fi g.  14)

The devel opment  of  s i mi l ar  Gi ant  Cut t er s  i s 
under  way of  ot her  c ompani es  l i ke t he j oi nt  
ef f or t  of  Sol et anc he of  Fr ance t oget her  wi t h 
Obayashi  of  Japan.  ( Fi g.  15)

Thi s t ec hnol ogy  i s c er t ai nl y  of  f ut ur e i nt er es t  
f or  l ar ge under gr ound s t or age f ac i l i t i es ,  
cai s sons  f or  br i dge f oundat i ons ,  anc hor  bl ocks  
and so o n .

4. 2 Har d r ock cut t er

System Tone Boring

F i g .  1 4

Syst em Obayashi  - Sol et anche

Fi g.  15

Spec i al  cases,  l i ke cut - of f  wal l s  i n dams 
r equi r e somet i mes  t he penet r at i on i nt o har d 
r ock.

The use of  t eet h even r ei nf or c ed by Tungs t en 
Car bi de pl at es  has pr ov en i nef f i c i ent  and 
t her ef or e expens i ve i f  r ock s t r engt h exc eeds  
about  500 bar .  Wor k i ng t owar ds r es ol ut i on of  
t hi s  pr obl em a j oi nt  ef f or t  by Bachy  of  Fr ance 
and Bauer  of  Ger many  has pr oduced t he har d r ock 
cut t er .  ( Fi g.  16)

The bas i c  conc ept  c ons i s t s  of  r epl ac i ng t eet h by 
r ol l er  bi t s  l ocat ed ar ound t he cut t i ng wheel s.  
Recent  f ul l  s cal e t es t s  i n gr ani t e and ver y  har d 
l i mes t one have demons t r at ed i nt er es t i ng pr oduc t ­
i on r at es  i n r ock wi t h unc onf i ned compr es s i v e 
s t r engt h over  1B00 bar .  ( Fi g.  17)

F i g .  1 6  H R - C u t t e r
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Fi g.  17 HR- Cut t er

excavat i ng gr ani t e
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T h e  P e h u e n c h e  D am  c u t o ff d ia p h ra g m  w a ll (C h ile ) 

Le  v o ile  6 ta n c h e  en  fo rm e  d e  p a ro i m o u le e  d u  B a rra g e  

d e  P e h u e n ch e

M .G A N D A IS ,  B A C H Y , L e v a llo is -P e r re t , F ra n c e

Thi s shor t  cont r i but i on concer ns  t he t echni cal  
choi ce of  t he exc avat i on met hod t hat  has t o be 
made t o cons t r uc t  a di aphr agm wal l  i n t he f oun­
dat i on of  t he Pehuenche dam t o act  as a wat er ­
t i ght  cut  of f .  The wor k  i s near l y  compl et ed now 
i n soi l  condi t i ons  whi ch ar e among t he mos t  d i f ­
f i cul t  t hat  can be f ound i n t he wor l d f or  c ons ­
t r uc t i ng a di aphr agm wal l .

Locat i on

The si t e i s l ocat ed i n Chi l e and i s par t  of  t he 
Ri o Maul e hydr aul i c  scheme whi ch al r eady  i nc l u ­
des t he Col bun and Mac hi c ur a dams.  Ups t r eam of  
t hese dams,  t he Pehuenche dam i s under  c ons t r uc ­
t i on on t he r i o Mel ado whi ch i s a t r i but ar y  of  
t he r i o Maul e.  The dam wi l l  be 85 m hi gh above 
i t s f oundat i ons  when i t  i s compl et ed.  Wat er t i ght  
ness i s ensur ed by a c l ay  cor e and,  i n t he f oun ­
dat i ons,  by t he conc r et e di aphr agm wal l  cut  of f  
( Fi g.  1) .

Geot echni cal  f eat ur es

The dam i s l ocat ed i n a val l ey  wi t h ver y  s t eep 
s i des and t he r ock i s composed of  andes i t es  and 
combi nat i ons  of  basal t s  and andes i t es .  These na ­
t ur es of  r ocks ar e char ac t er i zed by an ex t r emel y  
hi gh compr ess i ve s t r engt h mos t l y  measur ed i n t he 
r ange of  150 MPa t o 200 MPa wi t h some val ues 
even h i gher .

The r ock val l ey  i s f i l l ed wi t h a ver y  t hi ck  
g 1 ac i o- f 1uvi a 1 depos i t  made of  a c ombi nat i on of  
s and- gr av e1- c obb1es ( Fi g.  2 & 2)  and huge bou l ­
der s whi ch can be sever al  met er s  i n di amet er  
( Fi g.  4 ) .

The di aphr agm wal l  i s excavat ed i n t hi s depo ­
si t  whi ch i s ver y  compact ,  made of  mat er i a l s  of  
t he same nat ur e of  r ock as t he s i des of  t he v a l ­
l ey and whi ch has a t hi ckness  over  60 m at  t he 
deepes t  poi nt .

Fi g.  3 Typi cal  cobbl e ex t r ac t ed f r om t he t r ench

Fi g.  4 Type of  boul der  enc ount er ed

Gener al  spec i f i cat i ons

The gener al  spec i f i cat i ons  t o t ake i nt o account  
f or  t he cons t r uc t i on of  t he di aphr agm wal l  can 
be summar i zed as f ol l ows  :

3 0 4 8



. mi n i mu m t h i c k n e s s  of  60 c m of  c o n c r e t e  o v e r  
t he wh o l e  a r e a  of  t he wa l l ,

. ma x i mu m d e v i a t i o n  of  15 c m o v e r  t he t o t a l  
d e p t h  of  p a n e l s ,

. s o c k e t i n g  i n bed r o c k  : mi n i mu m of  60  c m 

me a s u r e d  p e r p e n d i c u l a r l y  t o t he  b e d  r o c k  s u r ­
f ac e ,

. s y s t e ma t i c a l  c h e c k i n g  of  t he  b e d r o c k  p r o f i l e  

by  c o r e  d r i l l i n g  at  t he b o t t o m of  e a c h  e x c a v a ­

t ed p a n e l  t o a s c e r t a i n  t ha t  t he d i a p h r a g m wa l l  

wo u l d  no t  be l o c a l l y  r e s t i n g  on t op  of  a l a r ge  

b o u l d e r  or  on an o v e r h a n g i n g  p a r t  of  t he  s i des  

of  t he v a l l e y  t o p r e v e n t  p e r v i o u s  a r e a s  f r o m 
r e ma i n i n g  u n d e r n e a t h .

Ex c a v a t i o n  me t h o d s

Se v e r a l  e x c a v a t i o n  t e c h n i q u e s  c an  be  i mp l e me n ­

t ed t o d a y  t o c o n s t r u c t  a c o n t i n u o u s  wa t e r t i g h t  

c u t  o f f  and  i t  i s  t he s k i l l  of  t he  s p e c i a l i s t  

t o s e l e c t  t he b e s t  a p p r o p r i a t e  me t h o d  t o t he 

g r o u n d  c o n d i t i o n s  t o be e n c o u n t e r e d .  The  mo r e  

d i f f i c u l t  t he g r o u n d  c o n d i t i o n s  a r e  t he mo r e  

e s s e n t i a l  t he c h o i c e  i s  f o r  t he f e a s a b i l i t y  and  

t he e c o n o my  of  t he p r o j e c t .

Th e  t e c h n i q u e s  a v a i l a b l e  t o d a y  a r e  :

-  b o r i n g  of  s e c a n t  p i l es ,

-  e x c a v a t i o n  wi t h  c a b l e  o p e r a t e d  c l a m s h e l l  
g r a b s  ,

-  e x c a v a t i o n  wi t h  h y d r a u 1 i c a 1 1 y o p e r a t e d  c l a m 
s h e l 1 g r a b s  ,

-  e x c a v a t i o n  wi t h  r o c k  mi l l s ,  e v e n t u a l l y  e q u i -  
ped  wi t h  r o c k  c r u s h e r ,

-  e x c a v a t i o n  wi t h  t he v e r y  h a r d  r o c k  c u t t e r  

wh i c h  we d e v e l o p  at  t he mo me n t  wi t h  t he  Ba u e r  
Co mp a n y  of  Ge r ma n y .

Se l e c t i o n  o f  t he  me t h o d

Our  s e l e c t i o n  was  t he  r e s u l t s  of  an e l i mi n a t i o n  
a p p r o a c h  :

-  s e c a n t  p i l e s  we r e  r e j e c t e d  f o r  s e v e r a l  r e a ­
s ons  :

. l a r g e  d i a me t e r  n e e d e d  t o e n s u r e  t he r e q u i ­

r ed t h i c k n e s s  of  60 c m of  c o n c r e t e ,

. mu l t i p l i c i t y  of  j o i n t s  wh i c h  a r e  o b v i o u s  
we a k  p o i n t s ,

. d i f f i c u l t y  t o e x c a v a t e  i n c o b b l e s  and

b o u l d e r s  at  g r e a t  d e p t h  wi t h o u t  d e v i a t i o n .
-  h y d r a u 1 i c a  1 1 y o p e r a t e d  g r a b s  ar e  v e r y  p o o r ­

l y  e f f e c t i v e  i n c o b b l e s ,

-  r o c k  mi l l s  we r e  r e j e c t e d  f o r  t wo  ma i n  r e a ­
s o n s  :

. t e e t h  of  t he n o r ma l  t o o l s  do  n o t  b i t e  i n 

r o c k  as h a r d  as  150 MPa  t o 2 0 0  MPa  i n 

c o mp r e s s i v e  s t r e n g t h ,

. c o b b l e s  ar e t oo l a r ge  t o be  c r u s h e d  by  t he 

s t o n e  c r u s h e r .

-  t he v e r y  Ha r d  Ro c k  Cu t t e r  wa s  no t  c o n s i d e r e d  

p r i ma r i l y  b e c a u s e  i t  was  no t  f u l l y  o p e r a t i o n a l  

at  t he mo me n t .  On t he t e c h n i c a l  a s p e c t ,  t he  e f ­

f i c i e n c y  of  t he VHR i n a g r o u n d  t ha t  c o n t a i n s  

v e r y  h a r d  c o b b l e s  wh i c h  c an  be l o o s e n e d  at  t he 

b o t t o m of  t he e x c a v a t i o n  s t i l l  has  t o be p r o v e d .

Pa r a d o x i c a l l y  f o r  our  t i me ,  ou r  c h o i c e  has  

b e e n  t he c o n v e n t i o n a l  me t h o d  wh i c h  c o n s i s t s  i n 

e x c a v a t i n g  wi t h  Ba c h y  KL  1000 h e a v y  s e l f  g u i d e d  

c a b l e  o p e r a t e d  g r a b s  and wi t h  v e r y  h e a v y  c h i ­

s e l s  ( 11 t ons )  ( Fi g.  5 & 6) .  We p e r f e c t e d  t he 

me t h o d  by  a p p l y i n g  l o c a l i z e d  b l a s t i n g .  To  t ak e  

i n t o  a c c o u n t  p o s s i b l e  c u mu l a t i v e  d e v i a t i o n s  a 

t h i c k n e s s  of  1 me t e r  was  c h o s e n .

Fi g.  5 Gu i d e  f or  b l a s t  Fi g .  6 Ca b l e  g r a b  and 

h o l e s  d r i l l i n g  h e a v y  c h i s e l

F i n a l  q u a n t i t i e s

The  wo r k  wi l l  be s u c c e s s f u l l y  a c h i e v e d  v e r y  

s o o n  and t he f i n a l  q u a n t i t i e s  wi l l  be c l o s e  t o 
t he f o l l o wi n g  f i g u r e s ,

-  s u r f a c e  a r e a  of  t he wa l l  : 5 100 m2

-  t h i c k n e s s  : 1 m

-  ma x i mu m d e p t h  of  p a n e l  : 6 4 . 8  m

-  l e n g t h  of  i n d i v i d u a l  p a n e l s  : 4 . 4  t o 6 me ­

t er  ( s ee  d i s p o s i t i o n  on Fi g ,  7) .

BARRAGE DE PFI I UENC1I E
r n n i r m i n o u t

PAROI  D’ETANCHEI TE PANNEAI TTACE
c v r o r r  wali . Di s mmr n o n  o r  fanf.is

Fi g .  7 L o n g i t u d i n a l  p r o f i l e  of  t he d i a p h r a g m 

wa l l
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D is c u s s io n  

MAURICE GUILLAUD, Sol6tanche, Nanterre, France

The pr esent  cont r i but i on descr i bee t wo r ecent  achi evement s  

of  ver y  deep di aphr agm wal l s ,  bot h car r i ed out  by us i ng t he 
Hydr of r ai se Syst em.

Recent l y ,  The Br i t i sh " I nt er nat i onal  Const r uct i on' *  

Magaz i ne quot ed t he 120 m deep di aphr agm wal l  i n 1987 at  

Navaj o Dam ( New Mex i co,  USA)  as t he deepes t  ever .  Ac t ual ­

l y  t he wor l d r ecor d seems t o s t and at  151 m,  r eached by 

a t est  sect i on di aphr agm wal l  at  Tokyo i n November  1907.  

Thi s  shor t  paper  pr esent s  t he out l i nes  of  t hose t wo pr o ­
j ect s  .

1.  Navaj o Dam

Thi s dam,  a 115 m hi gh zoned ear t h embankment  was com­

pl et ed i n 1962.  Pr om t he ver y s t ar t  of  i mpoundi ng,  t her e 

was mor e l eakage t han expec t ed on bot h abut ment s .  I n 1906 

t he Bur eau of  Rec l amat i on spec i f i ed r emedi al  wor ks  i n ­

c l udi ng a pos i t i ve cut - of f  di aphr agm wal l  on t he l ef t  

abut ment  down t o t he sands t one subs t r at um at  a max i mum 

dept h of  400 f t  ( 120 m) .  The di aphr agm wal l  was cons t r uc ­

t ed by us i ng a Hydr of r ai se t ype di aphr agm wal l  r i g.

The machi ne used t he r ever se c i r cul at i on mi l l - cut t er  

syst em.  I t  was f i t t ed wi t h a spec i al  30 m l ong gui di ng 

f r ame.  Ver t i cal i t y  of  0. 1 % ( 12 cm at  120 m)  was  achi eved 

except  f or  one panel  whi ch def l ec t ed 15 cm.

The di mens i ons  of  t he wal l  wer e :

. 1 m t hi ck 

. 140 m l ong

. 11,900  sqm t ot al  ar ea spl i t t ed i nt o 33 panel s.

The j ob was compl et ed i n 204 days.

2.  Tokyo Test  Di aphr agm Wal l

The cons t r uc t i on of  t he new cabl e- s t ayed Akashi  Br i dge 

bet ween Honshu and Shi koku I s l and wi l l  begi n i n Mar ch 

1990.  I t  wi l l  r equi r e a huge cy l i nder - shaped anchor  bl ock  

appr ox i mat el y  02 m di amet er  and max i mum 75 m deep.  Thi s 

cy l i nder  wi l l  be a 2. 20 m t hi ck  di aphr agm wal l .

Al so t o be s t ar t ed i n 1990,  t he Tr ans - Tokyo Bay Cr os ­

s i ng wi l l  need an ar t i f i c i al  i s l and t o be bui l t ,  t he cor e 

of  whi ch bei ng an appr ox i mat el y  150 m deep,  110 mm di a ­

met er  cy l i ndr i cal  di aphr agm wal l .

To be qual i f i ed f or  t hese pr oj ect s ,  t he Cont r ac t or s  

have t o make a f ul l  scal e t est  pr ov i ng t hei r  capabi l i t y  

t o per f or m such deep di aphr agm wal l a.  Ohbayashi  passed 

Success f ul l y  t he t est  by cons t r uc t i ng f i ve,  2. 40 m t hi ck,  

3 m l ong panel s,  one of  t hem at  151 m dept h,  us i ng a 

Super - Hydr of r ai se machi ne of  t he same t ype as f or  Navaj o,  

but  mount ed on a 150 t on- f r ame.  The ver t i cal i t y  was 
moni t or ed by a ser i es of  i nc l i nomet er s  and al l  dr i l l i ng 

i nf or mat i on was pl ot t ed on a comput er  char t .  The ver t i ­

cal i t y  achi eved was mor e or  l ess 0. 3 % ( mor e or  l ess 5 cm 

at  151 m) .
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A n  in g e n io u s  s tru c tu ra l s o lu tio n  to  s u p p o rt a  d e e p  

e x c a v a tio n

U ne  s o lu tio n  d e  s tru c tu re  in g e n ie u s e  p o u r s ta b ilis e r les  

p a ro is  d ’u n e  fo u ille  p ro fo n d e  

M. MATOS FERNANDES, Faculdadede Engenharia, Universidade 

do Porto, Portugal

Thi s  cont r i but i on descr i bes  a deep excavat i on f or  seven 
basement s  of  a new bui l di ng car r i ed out  i n Li sbon i n 1982 

i n whi ch an or i gi nal  and i ngeni ous met hod of  suppor t  has 

been used.

Fi gur e 1 shows a cr oss  sect i on of  t he excavat i on,  27 t o 

29 m deep,  40 m wi de and 40 m l ong.  Ver y  st i f f  t er t i ar y  

f or mat i ons  ar e r eached at  t he s i t e under  about  8 ra of  

weak soi l s.  As shown i n t he f i gur e,  t he i ni t i al  des i gn 
es t abl i shed t he use of  an anchor ed di aphr agm wal l ,  f or  

t he upper  por t i on of  t he cut ,  and nai l i ng wi t h shot c r et e 

i n t he zone cor r espondi ng t o s t i f f er  soi l .

Af t er  t he cons t r uc t i on of  t he f i r st  anchor  l evel  at  t he 

f ace c l ose t o t he bui l di ng shown i n t he r i ght  s i de of  

Fi gur e 1,  i t s owner  pr ohi bi t ed f ur t her  i ns t al l at i on of  

any anchor s or  nai l s  i nsi de hi s  pr oper t y .  Sever al  sol u ­

t i ons t o over come t hi s unexpec t ed pr obl em wer e t hen

di scussed.  The adopt ed one was concei ved by Pr of essor  
Edgar  Car doso,  an exper t  on l ar ge br i dges  des i gn,  and 

devel oped by  t he st af f  of  t he cont r ac t or  ( TEI XEI RA DUAR­
TE,  S. A. )  .

The sol ut i on i s i l l ust r at ed i n Fi gur es  2 and 3 and 

cons i s t s  of  a pol ygonal  t endon of  14 hi gh st r engt h st eel  

s t r ands pr es t r essed t o 2100 kN,  coupl ed t o a sys t em of  

f i ve s t r ut s  appl y i ng t o t he wal l  f or ces r angi ng f r om 300 

t o 350 k N. The t endon i s anchor ed at  t he t wo ex t r emi t i es  

of  t he cut  f ace wi t h t he hel p of  a st eel  pl at e pr ev i ous l y  

embbeded i n t he di aphr agm wal l .  The pr es t r ess  of  t he 

sys t em i s appl i ed by oper at i ng hydr aul i c  j acks i nst al l ed 
on t he st r ut s.

Fi gur e 3.  A v i ew of  t he suppor t  sys t em

As shown i n Fi gur e 1,  i n t he subsequent  s t ages,  t he 
excavat i on f i r s t  pr ogr essed i n dept h at  t he l ef t  si de,  

al l owi ng f or  t he cons t r uc t i on of  t he f oundat i ons  and t he 

basement s  s t r uc t ur e whi ch was t hen used t o suppor t  

convent i onal  s t r ut s  f or  compl et i on of  t he excavat i on.

To conc l ude,  one shoul d st at e t hat  t hi s i nt er es t i ng 

sol ut i on does r epr esent  an excel l ent  cont r i but i on f r om 

an out s t andi ng s t r uc t ur al  des i gner  t o a f i el d usual l y  

deal t  wi t h by  geot echni cal  engi neer s .
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In v ite d  d is c u s s io n  

D isc u s s io n  d ’un  c o n fe re n c ie r  in v ite  

F.SCHLOSSER, Terrasol, Puteaux, France

The ext ensi on of  t he Mont par nasse r ai l way st at i on,  

i n Par i s dur i ng 1980- 1989,  t o ser vi ce hi gh speed 

t r ai ns ( TGV At l ant i que) ,  r equi r ed t he const r uct i on 

of  hi gh capaci t y f oundat i on el ement s t o suppor t  

t he par t i cul ar l y r i gi d super - st r uct ur e,  as 

di scussed by Schl osser  et  a l . ( 1989) .  The wor k 

i ncl udes t he const r uct i on of  a cover  sl ab over  t he 

exi st i ng pl at f or m and r ai l s t o pr ovi de space f or  a 

par ki ng f aci l i t y,  gar den and par k,  and t o pr ovi de 

suppor t  f or  t hr ee bui l di ngs.  Because of  t he space 

l i mi t at i ons i mposed by t he numer ous col umns 

r equi r ed t o suppor t  t he new pl at f or m ar ea,  t he 

ant i ci pat ed hi gh suppor t  l oads,  and by t he 

pr ef er ence of  t he ar chi t ect ,  t he st r uct ur e was 

compr i sed of  a syst em of  ar cat ur es par al l el  t o 

r ai l s,  and col umns upon whi ch r est ed l ar ge 

t r ansver sal  pr e- st r essed beams.

E.G.L.

Fill and old alluvium )

t M- 7 0 15

* Beauchamp sand )

* Marl and limestone beds

> M arl and limestone beds
Em= 50

Mine workings

* Limestone E  -  1 0 0 0  a  

1 2 0 0

<j

Marl E = 4 0  a 100

Cm: Pressiometer m odulus (MPa)

E : Young m odulus (MPa)

K lg . 1 : T y p ic a l  c r o s s - s e c t io n  o f  th e  P ark s  

and C a rd e n s  a re a

To eval uat e t he st i f f ness of  a bar r et t e gr oup,  i t  

was f i r st  necessar y t o devi se a met hod f or  

det er mi ni ng t he ver t i cal  def or mat i ons.  A 

si mpl i f i ed model  f or  assessi ng t he l oad 

di st r i but i on ( pr esent ed i n Fi gur e 2) was 

devel oped,  whi ch al l owed si mul at i on of  t he l ar ge 

di f f er ence i n st i f f ness bet ween t he l i mest one and 

t he under l yi ng,  mor e def or mabl e,  cl ayey l ayer s.

*

The f oundat i ons f or  t he pl at f or m ar e embedded i n a 

l ayer  of  coar se- gr ai ned l i mest one,  l ocat ed at  a 

dept h of  appr oxi mat el y 2 2  m bel ow t he pl at f or m 

sur f ace,  wi t h an aver age dept h i n t he vi ci ni t y of  

t he par k and gar den ar ea of  12 m.  A cr oss- sect i on 

of  t he t ypi cal  geol ogy f or  t he gar den and par k 

ar eas i s shown i n Fi gur e 1.  The upper  1. 5 m of  

t he l i mest one l ayer  had been quar r i ed f or  bui l di ng 

st one,  wi t h some of  t he cavi t i es bei ng backf i l l ed 

wi t h t he r esi due af t er  t he mi ni ng had ceased.  

Pr opagat i on of  t he voi ds f or med dur i ng mi ni ng have 

l ed t o some l ocal  col l apse of  t he gr avel l y mar l  

l ocat ed above t he l i mest one.

The col umns i n t he par k and gar den ar eas ar e 

f ounded on t he l i mest one and suppor t ed by a ser i es. -  

of  bar r et t es.  Each col umn i s suppor t ed by bet ween 

3 and 6  bar r et t es,  each wi t h t he di mensi ons of  1 m 

by 2. 65 -  3 m,  and an on- cent er  spaci ng r angi ng 

f r om 1. 8 t o 2 m.  I t  was necessar y t o pr e- t r eat ,  

by gr out i ng,  t he mi ned ar eas of  t he l i mest one and 

t he decompr essed l ayer s l ocat ed i n t he mar l _ beds 

pr i or  t o const r uct i on of  t he bar r et t es.

Loading Equivalent loading

M agnitude p 

Dimension B x L

M agnitude p’ 

Dimension B’ x L’

i
 Depth z below the roof of the limestone 

° i  1

~  '' ( U2 i  ) ( 1 * £j l  )
L 8

Deph z’ below the top of the 'fausses glaiscs*<D

( 1 ♦ -i _ ) ( 1 ♦ -L_ ) 
L'  8'

B' j  8 * 2 h  — L ' * L + 2 h  — p ' * p x ---

B' L'

Fi g.  2 : Si mpl i f i ed  model  o f  t he s l ab ef f ec t  

f or  as s es s ment  o f  v er t i c al  s t r es s es  beneat h 

t he ’ l oaded ar ea
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Thi s  appr oac h r es ul t ed i n a 40% dec r eas e i n t he 

s et t l ement s  c omput ed at  t he c ent er  of  a bar r et t e 

gr oup,  wi t h  r es pec t  t o t hat  obt a i ned by  appl y i ng 

t he Bous s i nes q  t heor y ,  and s howed a good 

c or r e l at i on t o t he v er t i c a l  s t r es s es  c al c ul at ed 

f or  a un i f or ml y  l oaded c i r c ul ar  f oot i ng wi t h an 

equi v a l ent  ar ea,  p l ac ed  on t op of  t wo s uper i mpos ed 

s t r at a.  By  c ons i der i ng t he l at er al  f r i c t i on 

mob i l i z ed  a l ong t he bar r et t e,  t he c al c ul at ed 

s et t l ement s  wer e r educ ed by  mor e t han 50 4,  wi t h 

r es pec t  t o t he s i mpl i f i ed model .

Bec aus e of  t he c ompl ex  s oi l - s t r uc t ur e i nt er ac t i on,  

i t  was nec es s ar y  t o det er mi ne t he equi v al ent  

s t i f f nes s  c oef f i c i ent s  of  t he bar r e t t e  gr oups .  

To ev al uat e t hes e s t i f f nes s  c oef f i c i ent s ,  i t  was  

as s umed t hat  t he ac t ual  behav i or  was  l oc at ed 

bet ween per f ec t  monol i t h i c  behav i or  and i deal i z ed 

f r i c t i onal  behav i or .  For  t he per f ec t  monol i t h i c  

behav i or ,  t he soi l  mov es  wi t h t he bar r et t es  ( no 

r el at i v e di spl ac ement )  and t he f r ont al  pas s i v e 

r es i s t anc e can dev el op a l ong t he ent i r e equi v al ent  

wi dt h of  t he gr oup ( Fi gur e 3)  . The r eac t i on c an 

act  i n c onj unc t i on wi t h t he f r i c t i on dev el oped 

al ong t he ex t er nal  f aces  of  t he bar r et t e  gr oup.  

I n t he i deal i z ed f r i c t i onal  behav i or ,  t he 9oi l  

does  not  mov e and c ons equent l y  t her e i s a 

f r i c t i onal  r es i s t anc e gener at ed bet ween eac h 

bar r et t e and t he soi l .  For  t hi s  case,  t he f r ont al  

r eac t i on i s onl y  mobi l i z ed a l ong t he f r ont  f ace of  

t he bar r et t es .  Thes e t wo c ases  c an be c ons i der ed 

as t he upper  and l ower  bounds  wi t h t he ac t ual  

behav i or  l y i ng s omewher e i n- be t ween.  Us i ng 

c l as s i c al  P- y  anal y s i s  f or  pi l es ,  i t  was  f ound t he 

equi v al ent  s t i f f nes s  f or  t he hor i z ont a l  f or ce/  

di s pl ac ement  ( K̂ )  r anged f r om 0. 8- 1. 2 t i mes  t he 

l i k el y  v al ue f or  a l oad app l i ed a l ong t he smal l  

d i r ec t i on of  t he bar r et t es  and f r om 0. 8- 1. 5 t i mes  

t he l i k el y  v al ue when t he l oad i s appl i ed i n t he 

l ong di mens i on.  The c oef f i c i ent  f or  t he 

moment / r ot at i on ( Km) was  f ound t o r ange f r om

0. 9- 1. 3 when t he l oad i s appl i ed i n t he l ong 

d i mens i on .

Bec aus e of  t he v oi ds  r es ul t i ng f r om t he mi ni ng 

oper at i on and  s ubs i denc e of  t he ov er l y i ng soi l ,  

t he soi l  pr of i l e  v ar i ed  f or  eac h zone.  I n 

addi t i on,  t her e wer e zones  of  dec ompr es s ed 

mat er i a l  wher e t he ov er l y i ng mat er i a l  had 

c o l l aps ed i nt o t he c av i t i es .  Ther ef or e,  each 

bor eho l e  was  c ar ef ul l y  l ogged t o assess  t he 

ac t ual  soi l  condi t i ons .  The ar ea was t hen 

s t abi l i z ed by  gr out i ng,  us i ng t he f ol l owi ng 

met hods .  The v oi ds  l ef t  by  t he mi n i ng pr ocess

\ Friction 

• r=  f ly  I

lb) Frontal reaction. Lateral friction 

SITUATION 1: PERFECT M ONOLITHIC BEHAVIOUR

SITUATION 2: NO SOIL MOVEMENT BETWEEN 

THE BARRETTES '

F i g .  3  : B e h a v i o u r  u n d e r  l a t e r a l  h o r i z o n t a l  l o a d s

wer e bac k f i l l ed  by  l ow pr es s ur e mor t ar  gr out i ng.  

Addi t i ona l  gr out i ng was  per f or med i n t he mi ned 

ar ea t o f i l l  t he r emai ni ng v oi ds  r es ul t i ng f r om 

s hr i nk age of  t he or i gi nal  mor t ar .  The ar eas  i n t he 

l i mes t one s ur r oundi ng t he f oundat i ons  wer e al so 

gr out ed t o f i l l  t he f i s s ur es  and smal l  voi ds.  

Fi nal l y ,  t he dec ompr es s ed zones  c aus ed by 

s ubs i denc e of  t he mar l  was  al s o gr out ed t o i mpr ove 

i t s  engi neer i ng c har ac t er i s t i c s .  The l ayout  of  

t he gr out i ng pat t er n ( bot h pr i mar y  and secondar y )  

i s s ummar i z ed i n Fi gur e 4.  The pr i mar y  gr out  was 

p l ac ed  under  gr av i t y  pr es s ur e whi l e t he gr out  f or  

t he s ec ondar y  bor ehol es  was i nj ec t ed under  l ow 

p r e s s u r e .

I -

<$> <?>

~ + - f l ! - H i ..... .....
® ® I (*)

A H T A

P r im a r y  g r o u t  h o le #  ( m o r t a r ) .  Q  G r o u t  h o l e s  f o r  m o r t a r  ♦  g r o u t .

S e c o n d a r y  g r o u t  h o l e s  ( g r o u t ) .  (g j  S e c o n d a r y  g r o u t  h o l e s  ( g r o u t ) g r o u t e d  

d o w n  t o  1 m  b e lo w  t h e  f o o t  o f  t h e  b a r re t t e s .

F i g .  4> :  L a y o u t  o f  g r o u t  h o l e s  a r o u n d  

a  g r o u p  o f  b a r r e t t e s

(y)
y

la) Frontal reaction only
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Af t e r  t he c ompl et i on of  t he gr out i ng pr oc es s  and 

anal y s i s  of  t he gr out i ng par amet er s ,  t he deep 

f oundat i ons  ( bar r et t es)  wer e c ons t r uc t ed us i ng a 

pr oc es s  of  ex c av at i on,  s ubs t i t ut i on and 

r epl ac ement .  The ex c av at i on was f or med i n 

c on j unc t i on wi t h a bent oni t e  s l ur r y .  New 

bent on i t e  was  s ubs t i t u t ed f or  t he or i gi nal  s l ur r y  

and t he r ei nf or c ement s  f or  t he bar r et t es  wer e put  

i n pl ace.  The c onc r et e was  t hen pl ac ed us i ng a 

t r emi c  p i pe and l ev el ed of f  t o t he c or r ec t  hei ght .  

The bor ehol es  wer e ex c av at ed wi t h a BC 30 

hy dr omi l l  and t he i nc l i nat i on of  t he ex c av at i on 

was  c hec k ed c ont i nuous l y  dur i ng t he c ut t i ng 

pr oc es s ,  us i ng i nc l i nomet er s .  Spec i al  c ons i d ­

er at i on was  gi v en t o mi n i mi z i ng  t he ur ban 

env i r onment al  pr obl ems ,  such as noi se.

The r ec ons t r uc t i on of  t he Mont par nas s e t r ai n 

s t at i on r epr es ent s  a r emar k abl e ex ampl e of  a 

s uc c es s f ul  s ol ut i on t o a d i f f i c ul t  pr obl em,  

i nc or por at i ng numer ous  t as k s  and di f f i c ul t i es ,  

such as t he d i v er s i on of  ex i s t i ng  r ai l way  t r acks ,  

s t r i c t  t as k  c ompl et i on dat es ,  and a c ompl ex  

net wor k  of  ov er l appi ng t asks .  I n addi t i on,  t he 

pr obl ems  wer e f ur t her  c ompl i c a t ed by  t he unc er t a i n 

nat ur e of  t he soi l  c har ac t er i s t i c s  i n t he v i c i n i t y  

of  t he j ob s i t e.  Remar k abl y ,  t he s t at i on was  abl e 

t o f unc t i on nor mal l y  t h r oughout  t he ent i r e 

p r o j e c t .
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D is c u s s io n

E .T .S T E P K O W S K A , In s t itu te  o f  H y d ro e n g in e e r in g  P A S , G d a n s k ,  

P o la n d

St udy i n mi cr ost r uct ur e of  bent oni t e suspensi ons 
was per f or med at  Ki ng' s Col l ege London i n coope­
r at i on wi t h Dr  S. A.  Jef f er l s,  i nspi r ed by t he 
l at e pr of .  J. K. L. Nash.  I t  i ndi cat ed t hat  t he mi ­
cr ost r uct ur e depends on i ni t i al  concent r at i on of  
t he sl ur r y,  on st i r r i ng ener gy,  st i r r i ng t i me 
and on st or i ng t i me.

Br ebent  and Ber kbent  bent oni t e suspensi ons 
wer e pr epar ed at  var i ous concent r at i ons t o 
10#) ,  var i ous st i r r i ng ener gi es ( 2000 RFM,  5000 
REM and 7000 RPM) ,  var i ous st i r r i ng t i mes ( 5 and 
15 mi n) .  They wer e st or ed f or  var i ous t i mes r an­
gi ng bet ween 0 and 8 mont hs ( St epkowska and Jef -  
f er i s,  1992,  1983,  1988,  see paper  7/ 24) .

Resul t s of  t hese i nvest i gat i ons may be summa­
r i zed a3 f ol l ows:

(1)  St i r r i ng at  a hi gh ener gy causes t he del a-  
mi nat i on or  even desi nt egr at i on of  smect i t e par ­
t i cl es,  t hus an i ncr ease i n speci f i c sur f ace,  
whi ch may sor b an i ncr eased amount  of  wat er  and 
r esul t  i n an i ncr eased vi scosi t y of  t he suspen­
si on.

(2)  The i nf l uence of  st i r r i ng t i me i s si mi l ar  
t o t hat  of  st i r r i ng ener gy.  Thi s may be Joi nt l y 
descr i bed as t he i nf l uence of  st i r r i ng act i on,  
wher e" act i on"  i s def i ned as ener gy mul t i pl i ed by 
t i me.  Thus whet er  t he st i r r i ng ener gy or  t he 
st i r r i ng t i me i s i ncr eased by a gi ven f act or ,  
t he r esul t  shoul d be t he same.

( 3)  At  an i ncr eased concent r at i on of  t he ben­
t oni t e suspensi on t he di st ur bance of  bent oni t e 
par t i cl es may be easi er :  t her e i s a hi gher  pr o­
babi l i t y of  i nt er par t i cl e cont act s,  whi ch at  
st i r r i ng may l ead t o st r i ppi ng of  separ at e smec-  
t i t i c uni t  l ayer s whi ch f or m a par t i cl e,  or  even 
t o st r i ppi ng of  separ at e l ayer s ( t et r ahedr al  si ­
l i ca l ayer  or  oct ahedr al  gi bbsi t e or  br uci t e 
l ayer )  f r om t he uni t  l ayer  i t sel f .  Thus an i ncr e­
ased concent r at i on has qual i t at i vel y a si mi l ar  
r esul t  as an I ncr eased 3t i r r l ng act i on.

( 4)  The I nf l uence of  st or i ng t i me i s compl ex:  
i ni t i al l y t he par t i cl e del ami nat i on pr oceeds,  i . e.  
a decr ease i n par t i cl e t hi ckness.  Thi s pr ocess
i s r ever si bl e and an i ncr ease i n par t i cl e t hi ck­
ness st ar t s t o f ol l ow af t er  ca.  t wo mont hs.  Thi s 
i s connect ed wi t h an i mpor t ant  change of  aggr e­
gat i on st at e of  t he suspensi on:  cl ay par t i cl es 
i n par al l el  ar r angement  f or m cl ust er s,  t hese 
f or m aggr egat es,  whi ch ar e aggr egat ed f ur t her ,  
f or mi ng a mor e or  l ess r egul ar  " aggr egat e l at t i ­
ce"  ( i n anal ogy t o cr yst al  l at t i ce)  wi t h vacan­
ci es or  macr opor es f i l l ed wi t h wat er  and/ or  wat er  
vapour  and i n unsat ur at ed st at e f i l l ed wi t h ai r .
I t  was f ound i n scanni ng el ect r on mi cr oscope 
( SEM)  st udy t hat  t he r egul ar i t y of  shape of  t hese 
aggr egat es i ncr eases wi t h t he st or i ng t i me of  
t he suspensi on.  The aggr egat i on pr ocess st ar t ed 
i n unst or ed suspensi ons but  t he shape of  t he ag­

gr egat es was not  r egul ar  or  t hei r  r egul ar i t y was 
poor .  Af t er  sever al  mont h st or age t her e wer e 
f ound some aggr egat es of  an al most  r egul ar  cubi c 
f or m,  separ at ed by pl ane par al l el  f i ssur es.  The 
wi dt h of  t hese f i ssur es was t he gr eat er ,  t he 
bi gger  t he aggr egat es wer e and i n some pl aces i t  
was evi dent  t hat  t hose aggr egat es wer e composed 
of  smal l er  ones.  I t  i s i nt er est i ng t o not e,  t hat  
aggr egat i on r eached t he macr oscopi c l evel :  f or  
mi cr ost r uct ur al  st udi es t he suspensi ons wer e 
dr i ed i n gl ass cyl i nder s,  0=5cm,  h=5cm,  ei t her  
at  r oom t emper at ur e or  at  45 C.
Unst or ed and dr i ed speci mens f or med i r r egul ar  
and r el at i vel y t hi n compact  f l akes,  or  t hey de-  
si nt egr at ed i nt o i r r egul ar  pi eces.  Af t er  sever al  
mont h st or age t he suspensi ons i ndi cat ed a uni ­
f or m dr yi ng def or mat i on,  i ni t i al l y t o a coni cal  
shape.  The dr i ed r esi dual s of  st or ed suspensi ons 
had a bi gger  vol ume and a much mor e r egul ar  
shape t han t he unst or ed ones.  Some speci mens 
wer e I deal l y cyl i ndr i cal ,  some desl nt egr at ed i n­
t o t wo or  t hr ee equal  par t s,  some f or med a t i l ­
t ed cyl i nder .  I t  i s i nt er est i ng t o not e t hat  t he 
macr oscopi c shape of  t he dr i ed r esi dual s r ef l ec­
t ed t he f or m of  mi cr oscopi c aggr egat es,  pr esent  
i n t he gi ven suspensi on.  Thi s i s agai n an anal o­
gy wi t h t he shape of  cr yst al s,  whi ch r ef l ect s 
t hei r  i nt er nal  cr yst al  st r uct ur e ( compar e t he cu 
bl c shape of  t he cr yst al s of  sodi um chl or i de) .

Fi nal l y i t  shoul d be ment i oned t hat  bent oni t e 
suspensi ons separ at e i nt o t hr ee mi cr ost r uct ur al  
phases:  par al l el ,  cl ust er  and f l oe st r uct ur e.
Al so phase separ at i on occur ed i f  bent oni t e par ­
t i cl es wer e desl nt egr at ed, dur i ng st i r r i ng,  I nt o 
smal l er  uni t s ( si l i ca,  al umi na et c. ) .  Af t er  t he 
sui t abl e st or i ng t i me and/ or  event ual  heat i ng 
t hese phases coul d t r ansf or m i nt o new mi ner al s:  
si l i ca i nt o quar t z or  cr i st obal l i t e,  par al l el  
st r uct ur e i nt o par agonl t e,  cl ust er  st r uct ur e i n­
t o f el dspar  and f l oe st r uct ur e I nt o zeol i t es.

These new mi ner al  phases wer e obser ved i n SEW 
and i dent i f i ed by XRD and event ual  chemi cal  com­
posi t i on det er mi nat i on.

Some of  t he pr obl ems di scussed above wer e pr e­
sent ed i n mor e det ai l  i n Pr oceedi ngs of  t hi s 
Conf er ence ( F&per  7/ 24 and Di scussi on) .  Ot her  
pr obl ems wi l l  be pr esent ed el sewher e as t he 
summar y of  t hi s st udy.

I t  shoul d be ment i oned i n concl usi on t hat  al l  
t he pr ocesses descr i bed above may be easi l y un­
der st ood i f  equi l i br i um of  i nt er act i ons bet ween 
st r uct ur al  el ement s i s consi der ed,  i . e.  van der  
Waal s at t r act i on and di f f use l ayer  r epul si on.
Al so cont act  bonds may be of  i mpor t ance.  To f ul ­
f i l l  equi l i br i um condi t i on of  bal ance of  f or ces,  
t he syst em i s subj ect  t o change pr esent ed above.
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A th e n s ,  G re e c e

r i al  was  d r i l l ed  wh i c h  y i e l ded  c or e  r ec ov e r y  
v a r y i ng  b e t we e n  80 and  100 per c en t .  Sand and 
s u b - angu l a r  t o s ub r ounded  gr av e l  mi x e d  wi t h  ce-  
me n t - b e n t o n i t e  ma t e r i a l  was  f ound at  v a r i ous  
dept hs  i n about  h a l f  of  t he bor eho l es .

The r es u l t s  of  t he f i e l d  p e r me a b i l i t y  t es t s  i n 
bo t h  t he v e r t i c a l  and i nc l i ned  b o r e h o l e s  s howed 
t hat  t he CB d i a p h r a g m wal l  c an be  c o n s i d e r e d  t o 

be i mper meab l e .  I n gener a l ,  t he p r e s e n c e  of  
s and and g r av e l  i n t he c e me n t - b e n t o n i t e  mi x t u r e  

di d not  a f f ec t  t he p e r me a b i l i t y  of  t he wal l .  The 
h i g hes t  v a l ue  of  t he c oe f f i c i e n t  of  pe r mea b i l i t y  

t hat  was  obs e r v ed  at  t wo l oc a t i ons ,  was  of  t he 
o r de r  of  10" 7m/ s ec .

A n u mb e r  of  v e r t i c a l  and i nc l i ned  b o r e h o l e s  wer e 
r o t a r y  d r i l l ed  a l ong  t he c en t e r  l i ne of  t he c e ­
me n t - b e n t o n i t e  ( CB)  d i a p h r a g m wal l  of  a l ar ge 
h y d r o e l e c t r i c  dam i n Gr eec e.

Thes e  bo r e h o l e s  wer e  d r i l l ed  f or  t he pur pos e  of
( a)  c hec k i ng  t he homo g e n e i t y  of  t he wa l l , ( b )  me a ­
s u r i ng  t he p e r me a b i l i t y  of  t he j o i n t s  b e t we e n  
pane l s  by  means  of  pac k e r  p e r me a b i l i t y  t es t s ,  
and  ( c)  c a r r y i ng  out  l abo r a t o r y  t es t s  on c or es  
of  t he h a r d e n e d  c e me n t - b e n t o n i t e  mi x t u r e .

BRI EF DESCRI PTI ON OF THE CB CUT- OFF WALL

The c e me n t - b e n t o n i t e  ( CB)  d i a p h r a g m c u t - o f f  wal l  

has  a wi d t h  of  0. 8 m and ex t ends  f r om g r o u n d  s u r ­

f ac e t o a dep t h  of  about  25 met er s .

The  c o n s t r u c t i o n  of  t he wal l  i s done  i n a s er i es  

of  a l t e r n a t i n g  pr i ma r y  ( P)  and s ec ondar y  ( S)  p a n ­
e l s  wh i c h  ar e ex c av a t e d  us i ng  a c e me n t - b e n t o n i t e  

s l ur r y .  At  t he end of  t he e x c a v a t i on  t h i s  s l u r ­

r y  i s l ef t  i n t he t r enc h t o har den .  Onc e  a pa i r  
of  p r i ma r y  pane l s  ar e s u f f i c i en t l y  h a r d  t he i n ­
t e r v en i ng  s ec onda r y  panel  i s ex c av a t ed .  At  t he 
s ame t i me a s mal l  p o r t i on  of  eac h of  t he s ec ond ­
ar y  pane l s ,  i s ex c a v a t e d  t o ens ur e  a good c o n ­
nec t i on  b e t we e n  panel s .

The c omp o s i t i o n  of  t he CB mi x t u r e  t hat  was  us ed  
f or  t he c o n t r u c t i o n  of  t he d i a p h r a g m wal l  was  as 
f o l l o ws :

Cemen t  Ty pe  I

Wa t e r - c e me n t  r a t i o  w/ c  = 2. 6 

Ben t o n i t e  161 by  we i g h t  of  c ement  

Re t a r de r  34.  by  we i gh t  of  c ement

BASI C GROUT MATERI AL S

The bas i c  g r ou t  ma t e r i a l s  u s ed  had  t he f o l l owi  

p r o p e r t i e s :

Wat er :  Ri v e r  wa t e r  
pH at  20 ° C 

Cement :  Po r t l and  Ty pe  I

Bl a i ne  f i nenes s ,  ASTM C 204 

Ti me of  set ,  ASTM C 191

Ben t o n i t e  ( Sod i um ac t i v a t ed )  :

L i qu i d  l i mi t ,  ASTM D 423 

Pl as t i c  l i mi t ,  ASTM D 424 
pH of  s l ur r y  wi t h  wa t e r  c o n ­

t en t  c l os e  t o l i qu i d  l i mi t

RESULTS OF FI ELD I NVESTI GATI ONS 

I n gener a l ,  p u r e  c e me n t - b e n t o n i t e  h a r d e n e d  mat e-

RESULTS OF L ABORATORY TESTS

The l a b o r a t o r y  t es t s  on c o r es  of  h a r d e n e d  c ement -  

b e n t o n i t e  mi x t u r e  f r om t he bo r eho l es ,  y i e l ded  

t he f o l l owi ng  r es ul t s :

Hi gh  wa t e r  c on t en t  v a l ues  v a r y i ng  b e t ween  

a mi n i mu m of  110 and a ma x i mu m of  220 p e r ­
c en t  .

Low dr y  un i t  we i g h t  v a l ues  v a r y i ng  b e t ween
0. 38 and  0. 65 t / m̂ .

Spec i f i c  g r av i t y  of  g r a i ns  was  f ound t o v ar y  
b e t we e n  2. 48 and 2. 62.

Fi gur e 1.  Typi cal  st r ess pat hs f r om t r i axi al  t est s 
on cor es f r om exi st i ng CB di aphr agm wal l

Fi gur e  1 i s a t y p i c a l  p - q  d i ag r am of  c ons o l i d a t e d  

un d r a i n e d  t r i ax i a l  t es t s  on c or es  f r om t he CB 
d i aph r a g m wal l .  The  ang l e  a i s equal  t o 39 d e ­

g r ees  wh i c h  means  t hat  t he c o r r e s p o n d i n g  (p ang l e  

i s equal  t o 54 degr ees .

Fi na l l y ,  p i nho l e  t es t s  wh i c h  wer e  c a r r i e d  out  a c ­
c o r d i ng  t o t he me t h o d  d e s c r i b e d  by  Sh e r a r d  et  al  
( 1976)  and by  Coumo u l o s  ( 1976) ,  s howed  t hat  t he 
h a r d e n e d  c e me n t - b e n t o n i t e  mi x t u r e  i s not  e r od i b l e .
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Inv ited  d is c u s s io n : D e s ig n  a n d  c o n s tru c tio n  o f a sp h a lt 

m ix tu re  d ia p h ra g m  

D isc u s s io n  d ’un  c o n fe re n c ie r  in v ite : D im e n s io n n e m e n t 

e t c o n s tru c tio n  d e  v o ile s  a v e c  un m e la n g e  d ’a s p h a lte

V O S H IO  O H N E , D e p a rtm e n t  o f C iv i l  E n g in e e r in g , A ic h i In s t i tu te  o f 

T e c h n o lo g y , T o y o ta , J a p a n

SYNOPSI S: I t  i s a mat t er  of  gr eat  concer n how t o cont r ol  

seepage under  t he dams whi ch ar e cons t r uc t ed on t he 

compar at i vel y  per v i ous  f oundat i on.  Whi l e concr et e d i a ­

phr agm . par al l ei  t o t he dam axi s have of t en been adopt ed 

as one of  t he ef f ec t i ve met hods  of  f oundat i on t r eat ment ,  

some of  essent i al  pr obl ems i nvol ved i n t he pr ocedur e have 

been poi nt ed out .  These ar e,  f or  i nst ance,  di f f er ent i al  

set t l ement  of  f oundat i on ar ound t he di aphr agm,  and 

l ooseni ng and/ or  c r ack i ng i n sur r oundi ng i mper v i ous  cor e 

whi ch mi ght  be ant i c i pat ed t o occur e dur i ng ear t hquake 

due t o t he di f f er ence i n magni t ude and v i br at or y  mode 
of  def or mat i on bet ween t hem,  t hi s  wi l l  be caused by 

di f f er ent  r i gi d bet ween f oundat i on and di aphr agm.  I n 

or der  t o avoi d such undes i r abl e def or mat i on,  concr et e 

di aphr agms have ever  cons t r uc t ed at  t he out s i de of  

ups t r eam dam as shown i n f i gur e 1.  Thi s met hods  however  

wer e not  onl y  economi cal  but  al so hav i ng t echni cal  

di f f i cul t i es  on t he cons t r uc t i on at  f or mi ng i r r egul ar  

abat ment s  whi ch cont ac t  wi t h cor e zone.  Under  t he 

c i r cums t ances  some asphal t  mi x t ur es  have r ecent l y  been 
t r i ed t o use as a mat er i al  of  t he di aphr agm.

I n t hi s  paper ,  some of  di scuss i on ar e made,  on t he des i gn 

and cons t r uc t i on pr ocedur es  of  asphal t  mi x t ur e di aphr agm 
whi ch wer e adopt ed at  t hr ee ear t h dams ( YAMAMURA1 ), SHORI  

and MAI YAMA)  bui l t  on t he per v i ous  f oundat i ons.  I n al l  

t hese cases,  a nar r ow t r ench was f i r s t  excavat ed i n t he 

f oundat i on and asphal t  mi x t ur e was pour ed i n i t  t hr ough 

t r emi e pi pe,  i n whi ch dr y  wor k was done at  YAMAMURA dam 

by pumpi ng out  wat er  i n t he t r ench,  wher eas  asphal t  

mi x t ur e was pour ed i n bent oni t e s l ur r y  i n anot her  t wo 

cases.  I t  has no t r oubl e exper i enced i n dr y  wor k,  but  

some t r oubl es  such as j et t i ng of  s t eam t hr ough t r emi e pi pe 

and smal l  s t eam expl os i on i n t he pi pe t ook  pl ace dur i ng 

pour i ng.  These shor t comi ng wer e,  however ,  l at er  over come 

by det ai l  exami nat i ons  on t he pr ocedur e,  and a f ul l y  saf e 

c ons t r uc t i on was at t ai ned1 1 4K

DESI GN OF ASPHALT DI APHRAGM

1)  Fl ex i bl I i t y  of  Di aphr agm 

I t  has been known vei l  t hat  t he ex i s t ence of  

st r uct ur es whi ch have di f f er ent  r i gi d I n t he dan body or  

f oundat i on may change t hei r  v i br at or y char act r l s t l cs  of  

ent i r e body of  t he f i l l  dur i ng ear t hquake.  I n or der  t o 

l nvasl l gal e l ocal  and over al l  behavi or s of  such 

st r uct ur es due t o v i br at i on,  shaki ng t abl e t est s wer e 

per f or med on model  ei banki ent s  wi t h a di aphr agi  of  

di f f er ent  f l exi bi l i t i es.

Test s  wer e conduct ed on sever al  l odel  f i l l  wi t h 

di f f er ent  l odul i  of  el ast i c i t y  of  cor e( Ec)  and di aphr agi  

( Ev) .  f l ex i bi l i t y  of  ear t hf 111 bei ng kept  const ant .

wher e t he r at i o( Ew/ Ec)  was var i ed I n f i ve st eps as 

10. 25. 30. 40 and 100.

Each l odel  was shaked al  f r equenci es f r oi  2 Hz t o 

12 Hz.  I n si x st eps,  by I ncr easi ng t abl e accel er at i on up 

t o a l ax i i ui  val ue of  200 gal s.

Typi cal  v i br at or y  l odes of  f i l l  ar e pr esent ed i n 

f i gur e 2( a)  f or  t he case Ew/ Ec- 40 and I n f i gur e 2( b)  f or  

t he case Ew/ Ec- 25.  at  a r epr esent at i ve t abl e 

accel er at i on of  a - 200  gal  and f r equency of  v i br at i on of  

f - B Hz.  I t  I s obv i ous I n f i gur e 2( a)  t hat  an abr upt  

change appear s I n l at er al  movement  of  t he cor e ar ound 

t he l op of  t he wal l ,  wher eas r at her  uni  f or i  v i br at or y  

■ ode i n f i gur e 2( b)  shows subst ant i al l y  l i t t l e I nf l uence 

of  t he wal l  on f i l l  l ovei ent .

These t est  r esul t s have r eveal ed t hat  such 

undesi r abl e movement  ar ound t he vai l  as i ndi cat ed I n 

f i gur e 2( a)  may be caused mai nl y  by t he l ar ge di f f er ence 

i n f l exi bi l i t y  bet ween t he vai l  and t he f i l l ,  even 

t hough t he f r equency of  v i br at i on I s anot her  l nf l uencl al  

f act or  t o be r egar ded.

As shak i ng t abl e t est s per f omed her e ar e nol  

t hor oughl y  consi s t ent  v l t h s i mi l i t ude r equi r ement s.  I t  

I s supposed di f f i cul t  t o appl y  t he above- ment i oned t est  

r esul t s di r ec t l y  I n t he es t i mat i on of  act ual  behavi or s  

of  dams dur i ng ear t hquake.  I n v i ew of  t he f act ,  however ,  

t hat  addi t i onal  numer i cal  exami nat i ons by FEM have 

y i el ded s i mi l ar  r esul t s as t hose pr esent ed by 

exper i ment s.  I t  l i ght  be r easonabl e t o concl ude t hat  

undes i r abl e l oveaent  ar ound t he wal l  may not  be so 

si gni f i cant  I f  t he f l exi bi l i t y  r at i o Ev/ Ec I s bel ov 25.

( D C u t - o i t  w a i '

F I G - 1  N I S S H I N  D A M

( a )  E j f - t c  ^ 4 0  Cb> E^ t c  2 5
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Mat er i al  f l ex i bi l i t y  of  wal l  was so speci f i ed as t o 

sat i sf y t he r equi r ement  of  Ew/ Ec S 25 i n t he abovesal ed 

t hr ee ear t h dams.

2)  Composi t i on of  Asphal t  Mi xt ur es

I n addi t i on t o havi ng a speci f i ed f l exi bi l i t y,  

asphal t  mi xt ur es f or  use as a mat er i al  of  wal l  shoul d 

sat i s f y  sever al  ot her  r equi r ement s.  These ar e f or  

i mper meabi l i t y  t o cont r ol  seepage under  t he dam,  

st abi l i t y  agai nst  cr eep t o pl event  asphal t  bi t umen f r om 

bei ng squeezed out  by t he act i on of  t he hydr ost at i c  

pr essur e,  and adequat e wor kabi l i t y  t o obt ai n 

sat i s f act or y f l ow t hr ough t r emi e pi pe.

Fl exi bi l i t y  of  asphal t  mi x t ur e change under  a 

const ant  composi t i on dependi ng mai nl y on t he appl i ed 

conf i ni ng pr essur e and i t s t emper at ur e.

Dynami c t r i axi al  compr essi on t est s wer e car r i ed 

out  t o det er mi ne t he shear  modul us of  r i gi di t y of  t he 

mat er i al  al  an expect ed l owest  t emper at ur e of  

under gr ound wat er  of  12 ”C and under  a conf i ni ng 

pr essur e of  200 KN/  rrf .

Concer ni ng s t abi l i t y  agai nst  cr eep,  a speci f i cat i on was 

set t l ed so as t o sat i sf y t he r equi r ement  t hat  squeezi ng 

of  asphal t  bi t umen never  come out  under  t he act i on of  

wat er  pr essur e t wi ce as much as t he maxi mum i n- si t u 

hydr ost at i c  pr essur e,  at  an expect ed hi ghest  l empr at ur e 

of  under gr ound wat er  of  16”C.

Wor kabi l i t y  of  asphal t  mi x t ur e changes dependi ng 

on i t s f l ui di t y,  whi ch i s af f ect ed by t he cont ent  of  

par af f i n oi l  and t he t emper at ur e when i t  i s pl aced.  I t  

was deci ded i n t hi s r espect  t hat  asphal t  mi xt ur e of  i t s 

sl ope f l ow val ue bei ng mor e t han l OOcm/ mi n,  shoul d be 

pl aced al  a t emper at ur e of  over  110 °C.

Al l  of  t he r equi r ement s ment i oned above wer e 

ar r anged commonl y i n t he des i ghn of  asphal t  mi x t ur e at  

t hr ee ear t h dams,  and composi t i ons of  asphal t  mi x t ur e on 

cach dam wer e shown i n t abl e 1.

T c iD ie - 1  

Co mp o s i t i o n  of

\  DAM
NAHE

C0BD0>\
si t i or f v^

YAHAMURA SOHRI HAI YANA

Sand 63. 6% 61. 0% 53. 3%

F i ter 21. 2% 20. 0% 28. 7%

Strai ght  
Asohal t 15. 2% 15. 5%

.......

14. 5%

Paraf  in 2. 5% 3. 5% 3. 5%

Penet rat i on 63 81 89

Sof teni ng 71 r 49 *C 46.5r

CONSTRUCTI ON OF ASPHALT MI XTURE DI APHRAGM

1)  Excavat i on of  Tr ench

The t r ench was 43 cm wi de and excavat ed t o t he 

r equi r ed dept h ( about  1 0 ~3 0 m) .  i n whi ch t he f or med 

sect i on of  a t r ench was f i l l ed wi t h bent oni t e s l ur r y  t o 

pr event  f ai l ur e of  t he ver t i cal  wal l s  of  gr anul ar  

soi l . The excavat i on was pr oceeded al  ever y ot her  span of  

2 ~ 5 . 8  m as shown i n f i gur e 3.

2)  Under wat er  Pl acement  of  hot  Asphal t  Mi xt ur e

I t  was al r ady ant i c i pat ed t hat  under wat er

pl acement  of  asphal t  mi xt ur e heat ed over  100”C woud be 

acconpani ed by such undesi r abl  s i t uat i ons as boi l i ng of  

wat er  al  t he cont act  sur f ace and cool i ng down and 

har deni ng of  asphal t  mi x t ur e whi ch i nt er f er es pour i ng 

oper at i on.

Labor at or y and f i el d t est  r esul t s r eveal ed,  

however ,  t hat  cool i ng of  asphal t  mi x t ur e Lakes pl ace 

onl y  at  t he cont act  sur f ace wi t h wat er  and never  r eaches  

t o t he i nt er i or  when t he mat er i al  i s success i vel y  

suppl i ed.  Thi s  f act  conf i r med f easi bi l i t y  of  under wat er  

pl acement  of  asphal t  mi x t ur e wi t h l i t t l e obj ect i on 

except  f or  some smal l  boi l i ng of  wat er  at  t he cont act  

sur f ace.

And anot her  pr obl em was t o pr event  l eaki ng of  

wat er  i nt o t r emi e pi pe.  Thi s  was.  however ,  sol ved by 

usi ng oi l - pr essur e t ype s l i di ng val ue.

3)  Const r uc t i on j oi nt  of  Di aphr agm

Si nce t r ench excavat i on and of  asphal t  mi x t ur e was 

pr oceeded al t er nat el y  by di v i di ng t he whol e span of  t he 

wal l  i n sect i ons,  j oi nt s wer e needed t o cont r uct  bet ween 

adj acent  asphal t  st r i ps.  Among var i ous t ypes of  j oi nt  

usual l y  adopt ed i n t he const r uct i on of  concr et e 

di aphr agm,  such as ( 1)  i nt er l ocki ng t ype.  ( 2)  sl eel -  

pl at e par t i t i on t ype,  and ( 3)  pr ecast  concr et e t ype,  t he 

i nt er l ocki ng t ype of  j oi nt  was empl oyed her e by maki ng

Hot asphalt mixture
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use of  paper - made pi pes of  43 cm i n di amet er .  Paper - made 

pi pes t hus used wer e f or  t he pur poe of  maki ng t r ench 

excavat i on eas i er  af t er  har deni ng of  pr ecedi ng sect i on 

of  asphal t  mi xt ur e.

4)  Temper at ur e of  Asphal t  Mi xt ur e

Fi el d obser vat i ons  wer e per f or med i n t hi s pr oj ect  

t o st udy t emper at ur e change of  asphal t  mi xt ur e dur i ng 

and af t er  pl acement .  Fi gur e 4 shows a t emper at ur e 

di s t r i but i on i n a t r ench when asphal t  mi x t ur e i s pour ed 

t hr ough t r emi e pi pe.  Temper r at ur e i n t he i nt er i or  of  

asphal t  mass,  about  10cm bel ow t he cont act  sur f ace wi t h 

wat er ,  i ndi cat ed ar ound 140 ° C.  whi ch i s al most  equal  t o 

t he wor k i ng t emper at ur e.  I n t he upper par t  of  t he mass.

4 ~ 5  cm bel ow t he sur f ace,  t emper at ur e changed 

r epeat edl y i n t he r ange Tr on 120° C t o 130 ° C ; t hi s may 

be caused by t her mal  convet l on wi t hi n t he mass.

Near  t he cont act  sur f ace,  about  5 cm above i t .  

wat er  al so exhi bi t ed r epeat ed change of  t emper at ur e i n 

t he r ange f r om 60 ° C t o 70° C.  wher eas al most  const ant  

t emper at ur e of  20 ”C was obser bed about  10cm above t he 

sur f ace.  These r at her  uni f or m,  not  ext r emel y di sor der ed 

t emper at ur e di s t r i but i ons suggest  t hat  mat er i al  

separ at i on due t o boi l i ng of  wat er ,  whi ch had been 

ant i c i pat ed i n t he des i gn st age,  i s unl i kel y.

F I G . - 4  Tem pera tu re  D is t r ib u tio n  ,n  a T re n c n  D u r in g  P o u rin g

CONCLUSI ONS

Conc l udi ng r emar ks dr awn f r om t he pr esent  st udy ar e 

summar r i zed i n t he f ol l owi ng.

1 )  I n t he des i gn of  asphal t  mi x t ur e di aphr agm,  

composi t i ons of  asphal t  mi xt ur es wer e det er mi ned by 

t aki ng i nt o account  t he r equi r ement s f or  moder at e 

f l ex i bi l i t y  t o avoi d undesi r abl e def or mat i on wi t hi n an 

embankment ,  st abi l i t y  t o obt ai n sat i s f act or y f l ow 

t hr ough t r emi e pi pe.  Concer ni ng mat er i al  f el i xi bi I i t y.  

an appr i pr l at e st andar d t o obt ai n uni f or m f i l l  movement

coul d be set  up t hr ough l abor at or y shaki ng t abl e t est s 

on model  f i l l s.

2 )  Among ot her  t hi ngs,  under wat er  pl acement  of  hot  

asphal t  mi x t ur e was a mat t er  of  gr eat  concr en i n t he 

const r uc t i on of  asphal t  mi x t ur e di aphr agm.  Dl scssi ons  

wer e made on t he ef f ect s of  boi l i ng of  wat er  al  t he 

cont act  sur f ace,  cool i ng and har deni ng of  asphal t  

mi xt ur e dur i ng pour i ng,  and l eak of  wat er  i nt o t r emi e 

pi pe.

3 )  To pr event  st eam j et t i ng and expl os i ons due t o 

l eakage,  some I mpr ovement s wer e pr oposed f or  l l p- val ve 

f unct i on of  t r emi e pi pe.  The r esul t  was r at her  

sat i s f ac t or y  and a f ul l y saf e pr ocedur e was at t ai ned i n 

di aphr agm const r uei on.

4 )  Fi el d obser vat i on r eveal ed t hat  boi l i ng of  wat er  

and t empar at ur e change of  t he mat er i al  di d not  af f ect  

pour i ng oper at i on and t hor oughl y homogeneous asphal t  

mass was f or med wi t hout  any si gn of  mat er i al  separ at i on.
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