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SPECIALTY SESSION 7

METHODS OF SOIL STABILIZATION (CHEMICAL,SLURRY TRLNCH
CONSTRUCTION, etc.)

Chairman: Mr.H.Cambefort (France)
Vice-Chairmen: Prof.B.A.Rzhanitsyn (USSR),Prof.A.N.Adamo­

Vich (USSR)
V,E,S0k010v1ch (USSR),A.N.Adamovioh (USSR),

T.Yahiro,H.Joshida EJapan),A.Van Wambeke (30161­que), I.M.Litvinov USSR)» MI'-F°=1°u== (I'ren°°).
H.K.S.M.Begemann (Netherlands),N.A.Tsytov1ch,
ra.A.xu-unix (Ussn), E.I.mu1,5uxov (USSR),
K.Skarzynska (Poland), Kotulsky V.V. (USSR)

Participants:

Chairman Hrlluambefort (France)
Les Methodes de renforcement des sols qui

font l'objet de cette Section sont relative­
msnt nombreuses,aussi nous a-t-il paru neces­
saire de limiter les sujets a quelques proce­
des d'application pratique. C'est ainsi que
les questions posees concernaient:
1- les injections chimiquss augmentant forte­

ment les caracteristiques mecaniquss des
sols meubles

2- lee effets de la congelation et du degelsur la structure des sols
3- la realisation des parole moulees dans le

sol, sous ooulis d'argile
4- et la realisation des rideaux etanches sous

les barrages reposant sur des sols alluvi­
aux

J'ai donc elimine systematiquement
1- les communications relatives aux essais de

Laboratoire concernent la stabilisation
des sols utilisee en technique routiere
ainsi que les essais, plus ou moins elabo­
res mais non auivis d'applioat1on pratique,
et pouvant etre quelque fois dangereux,oo­
mme par exemple l'emp1oi de l'acide fluor­
hydrique

2- lea developpements mathematiques destines
a preciser certains points de la theorie
et sans aucune application pratique, com­me par exemple le calcul du ravon d action
d'une injection en terrain homogene et
isotrope.

5- et einfin toutes celles qui, quoique d'ap­
plioation pratique, ne repondaient pas aux
questions posees et ne presentaient auoun
interet partioulier: pieux moules,tirants,oaissons, eto ...
C'eat ainsi que j'ai retenu:

. six communications pour la l-ere question
(injections chimiques)

. trois communications pour la 5-eme questi­
on (parois moulees)

. et ix communic 1:1 1 4- ti­
on irraeaux e1=a§¢n2'5.p°ur a me qu”

Il n'y a eu aucune reponse a la 2-eme ques
tion (effets du gel et du degel). Par contre,
deux communications, hors qiestions mais
traitant de prooedes nouveau! ayant deja un
debut d‘appl1cation, m'ont paru pleinea d'in­teret. Elles sont toutes les deux relatives
a des precedes de consolidation:
- 1'une presentee par MM.E.De Beer et

A.Van Wambeke concerne 1° Pi1°Hn86°1ntens1I des sols suivant le precede de
L.Menard,

- l'autre de I.M.Litvinov sur la oonslidation
de certains sols,comme les loess,en co bi­
nant l‘immersion et des explosions pro­
fondes.

Ces deux methodes vont etre detaillees
par leurs auteurs

Parmi les dix sept oommunications retenues,
onze ne presentent ausun interet particulier
parce qu'e1les ne concernent que des rappela
de precedes connus,mais ellea seront evidem­
ment imprimees dans les comptee rendus. Par
contre, il y en a six qui apportent quelque
chose de nouveau. Plutot que d'en faire un
mauvais resume, j'ai demande a leurs auteurs
d'exposer leur sujet avec tous les documentsqu'i s estiment utilies. Apres chaque exposemewumdwwumnnmowwwmnnn
vous permettre de demander des explications
sur des points qui vous paraitraient obscure,
oe qui arrive presque toujours quand on est
oblige de limiter le temps de parole.

J'espere que ce processus augmentera votre
participation a la seance, et is donne toutde suite la parole a H.Sokolov tch qui va
dire comment on peut ameliorer l'efficacite
de l'injeotion de silicate de soude dans cer­
tains sols en les activant au prealable par
une injection de gaz carbonique.

Dr¢V.E.S0ko10Vich (USSR)

Mr.Chairman, dear colleagues,
The chemical grouting of soils is applied in
the Soviet Union for soft soils grouting in



the foundations of existing or erecting
siruotures,when constructing counterfiltra­
ticned curtains in the foundations of hydro­
teohnical structures and while passing throughc mineworkinge in the irrigate sandy soils.

Silicification of collapsing Loess soils
widespread in the Ukraine, the North Causa­
sus and the Republics of Middle Asia has
found a wide application in the foundation
engineering.lethod o collapsing loess soils silicifi­
cation is carried out by injection cfasodium
silicate through the injectors driven before
or borings. The consistggce cf this solutionis from 1.05 tc ll5 g/o . The instaneous
grouting and the increasing strength are themain advantages of silicif cation method.
The grcuted soil has become water-resistant,
water-proof and not collapsing. The soil
strength on uniaxial cgmpressicn in the grou­ted massif is 20 kg/cm .The main reaction of loess soils ailicifi­
cation in the nature of physico-chemical cha­
racter takes place on the surface of their
colloidal absorbing complex:

so c¢+n¢2o.n s1o2.x H20-ae 2la+Oa( B)2.
.n s1o,_,<=--1>n2o <1>

Interaction of alkaline silicate solution
and loess soil results in the instaneous
inferchanged reaction of sodium kathicn si­licate solution and the absorbed sodium ka­
thion. Under the conditions of strong alkali­
ne msdium ebsorbtion capacity of loess soilsincreases twice or thrice. Calcium kathion
pressed out in the alkaline mediu of silica­
te solution forms nonsoluble solid phase
Ca( E) , with the surface stronglg developedon whiah cilicic acid is absorbs .And as a
result cf it one can get a microlayer of new
grouting formations strengthening loess soil.

Dispersed plaster (gypsum) and calcium
carbonate are decompositioned owing to alka­li action and as a result of it a certain
antity of calcium o ide hydrate is formed.

However while silicifioating the active
components contained in loess soils .make
solidified only 50-50% of sodium silicate
solution injected into the soil. The comple­te silicification of sodium silicate is car­
ried out by additional treatment of silicifi­cated loess soil with carbon dioxide. The
gas treatment of silicificated loess soil
enables increasing the grouting volume twice
and the strengthening one and a half or two
times while consumption of sodium silicatesolution remains usual.

Aa experience shows in s number of cases
there is no necessity of strong grouting incollapsing loess soils bedded n foundation
bases. The sufficient stability of structu­
res can be reached if the soil is given non­
collapsing properties as a result of itschemical treatment. It is carried
out by gas ammonia treatment of loess (ammo­n1f1¢§t' 0n)|

I)

Qu­

x)ac - colloidal absorbing complex

BH

The method of am onification constitutes
the injecting of gas ammonia under the pres­
sure cf 0.25 atm. into collapsing sokl
through the injectors driven before or bor­
ings.

The injecting ammonia is absorbed by waterfilms of loess soil and is interacted with
its absorbing complex. As a result of ex­
changz reaction with the absorbed calciumhigh spersed hydrate of calcium oxide is
formed.

HB4
NHOa NH“4

PK Ca + 6 HB5 + 6820-'PK N344-2$Ca (0H)2Cs
N54

N “ (2)
It should be noted that 5-9 kgs of ammoniais absorbed saturating of lm of loess soil

and ensuring 10-17 kgs of highdispersed hyd­
rate of calcium oxide separation.

Carbonate calcium separated 1 interacted
with silice md coloidal cilici? acid of
soil, so viscous stabilizing soil consisting
uuxbuuube ualuium ani ulliuu in Iurmudu

For grouting of_sandy soils a new ec ncmicformula of one-solution method for silicifi­
cation has been worked out where higheffec­
tive fluorosilicic acid a cheap by-product
of superphosphated generation is useg. Theslow decomposition reaction of SiF ' (anion)in alkaline medium of silicated soiution and
high-potential acidity of luorcsilicio acid
acting in this medium as sixybased all this
has predetermined fluoroeilicic acid to be
the best Bnlidification substance (material)for silicated solution. Acid and alkali in­
teraction is expressed as follows.
6Na0H+H2SiF6=6NaF+2H20+Bi(0H)4 (3)

The reaction (5) shows that while acid se­
paration in silicated solution the additional
quantity of silicic acid is separated,promo­
ting the increasing efficiency of silicic

acid gel and its strength._Silicic acid
gels produced are the cheapest and the stren­
gthest ones.

The sands grouted by them have the strength
on uniaxial compression equaled to 40-50 kg/one

During last years the researches in gasous
silicification of sandy, soils have been
carried out. They constitute preactivity ofsoil by its treatment with carbone dio de
gas and following tie injection of silicatedsolution into s 1.

Carbon dioxide gas is injected into soilfor the second time to sol dify finally thesilicated solution.
Alkali neutralization takes place in thesilicated solution in this case and as a

result of it the silicate modulus is increa­
sed and silicic acid groutin gel is formed.
The characteristic feature og the gasoussilicification method is the instaneous for­
mation cf silicic acid gel and sufficiently
high strength of grouting.



Urea formaldehyte resins, cheap and availa­
ble polimers, are widely applied in the USSR
when deep chemical grouting of soils is
needed. The have been used for carbonate
sands grouting and for preventing of filtra­
tion in hydrotechnical concrete structures.
The researches in the field of using the
effective claye -silicated solutions in allu­
vial aoils grouzing have been carried out.The addition of sodium silicate solution
in the mentioned solutions was reduced seven
times owing to the mobilization of silicic
acid contained in clay. At the same time the
researches connected with the receiving of
highregulating in time tixntropy for clayeyso utions prepared on the basis of the w des­
pread bentonite clays have been carried out.Thanks for attention.

Chairman lr.H.Cambefort (France)

Je r mercie M.Sokolovitch pour son interes­
sante communication et,asent de vous demand­
er de poser des questions,je voudrais insis­
ter sur un point qui me parait tres important.

Ce procede qui consists principalement a
injector du gaz carbonique dans le sol,ne
peut convenir que si cette injection est pos­
sible. Il est dono indispensable que le sol
ne soit pas sature ce qui limits evidamment
les ces d'appl1cat1on,car il y a beaucoupde pays ou es sols non satures sont rares
(mis a part evidamment les sables et gravi­
ers), et il est encore plus rare que l'onsit a consolider css sols.

I1 y a un eutrs prooede pour lequel il ya la meme restrict cn. C'est la cuisson,qui
elle non plus ne vaut rien dans les sols
eatures. Il a de nombreuses anness,J'ai
voulu stabiliser un glissement de terrain en
le faiaant cuire. Nous sommes tout simplement
arrives a fondre l'argile dans le voisinage
des flam es. Et un peu plus loin l'augmenta­
tion de ohaleur n'a pas ete suffisants pour
duroir l‘argile dans un volume raiscnnable.
Le prooede ne valait donc rien dans ce cas
gartioulier et le glissement a ete errete en'e drainant avec des forages subhorizontaux.

Ce point me parait suffisemment important
pour que J'y revienne tout a l'heure dans la
conclusion.

Quelqu'un a-t-il des questions-a poser?

Cos deux msthodes vent etrs detaillees par
leurs auteurs.

Parmi les dix sept communications retenues,
onze ne presentent aucun interet partioulierparce qu elles ne concernsnt que des rappels
ds procedes connus,mals elles seront evidam­
ment imprimees dans les comptes rendus. Par
contre,il y en a six qui apportent quelque
chose de nouveau. Plutot que d'en faire un
mauvais resume, J'ai-demands a leurs auteurs
d'sxposer leur sujet avec tous les documents
qu'ils estiment utiles.

Apres ces exposes, il y aura la pause, au
debut de laquelle vous pourrez donnara notre
Secretaire les questions pour lesquelles
vous desirez uns reponse. Apres une selec­
tion eventuslle avec les orateurs (qui voud­
ront bien rester dans le voisinage du bureau)
il y sera repondu a la reprise ds la seanceet avant les interventions orales. J'ai
choisi oelles-ci suivant le meme critere que
les communications eoritss, aussi il n'en
rests pas beaucoup, environ une sur quatre.

Je passe maintenant la parole a l.RJanitzin
qui va dire quelques monts_sur la consolida­tion des loess.

Prof e Be J\eRZBDitByn
lr.Chairman, dear colleagues, ­

The chemical grouting method of soils has
been already used for 40 years, and for these
years civil engineers succeded in solving a
number of complicated tasks. Hundreds of _
structures protected from the dangerous ds­
formations,tens of superstructured buildingsand counterfiltrationed curtains. That's a
short but not complete list of the obJects
where the high effective ch mlcal grouting
method of soils has been applied.

Such buildings as the Odessa Opera House,
the stage of the Bolshoi Th atre in Moscow,
the Kirov theatre in Leningrad, Moscow hyd­
ropower station, Bereznjakovskaya heating
and power plant, many living and industrial
buildings have been set on the chemicallygrouted soil, in this case "underpining'has been carried out under the conditions of
the continuous explotation of these buildings.
The stability of grouted soil and durabilityo the grout ng have been found out.

The gained experience makes it possible
applying widely the foundations made of sili­
cified loess for living and industrial buil­
dings and structures.

Technology of soils groutlng worked out
enables producing of high quality grouting
at any depth in the shortest possible time.
As it has been shown in the film at the ope­
ning of the Conference the structure of deep.
supports made of silicifisd 1oess`1s being
fulfilled as follows: boring is produced at
the whole loess collapsing thickness, uae
iniection of silicate grout is carried out
tw ce. The first ingestion is carried outat the four metres spth, the second-at the
whole remaining depth of the boring. Such
technology has been used while constructing
deep supports with the diameter of 2.4m and
the depth-25 m. The construction in Georgievek
town and a number of `dwelling buildings in
other towns was put into effect by applying
this technology.

The mathematical methods of linear program­
ming makes it possible to calculate the op­
timum profile of grouted massif as preciselyas possible.

The basis of calculations was the theoryof ultimate equilibrium.
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There are a number of zones in the grouted
aassif profile where the groutig is cha­racterised by different degree strength.
Thus, one can get a considerable technical
and economic effect. At present the carrying
out of the works on zero cycle with applica­
tion of moisturing and deep compaction of
collapsing soils requires as auch time as
half a year or a year.Loess silicification excludes time necessa­
ry for the works on zero cycle. As it has
been already observed on the construction of
pipe in the town Zaporozje the construction
o a building or an industrial enterprise
can be started right by the installation of
glasses under columns and erection of const­
ructions, taking into consideration rock bed
instead of collapsing loess.

Then hole boring and silicate solution in­
jection into soil and the erection of the
building are carried out simultaneously and
as a result of it deep supports are produced
cutting through the whole thickness of col­
lapsing soils. Thus the main advantages ofgroute soil foundations are economical ef­
fect, the speeding up of construction and
the eliminating of settlements when construc­
ting on collapsing soils.

Up to no: the problem of construction on
collapsing loess soils has not been completely
solved yet. Foundations made of chemically
grouted loess will solve this problem inthe nearest future.

Thanks for attention.

’T9feAd&l0V1Y0h A.N. (USSR)

A 1'heure actuelle on a deja construit qu­
elques grande barrages dans les regions duNord et de l'Est de 1'Union Soviet que (en
partloulier, en Siberia). Cette construction
renc ntre certaines diffioultes imputables
aux conditions climatiques rigoureuses carac­
teristiquss pour ces regions de notre pays.
C'est pourquoi nous sommes interesses a etu­
dier ces problemss complexes conditionnes
par la presence des so s permafrost danses fondations des ouvrages hydrauliques.

L'aocumulation de l'eau dans les retenues
de grande oapacite provoque le degel gradueldes sols co eles dans les fondat ons delH5
ouvrages hydrauliques. Ce fait peut condition­
ner 1'apparition de la filtration dans les
mls de fondotion, le developpement de oe pro­
cessus etant du a l'augmentat:Lon de l‘epais­
seur de la couche en degel.

L'autre probleme tres important est celui
de la rationnalite de la construction dans
ces regions des barrages en terre avec un
noyau artificiellement congele (au lieu du
noyau ordinaire) cree par la methods du com­
pactage par rouleau couche par couche en ar­
gile ou en argile sahleux.

Le programme du travarl de la section spe­
ciale VII prevoit l'examen de la question N2
consacree a "l‘influence du gel et du degelsur la structure des sols". ette question a
une valeur scientifiqus et pratique tres im­

portante pour la resolution de quelques
prob1emes_speciaux relatifs a la construction
des barrages en URSS. C'est a ce probl me
que sont consacrees les recherches effectu­
ees par les professeurs Tsytovitch N.A.,
Vialcv S.S., Zaretsky Ju.K., Trupak N.G.,
Bogoslovsky P.A., Oukhov S,B., Oukhova N.B.,Kronik Ia.L. et d'autres.

Il faut noter qu'1l exists uhe difference
considerable entre l'emploi de la methods de
oongelation dans l'industrie miniere,par ex­emp e pour le percement des tunnels, des
metros, des mines et d'autres excavations,et
l'emp1oi de cette methods dans la constru ti­
on hydrotechnique ou il est necessaire d'as­
surer les caracteristiques constantes,psr
exemple de prevenir la filtration dans les
fondations des barrages,ainsi que dans leurs
corps. Si dans l'industrie miniere l'emploi
de la methode de congelation a ordinairement
un oaractere provisoire,dans la construction
hydrotechnique moderne cette methode peutetre utilises non seulement co me une methods
provisoire, mais aussi comme une methode per­manente assurant le contour souterrain du
barrage,a savoir pour creer le voile en sols
congeles dans la fondation des ouvrages hyd­rauliques. La methcde de oongelation est ar­
gement employee sur un nombre diouvreges
construits au Nord de l'URSS pour prevenir
la filtration a travers le corps du barrageen terre.

Une experience tres interessante etait ob­
tenue sur le barrage en terre Ireliakh
ou la congelation s'effectua1t par la circu­lation de l'air froid naturel refoule a
l'aide des pompes a venti1ation,au lieu du
melange de refroidisssment. La hauteur du bar­
rage etait egale a 2Om, la profondeur du
voile en sols congeles etant pres de lOm. Leprcjet du barrage ~ prevoyait la realisation
d'une zone a cohgelation permanente travail­
lant en tant que le noyau impermeable du
barrage en terre et le voile dans la fonda­t on.

Les calouls detailles ont determine qu'en
premiere annee d'exploitation il est suffis tan
de realieer les injectio s de l'air froid na­
turel a temperature de 22 a 58°C au-dessous
du zero durant 6 mois,ulterieurement cette
temperature doit etre abaissee a cause de

Les auteurs du promet sont Wl.Korenkov G.I.

Semegov et d'autres (Guidroproekt de Lenin­grad .
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l'accum lation du froid a l'interieur du bar­
rage (une reserve du froid su fisante).

A l'heure actuelle apres B annees d'exploi­
tation on peut faire la conclusion qus lenmummmMdehvwuhumdemnm&s
sement durant 3-4 mois par an assure un re­
gime de congelation stable. Cela permet de_
prevenir la filtration tant a travers le bar­
rage que dans sa fondation.C'est pour la'rea­
lisation du controle meticuleux qu'on a fait
dans le corps du barrage les forages piezo­
metriques, ainsi que les forages speciaux po­
ur mesurer avec precision les temperatures
dans le sol. Ces mesures n'ont mis en eviden­
ce qu'une seule zone (au pied du deversoir)ou il s'est avere necessaire de realiser les
mesure: supplementaires pour assurer la con­
gelation complete.

L'analyse detaillee des observations effec­
tuees a demontre qus la stabilite du barrage
est assures completement, c'est pourquoi cet­
te methode de congelation sera employee pluslargement. Les recherches ont mon re que la
temperature mo enne dans le noyau du barrage
et gags le veils reste constamment inferieurea' s

Les observations sur la temperature a 1'ai­
de des thermometres a resistance ont ete rea­
lisees en 3 sections transversales du barra­
ge ou se trouvaient 20 forages de controls.
Les donnees obtenues se caracterisent par
une bonne coincidence, ce qui a permis de de­
finir les contours des champs de temperature
et de construire les isothermes correspon­
dantes.

Le caloul de la reserve du froid dans le
corps d'un barrage en terro etait effectue
selon l'equation:

Qfg Wg C; 31 £,;=   v
ou:

Wi- section d'un volume elementaire (m2)
- capacite thermique volumique (cal/m3°C)

t - temperature moyenne du sol dans le
volume elementaire

n - quantite de volumes elementaires
- surface de la section de caloul du

barrage.
On faisait le caloul de LB reserve du froid

selon cette formule pour ohaque annee; pour
la septieme annee d'exploitation elle etait
egale a 1490 kcal par an et pour la huitieme
annee elle etait egale a 850 kcal par an.

ans les regions a permafrost on rencontresouvent dans les lits alluvionnaires des ri­
vieres une couohe de "talik", c'est-a-dire
une oouche des scls non-congeles avec des
eaux souterraines a la temperature basse au­
dessus du zero. L'epaisseur d'une telle cou­
che varie en fonction des conditions clima­
tiques; parfoie quand la riviere est comple­
tenent gelee sur toute la profondeur la cou­
ohe de "talik" disparait.

Dans le cas d'une couohe de sol degele d'une
profondeur suffisante on peut y creer un

voile d'inJeot1on qui doit etree realise en
deux phases suocessives.

Durant la premiere phase
du voile ne s'effectus que
de la couche du sol degele
des ooulie contenant les additions des eels
CaCl et NaCl. Les recherches accomplies an
VNII& ont mcntre que ces additions assurent
le durcissement de tels coulis aux tempera­
tures basses au-dessus du zero.

La deuxieme phase commence apres la const­
ruction du barrage et seulement dans le cas
ou les observations_fa1tes dans les forages
de controle, ayant une profondeur au-dessous
de la oouche des sole degeles,demontrent qussous l'action de l'ecoulement ds filtration
a partir de la retenue il y a un abaissement
supplementaire de 1'isotherme zero qui condi­
tionne l'augmentailon de l'epa1eseur de la
couche des sole degeles. Cette methods de
realisation d'un voile a ete emplo ee sur
le ohantier d'un des barrages oonszruits dans
la partie. Est de Siberia sur la riviera
Vilui. Les observations sur le regime ther­
mique sont poursuivies jusqu'a present,cesobservations etant realisees VNIIG non seu­
lement dans lsplan du voile dans le 1it,mai|
aussi dans les aboutements. En meme temps on
mesure les niveau: des eau souterraines
dans les forages piezomstriques de controls.

Etant donno la diversite de la conductivite
thermique de differentes couches des scls
multicouches, le processus de congelation se
developpe a une vitesse differente,c'est
pourquoi les contours des isothermes,;/comp­ris l'isotherme zero sont complexes. (Fig.2)

La position instable de ces isothermss est
conditionnee par les variations saisonnieres
et mensuelles ds la temperature des eaux
gouterraines en contact avec les scls conge­es.

La variation de la position des isothermes
et surtout de l'1sotherme zero provoque non
seulement les differentes deformations des
scls a composition petrographique diverse,
mais aussi le regime thermique alternatifdans la zone des oscillations de 1'isotherme
zero. Cette circonstanoe peut fortement inf­
luencer les proprietes dhs scls en changeantleur structure et en diminuant leur resistan­
ce.

la realisation
dans les limi.tes
par l'injeotion

Les eoherohes effectuees sous notre direc­
tion pour l'un des amenagements hydro-e1eo­triques a l'0ural ont demon re que les cal­
oaires dyes soumis aus 25 cycles de gel jus­
qu'a 14°C au-dessous du zero n'ont pas acou­
se des changements quelconques de la struc­
ture. Sous les memes temperatures les dolomi­
tes dyas ont supporte 18 cycles d‘essa1s sans
changemsnts de structure; leur destruction
I/Prof.N.G.Trupak.Methoden zur Berechnung der

landdicke von Frostzy1indern.Symposium
Bohacht abtenfen und Injectionstechnik.
DDR Freiberg,1972.

xxDra§ui A.A.,charge de cours.Reoherches surla etermination des oaracteristiques ther­
miques des scls et des esux.-Bbornik Len.
guidroproekta,l94l, Gcseaergoizdat (les re­
cherches sont accomplice sous la direction
de l.Adamovitoh A.N.)
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commence seulement apres ces cycles. Les do­
lomites contenant le gypse (pres de 4%) ont
eu les chsngements de structure apres 4 cyc­
les du gel et la destruction apres 18 cycles.
Les dolcmites gypseux des 'couches sous-jacen­
tes oontenant 5% de gypse ont montre les me­
mes resultats que les echantillons pris dans
les couches se trouvant au-dessus,c'sst-a-di­
re apres 18 cycles d'essais. Les remaniemsnts
des marnes calcaires ont deja eu lieu apres
le l-ier cycle, leur destruction complete ay­
ant lieu apres le troisiame cycle du gel-degal.Les resultats de ces recherches ont demont­
re une resistance au gel insuffisante de qu­
elques couches dyas,ce qui a ete pris en con­
sideration dans le projet du voile d'inject1­
on. Ce voile d'inject1on est realise en ciments
speciaux a resistance aux sulfates elevee.
Dans les conditions susmentionnees quand il y
a les couches contenant le gypse la creation
du voile en sols congeles n'assurerait pas
evidemment une protection sure et de longuedures contre la filtration dans la fondation
du barrage.

Les facteurs indiques n'ont pas d'influenceconsiderable dans le cas ou la methods de
congelation est employee provisoiremsnt,par
exemple pour le foncage des puits cu pourl'e:cei:te des fcuillss a cial cuvert et d':u
tres excavations. Mais dans le cas de la-cre­
ation du voile en sols congeles dans la fon­
dation d'un barrage c'est tout a fait une aut­
re chose, car ce voile est prevu pour le fonc­
tionnement permanent. Dans ce cas le regime
hydrcdynamique des eaux souterraines aux gra­
dients de filtration assez slaves exige la
realisation du voile an sols congeles continu.Outre cela il faut assurer le bilan thermi ueQ
stable. Les variations de longue dures de 1'1­sotherme zero dans les limites d'une certaine
zone peuvent provoquer les changements defa­vorables dans la structure du sol et la dimi­
nution de sa resistance,ce qui est dangereux
pour la stabilite de l'ouvrage. C'est pourqu­
ci apres avoir fait les etudes pour l'amena­
§ement.indique d'0ural on a propose de ne pasisposer le voile an sols ccngeles sous le
barrage en beton, mais en amont de celui-ci
pour que ni les deformations imputables a la
ccngelation du sol,ni les variations de sastructure et de sa resistance n‘influencent
la fondation du barrage. Dans le cas ou le
voile en sols congeles est dispose en amont
du barrage,ce1ui-ci doit etre relie avec la
zone supsrieure du voile par un avant-radier
sur execute, par exemple, en argile ou en
beton asphaltique d'une'epaisseur necessaire.

Un autre avantage important d'une bella
.disposition reside dans le fait qu'en cas de
n°¢0BSiU° d'BU6msnter l'epaisseur du voile
(pour la protection plus efficaoe contre l'e­
coulement de filtration), cet elargissemsnt
de la zone de congelation n'atteindra pas
les sols de fondation du barrage. C'est tres
important car cette methods permet de conser­
ver les parametres geotechniques principaur
(l'angle du frottement interne_f et coeffi­
cient de cohesion C) admis dans les calculs
de la resistance au cisaillement du barrage.

Il faut ajouter qu‘un certain nombre de
chercheurs pensent qu'il est a prevcir un

elgrgisgemgnt successif du voile perma­
nent en sols congeles (malgre que cet elar­
gisssment soit sssez lent) pour eviter
l'influence nefaste des cycles gel-degel al­
ternss dans la zone de variation de lliso­
therme zero.(Fi5-5)

Les considerations exposees ci-dessus sont
relatives principalement aux ouvrages hyd­
rauliques rigidss,-cleat-a-dire aux barragos
en beton (barrages-voutes,barrages-poids),
et dans une certaine mesure au barrage enterre et en enrochements. Dans le dernier
cas la diminution de la resistance des sols
de fondation ne joue pas le role decisif
et doit etre prise en consideration seulement
parce que les remaniements des sols psuvent
conditionner une filtration plus forte dansla fondaticn.

Un des problemes tres importants pour le
calcul des voiles en sols congeles est la de­
termination des caracteristiques de resistan­
ce et de deformation des sols congeles.C'est
en vue de resoudre ces problemes qu'on a re­
alise de larges recherches thsoriquss et ex­
periemnntales tant en URSS qu'a l'etranger.
Parmi ces travaux il faut premierement citer
ceux de-MM.Lame et Gadoline, JBsten,Galankaet Valbrecker consacres aux calculs de l'e­
paisseur d'un annamx an anln nnngnlen nntmry­
d'un puits de mine. Les calculs analoguessont utilises aussi pour determiner les limi­
tes du puits de mine principal.

Les calculs thermiques effectues pour les
zones a sol congele permettent de definir les
courbes de repartition des temperatures,ce
qui donna la possibilite de chcisir et de
maintenir le regime optimal de la circulati­
on de l'agent dans le systems des forages as­surant la congelation. F16-4)

Ccnformement a la proposition du profes­
seur Trupak N.G., il est rationnel de reali­
ser la congelation des sols a structure geo­
logique ccmplexe par z nes,compte tenu des
caraoteristiques thermiques des couches.

La gsocryologie moderne qui se developpe
d'une maniere intense les dernieres annees,
examine plusieurs problemes tres importants
dans ce domains en determinant les limites
du permafrost, la p ofondeur de la congela­
tion qui atteint dans quelques regions l,5km
et les proprietes des sols permafrost.

C'est pour determiner la resistance des
sols oongelss que WM.Vialov S.S.,Zaretsky
Ju.K., Libermann I.M. ont propose quelques
formulas qui tiennent compte de leurs propri­etes et de l'stat de contraiutos.

Ls resistance des sols congeles qui se
trouvent sous l'acticn des charges de longue
dures varie dans 10 temps; au commencement
ces variations ont un caractere brusque et
ensuite peu a peu elles s'attenuent. La

figure5montre la diminution de la resistance
du sable ccngele en psriode ds 7 0 heure
pour les temperatures de -15°C éiourbe f ,
-8°C(courbes 2) et -4°C(bourbe 5). Les vari­
ations de la resistance 3 la compression al­
laient de £10 a 68 kg/cm pour -1500, de 80a 48 kgécm pour -8° et de 72 a 40 kg/cm2p0uI‘ -JF Co

Les phenomenes de fluage analogues sont
observes aussi sur les argiles congslees.(F-5

IW



La determination de la resistance a la comp­
ression des eprouvettes s‘effectueit durant
76 heures. On a constate que la majeur par­
tie ds la parte de resistance a lieu sn pre­
mieres 5-6 heures. La valeur ebsolue de la
resistance initials des argiles congelees
s'est averse considerablement plus petite
que cells des sables con eles. Par exemple
a une temperature de 20°g au-dessous du zero
ha resistaace initials dee argiles est egale
a 70 kg/cm , a une tgmperature de-10°C elle
est egale a 40 kg/cm et a une temperaturede -5 C elle est egale a 30 kg/cm2. Les re­
cherches thsoriques dans ce domains etaient
accomplies par les professeurs Zaretsky Ju.K.
et Vialov S.S. Ile ont propose les'de calcul basses sur les resultats
'mentaux et reliant les valeurs des
tions relatives,des contraintes et
metres physiques du sol congelei/.

La'rationnalite de l'emploi de la methods
de congelaticn pour oreer les voiles en
sole congeles sous les ouvrages hydrauliques
construits dans les regions nordiques du
pays doit etre justifies non seulement par
les recherches physico-techniques, mais aussi,
ce qui est tres important, par les calculs
techniques et economiques.

Ce sont ces calouls,tenant compte des con­
ditions naturelles locales et des particula­
rites de l'exploitation de l'equipement quipermettent de faire les conclusions bien
justifiees sur la rationnalite de cette me­
thods pour differentes regions du pays.

L'experience acquise a l'heure actuelle,
malgre qu'e1le soit encore restreints,ainsi
que les etudes en cours de realisation,et,
principalsment les succes obtenus grace a ces
methodes dans l'industrie miniere,ont permis
de faire la conclusion que la methods de
congelation merits d'etre largemsnt employee

formules
experi­
deforma­
des para­

dans la construction hydrotechnique et,surtout,
dans les regions a climat rigoureux.

xfaretsky Ju.K.Theorie de la consolidation
des sols.-Ed.Nauka,l967.
Vialov S.S., Gliuchinsky V.G.,Zaretsky Ju.K.
Resistance et fluage des sols congeles et
calcul des enceintes en sols congeles.-Ed.
Akademii Nauk SSSR, Moskwa,l962.

Mr. T.Yahiro and H.!bshida (Japan)
Mr.ohairman, fellow delegates,ladies and
gentlemen.

The grouting method which is prevalent to­
day is effective to cut-off underground waterand to increase the consolidation of so1l.Es­
pecially today,with the appearance of new
grouts, this method is developing and beco­
ming more and more popular. But,when we exe­
cute, by the conventional grouting method,
the grouting solution drains into a place with
less resistanoe,because soil consists of so
many various properties. Therefore,there was
a great demand for the_development of a new
execution method,by which we could grout
exactly into the designed place and thus ac­
complish the execution effectively.

So , we designed and developed this new
grouting method,one of the soil stabiliza­
tion methods,by the use of a high speed wa­
ter jet which is very efficient at soilfracture.

In short, this method is a process of ma­
king a slit by a water jet and producing
underground solid bodies by injecting groutsinto this slit.

Its merits have been confirmed after the
past several years of fundamental research
and practical use. _

For example, it heightens the execution
efficiency,because we can produce underground
solid bodies in fixed places. As well, it
could work effectively as a method to pro­
tect against anvironmental pollution.

Here, I'd like to explain the series of
researches.
FUNDAMENTAL RESEARCH

It is generally known,a| in the rain ero­
sion phenomenon and in airp1anes,that a high
speed water jet has the merit of considerab­
ly concentrated energy density without much
power needed for its pressure. However,when
we apply it to the grouting method,we can't
obtain sufficient efficiency,even though we
can increase jet pressure ln order to make
the best of the injection power.

So, in our fundansntal research,we made
experiments on several points,as follows:
1), ... The injecting property cf a high
speed water jet when injected into different
kinds of flluids _._ _ for examp1e,water,air
and bentonite slurry.
2),... Cutting and boring in the water of
various kinds of rocks and soils.
5L... A simultaneous jet of high speed waterand air to improve so 1 fractu e efficiencyin the water,
and 4),... Nozzle performance.

Those experiments confirmed these threefacts.
That is.
l)... We got a general equation of d amic
pressure for jet axial flow,whioh maigs an
important parameter of soil and_rock frac­
ture, ahd clarified the structure of waterjet in various fluids.
2)... We proved that injection pressure dis­
tribution and velocity distribution closelyfollows that Gaussian error curve and that
the jet axial flow pressure has a great dec­
rement because water jet injected into li­
quids has a bigger spreading angle than intoSlre

And as a rssult,we determined how to use
a taper type nozzle as the most highly effi­cient nozz e for this method,designed withconsideration of the inside finish and com­
pactnese of the water jet.
3)... By cahzuleting the underground stress
due to the impact of a high speed water jet
and by the use of Bussinesq's axial stress
and radial stress fcrmu1a,we proved that
when the compressive Strength of soil rangesfrom 0.5 to 5.0 kg/cm , the soil fracture
reaches from 0.2 to l.5m, when measured at
the oors of the jet..

We can also ascribe the soil fracture



caused by high speed water jet to cavitationeffect and turbulent abrasion of Jet. But
this cause and effect dosen't always work in
the same way, but it adapts to the physical
and mechanical properties of the soil.

So,we made excavation tests on compaction
and undisturbed samples,and proved that the
depth of boring can be calculated by usingthe elastic wave velocity of the so l,the
nozzle diameter,the outlet pressure of the
Jet and so on.

And we proceeded to find that when the jet
pressure is more than ten times as the comp­
ressive strength of soil and rock,the speci­
fic energy becomes small, as compared the
rate cf compressive strength of soil and
rock to "equal" jet pressure.
DEVELOPMENT AND PRACTICAL RESEARG

We completed development experiments in
artificial and natural soils of various V
kinds,in order to find out how to apply the
merits of high speed water jet to a groutingmethod and to increase the execution effect.

As a result,we found that when we use wa­
ter glass and cement milk as grouting mate­
rials,wh1ch produce the same grouting effect,
we can easily choose the best grouting ma­
t9I'i81Be

Nnen we grout cement milk, we obtalu the
physical and mechanical properties 'of the
solids bodies,which shows a fairly good cut­off effect.

The interval between guide holes and suitab
le traverse velocity of the monitor pose im­portant problems re ating to the economical
application of a high speed water get andthe execution effic encyn

Therefore,when we more the nozzle in paral­
lel with the surface of the ground,the depth
of cutting ls a function of nozzle traverse
velocity, nozzle pressure & other factors.

These results prove that,by this method,effective fracture and excavation of slime
discharge are made possible and,therefore,
the stray flow of the grout can be saved.
Furthermore the effective inigction limitscan be well controlled. But order to de­
velop this method further,we must collect
and analyze data using in-situ execution
test its adaptability various soils and imp­
rove the execution apparatus. The main purpo­
se is the application of an underground water
Out-Offs

Execution places are ...
1 ... the back of the open-out slope and
2 ... the discontinuity of the in-situ dia­
phragm wall. Execution ground is soft silt,
sand and grevel,and mud stone. Execution
depth ranges from G.L. 0 to 45m, and in most
cases is not deeper than 20 m.

The fundamental type of execution method is
shown in paper and we improved it according
to each actual condition of location.
We judged the execution effect from these
points:
l)... Site pumping test before and after

execution
2 ...Comparison with other grouting methods
5-Q.. Comparison with the well point method
and 4)...Measurement of Leakage.
The above execution result in the following
conclusions.

A. CUT-OFF EFFECT

At any actual site,we nearly obtained thedesired effects. In other wor s,we find that
the permeah lity coefficient after the exe­cution is less than
original ground andout-off effect.
The various out-off
as follows:
l)... A perfect cut-off wall is achieved with
all the non-solidified ground (excluding
boulder) and soft rock such as mudstcne.
2)... A reasonable cut-off effect is achieved
onthe boundary between solidified ground
and non-solidified ground. For example bet­
ween mud/stcne and sand.

1/10,000 of that of the
we can expect in greater
effects of each soil is

B. THE RELATION BETWEEN THE INTERVAL OF GUIDE
HOLES, THE BHIFTING VELOCITY 0 THE WATER

POWER MONITOR AND THE TYPE OF SOIL

This interval varies with the physical and
mechanical properties of grouting ground and
the water jet velocity.

For example,we obtained data that in mud
stone from 0.9 to l.lm and in clay soil from1.6 to l.8m.

and,by our data,the shifting velocity uI»
water power monitor varies from 40 to 50 cm/
sec in clay soil.

Execution efficiency is l2m2/hr on the
average.

This method has two process: guide hole
boring, and getting and grouting. The formertakes from 7 to 80% of the time needed for
whole process. Therefore,in the future,we can
improve the efficiency by developing a high
speed excavation.
APPENDIX

Now, afteE the practical useon 20,000 m , we are trying to
popularize it.

However, in order to improve
even more we must solve a few

of this method
promote and
this method
problems. For

example, improvement of the adaptability tovarious rounds im rovement of B160 Htl OD

equipment and finagly the improvement of theexcavation character stics of a high speedwater jet.
And this high speed water ist is nearl aseffective as a lazer in supp ying mechanical

fracturing energy.
Therefore,if we can select the ro er speed

it will work effectively when appgieg to
other underground execution methods.

Now, I'd like to make an additional expla­nation wi h some slides.
1) This is a cut-off wall made by the induc­
tion grouting method which uses a high speed
water jet.
Grouting material is cement, water-cementratio is 1005. '
The ground is a saturated sand layer.
The wall is 15 om thick on the average m d
the guide holes have 1.5m long intervals.
2. High speed water jet,air and cement milk
are being iggeoted through the hydraulic mo­
nitor appli to this method. Outlet prgseu­
re of h Sh speed water Jet is 500 kg/om ,and the ischarge is 601/min and the nozzle
has a diameter of 1.8 mm.
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5) This ie an example of execution,tnat is,an outline of execution made on the three
lagered ground, mud etone,sand and gravel,an land. The average permeability coef­

Chairman lr. H.Canbefort (France)
Je felicite M .Yah1ro et Yoshida qui vienn­

ent de nous decrire un procede revolutionna­
ire. Ils realisent le revs de tout injeoteur,a savoir mettre le coulis la ou il doit
etre et pas ailleurs.

Au debut de 1'injeotion vers l970,on avait
realise au Barrage de Bou Hanifia (Algeria)
un voile au large sur la rive gauche qui
n'etait constitue que par une juxtaposition
de claquapes verticaux reliant les foreges.C'etait l ideal. Mais quand on a voulu rea­
liser la meme operation sur la rive droite,
ga n'a pas marohe, tout simplement parce quea contrainte principale minimale sollicitant
le massif n'eteit pas perpendiculaire au
plan du voile, comme elle l'etait sur la rive
gauche. Et a ma connaissance ce succes sur
le rive gauche n'a jamais ete obtenu ailleurs

L'in3eoteur n'etait dono pas du tout maitrede la situation comme il l'est avec ce nou­
veau prooede. Par contre, je ne pense pas que
l'on puisse ainsi consolider vraiment le sol.
Tout ce que l'on peut esperer o'est un res­
eerrement des grains et encore il n'est pas
evident que celui-ci soit important. Seuls
des essais peuvent preciser ce point.

Ce qui est extraordinaire avec cette metho­
de,o'est qu'il faille injector de l'air. Onest la en presence d‘un cas typique ou le rai
aonnement a priori ne vaut rien,et nous en

,>2,mW
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- ' (l5cm Thick on an Average) _
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§
5

` H Mud Stone Layer

Fin- 2 Execution Proiile

fiogent of the sand and gravel layer is10' cm/sec.
The compresgi. ve strength of the mud sinneis 30 kg/cm..
That'e ell,Thank you.

verrone d'ailleure un autre tout a l'heure
avec le pilonnage. Les phenomenes qui peuvent
se produire dans les sols sont toujours inat­
tendus et il faut com encer par voir ce qui
se passe avant de raisonner ou de faire de
la mathematique.

Y-a-t-il des questions?

Prof. A.Van Wembeke (Belgique)
La plan de la communication verbele que

mon collegue le professeur de Beer m'a demands
de presenter en notre nom a tous deux serale suivant: _
- je rappelerai tres brievement le principe

de la consolidation dynamique!- je preciserai le but des essais effectues
ainsi que le programme suivi,

- je communiquerai lea resultats des diffe­
rents essais,

- enfin, je ferai part des conclusions quel'on a pu tirer.
Rriggipg gg lg gggggliggtion Qlnamigue

Le principe de la consolidation dynamique
consists a transmettre au sol une grande
energie en un temps tres court a l'aide d'une
masse tombant d'une certaine hauteur.
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Cette methods a sts invsntse par M.Menard.
But des essais

L'objsctif des eesaie stait de s'assursr de
maniere scientifique que la consolidation
dynamique-encore inappliquse en Belgique a1 epogue-stait applicable dans un cas deter­
mine.

Cs cas stait le problems pose par l'amelio­ration du terrain d'assise des remblais
d'uns autoroute a construire (dans le fond
d'une vallee, cells de 1'0urthe), a pro imite
de la ville de Liege en Belgique.

Ils furent executes par la Compagnie Belge
d'Entrsprises CFE, avec l'autorisat1on de
l1Administration Belge des Ponte et Chausse­es, sous la eupervis on et avec la collabora­
tion de l'Institut Geotschnique de l'Etatdont le directsur est ls Profssseur ds Beer.

Qour atte ndre ce but il fut convenu derealiser une aire d'essai de 40 metres sur
20 metres qui serait pilonnee et dont le com­
portsmsnt serait controls.

Ce controls devait porter sssentiel-lemmt
- sur les tassements provoques,- sur l'amslioration

mecaniques,
- spr l'evo1ution Q0 la prsssion interstiti­e le.

des caracteristiques

Resultats des essais
Je vais maintenant a l'aide de quelques

diapositivss ("Slides") vous montrsr cwmment
ces divers contrcles ont sts operas et
,quels sont les rssultats qu'ils ont donnes.La conclusion finale tires de ces essais
fut que la methods de la consolidation dyna­
mique stait applicable dans le cas envisage:
l'amelioration constates etait largemsnt suf­fisante et elle etait obtenue en un tres court
delai.

Sur le plan plus particulisr de l'1nvesti­
gation on peut dire:
- qu'il est tree malaiss de mesurer des tas­

aements dans la masse du terrain mais que
la mesure des tassements en surface,beauco­
up plus aisee,constitue un critere de cont­
role precieux en cours d'operation et en
fin du pilonnags;

- que la mesure dee caracteristiques mecani­
ques doit etre faite apres un certain de­
lai (certainement apres dissipation du
surcroit de pression interstitielle mais
aussi aprss un certain regain thixotropi­
que);

- que lee piszometres Warlam utilises se
sont reveles assez rcbustss pour permettre
de suivre ds maniere precise l'evolution
de la pression intsrstitislle dans les dif­
ferentes phases de pilonnage.

Chairman lr. H.Cambsfort (France).
lessisurs les Professeurs de Beer st Van
|qmbeks,que je remercie pour leur sxpose,vi­

Il s'agit la d'un procede tout nouveau qui
psrturbe ls mode de pensee habituel des in­
gsnieurs, habitues au compactage de couches
de l'ordne de 50 cm d'epaisseur. Ponrtant
cette communication montre qu'une couche de
limon de 2 a 5,50 m d'epaisseur a ete tres
nettement consolidee, puisque,par example,
la resistance ds points du penetrometre asts doubles.

D'apres son inventeur L.Msnard le proceds
est encore valable pour des couches de B a
10 m d'epaisseur. Mais chaque foie une stu­
ds geotechnique prsalable est necessaire
pour eavoir si le precede est applicable etpour determinsr les caracterist ques des
chocs: poids ds la masss,surface de contact
hauteur de chute, c'est-a-dire l'energie de
pilonnage exprimee en metres tonnes par mst­
rs carre. Il convient egalsment ds proceder
a des mesures en cours de travaux pour s'as­
eursr de l‘sfficacite du precede.

Je crois qu'a l'heurs actuells,on constate
bien que le procede ost e fioacs,mais on ns
salt absolument pas cs qui se passe dans le
sdl. Il 'y aurait rien d'etonnant qu'une
liquefaction momentanee se prcduise,comme le
suggere Menard. On rejoindrait ainsi 1'exps­
risnce de Casagrande, dans laquslls il suffit
d'enfoncer rapidemsnt un crayon dans un sab­
le lache pour le faire tasser tres fortsmsnt.
Mais si ls tassement du sable parait evident,
dans cette experience, il est cirieux que des
limons et meme des argiles mollss se oompor­
tent, dans la Nature, d'une maniere analogue.

Je crois qu'il y a la,tott un nouveau doma­
ins de recherches fort intersssant que M .
De Beer en Van Wambeke ont commence a ouvrir.
En tsrminant,3s dirai que si Menard a tourne
une page ds la Mecanique des Sols`en invent­
ant son prsssiometre, il vient d'en tourner
une autre avec son compactage intsnsif.
Puisqus l'occaeion m'en est donnee, je l'enfalioite.

Je remercie encore M .de Beer et Van Iambe­
ke qui vont repondre a vos questions.

Prof e Iemsmtviuov
Dear Chairman, Dear colleagues!

Due to courteous proposal of our Chairman
professor Henri Cambefcrt (France)_I have the
honour to briefly report you on suggested by
me new rapid method of ssttling;soil compac­
tation by preliminary moistsning and energyof deep explosions (patent No.1 5151, author­
profsssor Litvinov I.M., NIISK,Kiev) in ed­
dition to my scientific report.

with this method the compactation o loess
soils can bs of great depth (from lO to 50
and more m). This is accomplished with the
help of Egeliminary strictly controlled moie­tsning t ough special drains; layer of comp­
acted soil attains limit unstable state.

Further this layer with weakend inner lia­
sons but keeping it's structure, is submitted
to repeated dynamic action of powerful exp

°nn°nt d° °°“° m°°tr°r °°m@°nt aY?° unisigp' plosion waves with interwave intervals in se­1° Pi1°Una5°»mBi5 3 °°“dit1°n q“ 11 5° t r°° veral seconds. These powerful explosion shocks,violent, ou puuvait augmenter tres fortemsntla resistance d'un sol. equal to seismic waves of the most catastro­
phical twelve balls earthquakes and made in
strict sequence bring too great oompacting
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influences on soils (with the pressure up to
100000 kg/cm2), intensively compacting them
with the increase of compactation after each
explosion.

In each hectar of compacted territory there
must be made about 600 explosions.

It's quite natural,that with this method a
process of soil compactation comes on dozen
times faster,than with a usual method of
preliminary moistening.

Besides,the oompactaticn is uniform
through all the depth of compacted layer, and
soil oompactness increases in several times­
not less than 5-4 times in comparison with
the usual method. The results of analyses of
soil settling on compacted areas prove the
gigh degree of compactation through all theirepth.

Besides, checm up and practice of employ­
ment in industrial conditions have shown,
that recommended method of deep compactation
is the most economical, as it's cost varies
from 50 to 60 kopeeks for lm3 of compactedsoil with the consideration of surface draina­
ge and extra-compaotation of two-meter buf­
fer zone, i.g. several times cheaper than all
the other deep consolidation and compacta­tion methods.
an the same time it is the lssb labour­

oonsuming,quick in realization and absolutely
reliable and permits to erect any buildings
and constructions on loess soils of great
depth.

As shows an experience of examination and
application of this method in industrial con­
ditions on the sites of Zaporozhie, Kherson
and Grozny cities, it gives an opportunit to
carry out in a very short time-about 5-g
days- a preliminary moistening and explosions
for the simultaneous soul compactation on
very large arena, with the dimentions of
l-10 thousand m ,i.e. to compact simultaneous­ly from 10 to l00 thousand m of soilssett­
ling layer.

The result is a considerable degree of soil
ccmpactation, characterised by the reduction
of it's porosity from 50-44% to 59-55% whichis easily and v sually controlled by geodesic
measurements of settlings of the compacted
soil surface and corresponding analysis of
soils before and after it's compacting.

That's why possible future subsidences of
buildings and construotione,erected on the
soils,compacted by this method can be mini­mized. _

The first experiment of compactation of 45
thousand m5 of loess soils for the dwelling
house in Zaporozhie gave an opportunity to
economize 105200 roubles and 50 tons of metal.
In 1975 in the construction of one large plggtin the south of the USSR about one million
of loess soils would be compacted with the
help of this method. On this site the sett­
ling depth of loess soil varies from B to
14 m.

There within the net 4x4 the 400 mm diame­
ter drains have been drilled to the depth
about 70% of loess soils compacted layer,
which corresponded to 6-10 m depth.

Into drilled drains were put down so called
explosive tubes with the inner diameter 94-96
mm for placing in them of cylindrically pack­

ed charges with the 90 mm diameter. Lower
ends of these tubes were hermetically sea­
led by welded oottoms. Then the drains were
filled up with pure sand or broxen stone
(clinker or other well draining local mate­
rials can be used as well). The crifices
of drains were preserved from erosion by
the slock heads from the pieces of tubes by
0.4 m diameter and 0.5m height.

Regulated moistening (fig.l) with the7 , _
f w"'§{Qd €LE;uu!lHI'. I. I, `V\` ,. ;;: "Y:  ~;.%; ___+ e »"=¢~;  --1

Fig.1. Process of preliminary moistening
rated quantity of water was carried out du­.3 I 2 P _ring 5-5 days through drains an. prclabrica
ted stock, pipelines with control water-gau­
gee, at the technological plots.

After pouring the raged quanggty of waterinto drains (0,25-0.5 for l of compac­
ted soil,depending on contour conditions of
compacted plots) tubes-distributors were
transferred to another technological plots,
and 60-65 kg explosion charges were put on­
to the bottom of explosion tubes and closed
by a layer of sand, abundantly watered froma hose. _

The explosions were made with intervals
of l-6 seconds in a definite sequence, for
dynamic influence of every next explosion
could supplement an action of a preceding
explosion.

At every such plot blasting had been oar­
ried out during several hours. The number of
explosions at separate plots varied from 60to 600.

Blasting is shown at fig.2: A- at the com­
pacted plot of the not built-up area; B- at
the compacted plot of the built-up territory.

As every explosion drgin compacted thesoil on the area of 16m through all the depth
of settling layer (except upper 2m buffer
layer), the soil was compacted gimultaneouslyon the plate of l-10 thousand
responded averagely to 10-100
compected soil.

After blasting,water, wrang
ted soil irrigated it's upper
ere. This water must be removed by surface
drainage.

Explosion tubes were extracted by the crane
and after washing were reused.For this purpo­
ee lower broken end of the tube 0.7-1.0 m
long was cut and replaced by a new welded
upright tube with hermetically welded bottom
in it's lower edge.

Blasting being finished,the soil surfaceon the compacts plots sharply lowered in
several minutes to the depth of about 1 meter

m , which cor­
thousand m5 of

out by compac­
(buffer) lay­
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Fig.2. Blasting: A-at the lot under compac­
tation in the area without buildings;
B- at the compacted lot in the built­
up area.

(with compacted thickness 10-12m) and umen
in a month's period the subsidence have sta­
bilized on the whole, reaching 120-140 cm or
10-14% of compacted soil's thickness, which
testifies to a very high degree of compacte­
tiOne

It`can be seen at figures 5 and 4, that
the soil surface had sharply collapsed at
compacted plots due to their compactation
to the depth of about 120-150 cm; it is obvi­
ous in comparison with uncompacted neighbou­
ring plots. The compacted thiokness was only
10 m. It is natural, that with greater
thickness of compacted soil a greater settle­
ment can be reached, of about 2-5 m and more.
Thank you for your attention.

§|W5'pr" -,

Fig.3. To the right-the soil surface,col1ap­
sed to the depth of 1.4 m after com­
pactation; to the left-the lot before
the compactation.
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A- the soil surface before the com­
paotation; B- the surface after the
compactation; C- difference between
compacted and uncompacted lots.

Fig.4.

Chairman Mr.H.Cambefort (France)

Je remercie M.Litvinov pour son expose.
Ici encore nous sommes en presence d‘une me­
thode dont les limites sont a preciser, car
elle n'est certainement pas valabls danstous les terrains.

Les explosions me rappellent les coups de
pilon du precede precedent et je-orois qu'iciaussi une liquefaction se produit. En tout
cas il ne faut certainement pas assimiler oes
explosions a celles que l’on realise dans
une couche de vase supportant un remblai,af1n
de chasser lateralement la vase. Les phenome­nes sont tout a fait differents:
- dans ce dernier :procede il ne s'agit que
d'un terrassement destine a remplacer la
vase par 'le remblai,
- dans le precede de Litvinov on modifie la
structure du sol dont l'augmentation de
poids specifique se traduit par un tassementde la surface du sol.

Il faut admirer la sagacite de M.Litvinov
qui a superpose 1'effet de l'inondation des
loess a celui des explosions et,qui a surtout
eu 1'idee de la saignee perimetrale pour li­
miter la propagation des deformations de lasurface du sob.

Mr.Fenoux (France)
1. INTRODUCTION

Cast-in-situ diaphragm wall has become a
conventional technique for earth retaining
structures. Its success depends on one key
operation- concretiug,with its essential
preparatory phases-cleaning the trench,desan­
ding and lowering the cages. Prefabrioationeliminates the se difficultl es.

The prefabricated diaphragm wall process
comprises two operations:
- excavating (as for CODV6Hti0DBL diaphragm

walls)
- setting the prefabricated elements toge­

ther and bonding them to the surroundingBO e
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A discontinuous structure made up of ver­
tical beams and slabs or, more usually,a
continuous structure made up of identical
panels can be used.

The loads applied to the prefabricated
diaphragm wall are analysed in the usual way.
The sizes of the elements are determined by
applying the normal rules for superstructu­
res; the higher working stresses-as compared
to those for conventional diaphragm wall-en­sure a better use of the materials.

Reinforced concrete is normally used. Tim­
ber and metal,whicn are lighter with simi­
lar performances,are also more expensive.
Bousting plant capacity usually limits the
panel unit weight to 30 tons. But prestres­
sing with adhesive cables and making holes
at the neutral fibre give lighter weight for
the same bending resistance.

After the trench has been excavated, the
elements are lowered into position while sus­
pended. A special device resting on the
pretrench walls takes over the crane's job
and allows their precise positioning. This
device is kept in place until the sealing
grout has set. The ability of placing the
elements with a great accuracy (within a few
um) depends on the care with which thc prct~
rench has been built.

The process is highly flexible. The pre­
fabricated diaphragm wall can U9 built ei­
ther by the "continuous" method,each element
being placed after the preceding one, or by
the "alternating" method,using primary and
secondary panels.

Prefabricated diaphragm wall is incorpora­
ted into the final structure,and must be sa­
tmhwwnymmmmM.%emwmnmgwm
by the impervious sealing grout on the unseen
face of the elements ia increased by applyi­ing an impervious product on this same ace,
with a special treatment for the Joints.

2. PANOSOL PROCESS

In the PANOSOL process (patented by Solet­
anche), a single selfhardening grout serves
the double purpose of drilling slurry and
sealing grout.

Its main ingredient is cement,and it pos­
sesses various physico-chemical properties
conferred by special admixtures (bentonite,
retarder and setting regulator).

During excavation, it acts as a drilling
slurry but its setting is delayed,and its
immediate hardening controlled; in the final
phase, it must have the strength required
by the design (at least greater than the sur­
rounding soil).

Drilling debris can be added to the grout
~to achieve a higher strength.

Within two years,from the middle of 1970
to the middle of 1972, ten compéeted projects
representing more than 80,000 m of PANOSOLwa 1 have demonstrated the advantages of the
process and its advanced development.

5. 1F Pnocnss
The PREFASIF process (SIF-BACHY patent) is

based on substituting grout for the drilling
slurry (conventional bentonite slurry) imme­
diately prior to lowering the prefabricated
elements into place.

The properties of the sealing grout can
be varied over the depth of a panel. The
grout has special setting and nardening cha­racteristics.

Two other fundamental.features of this pro­
cess are: the mechanical connection between
adjacent elements at their base (providing
strict geometric continuity) and the double
female Joint-of a completely new design
faced-between adjacent elements,into which
a waterstop can be fitted,thus giving a
second guarantee of watertightness (the first
one being provided by die sealing grout).
4. CONCLUSION

The specific features of prefabricated
diaphragm wall show a great improvement as
compared to conventional cast-in-situ dia­
phragm wall show a great improvement as com­
pared to conventional cast-in-situ diaphragm
walls. Quality and good appearance,efficient
use of materials,simplicity and accuracy of
placement,watertightness,suppression of conc­
reting hazards and in general easy control
and safety are improvements of such an impor­
tance that they can be considered as consti­
tuting a new technique.

Chairman Mr.H.Cambefort (France).
Merci lM.Fenou et Dupeuble.

Les methodes de construction de parois
etanohes que nous venez de decrire ne consti­
tuent pas a proprement parler des precedes
nouveaux,mais il me semble qu'au point de vue
technologie elles presentamt un grand avan­
tage. En effet on ne risque plus les malfa­
cons de betonnage comme cela arrive encore
trop souvent avec les betons coules dans le
sol et en outrc,on peut band hesiter, inclure
dans les constructions definitives,ces ec­
rans qui ne sont souvent que provisoires.
L'essentiel est que leur prix de revlenb ae
soit pas trop eleve.

Il faut tout de meme bien preciser que
par suite du poids des elements prefabriques,
ce procede ne permet pas d'atteindre les
grandes profondeurs,au-dela de 20 m par
exemple,qui sont classiques avec les parois
moulees.

Je pense qu'il va vous falloir repondre a
de nombreuses questions.

Mr.H.K.S.M.Begemann ( Netherlands)
(see Written Contributions at Une end of
this Session).

Chairman Mr.H.Cambefort (France)

M.Begemann Je vous remercie pour cet expose
extremement original. Il est bien evident qu'
il n'y a pas partout des Mer Morte et que ce
precede ne peut pas etre generalise,mais je
crois qu'il etait bien de montrer comment un
precede aussi classique que la "slurry trench"
pouvait etre modifie sour donner satisfac­tion, compte tenu evi emment des conditions
locales. La solution n'a certainement pas
ete facile a trouver.mais elle a donna satis­
faction oe qui est l*essentiel.
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Je suis tres heureux qu'en suivant l'ordrs
logique des questions posses a cette Section,
votre expose arrive le dernier,car il me per­
met une petite Introduction a ma_Conclus n.

La Mecanique des So1s,quoique je prefers
dire la Geotechnique,n'est pas et ne sera
jamais une science exacte. Pour resoudre un
probleme il faut souvent savoir reunir plusi­
sure techniques. Et il est bien evident que
si, dans ce cas particulier,les chimistes
n'avaient pas dit leur mot, la solution n'au­
rait pas ete trouvee.

J‘espere que les Maitres d'Ouvrage se rap­
pelleront la suite d'essais que vous avez ete
amene a faire pour arriver a mettre au point
le procede: laboratoire- mi-grandeur et enfin
grandeur nature. I1 s'agit la d'une methodo­
logie normals que la nature complexe du sous­
sol impose souvent. Malheursusemsnt bsaucoup
d'Ingenieurs s'imaginent que le sol est par­
faitement defini par quelques essais de Labo­
ratoire et qu'a partir de leurs resultats il
n'y a plus qu'a faire de la Mathematique ou
qu's appliquer un procede qui a donne satis­
faction ailleurs. Il s'agit la d'un point de
vue abusif qui ne se justifie pas toujourset contre lequel il faut lutter si l'on veut
faire progresser la technique.

Apres cette longue digression, je pense qup
l'on va vous poser des questions.

Prof. N.A.'l‘sytovichurs YasAsK1‘°nik

This report briefly sets forth the basic
results of investigations conducted by theauthors on the frost resistance and durabi­
lity of natural and stabilized soils suhdect
to climatic factors,and on the effects of
freezing and thawing on the structure andpropert es c soils.

The change in the properties of soils sub­
ject to variable temperatures depends prima­
rily on the type of soil and its granulomet­
rio composition.

Soils unsusceptible to frost (coarse-frag­
mental and sandy soils), for instance,diaplay
e very small change in properties upon free­
zing and subsequent thawing. On the other
hand,,ths structure and properties of frost­
susoeptible soils (clayey soils and coarse­
fragmental soils with a clay filler) undergo
essential changes with each freezing-thawing
cycle. This is especially true of intensely
heaving soils (powdery sandy loam,loam md
light clays) whose granulometric composition
can be assessed by the criteria of frost sus­
ceptibility of soils, roposed b Ya.A.Kronik
at the lst Internahlmg. Engineering Geolo
Congress in Paris (Tsytovich and Kronik,§g70)

Another factor of prime importance,which
can either impair or even somewhat improve
the properties of soils following freezing
and thawing,is their density-moisture state.It should be noted that this factor is basic
for the given type of soil and determines the
structural-textural,strength and deformation
properties and the permeability. Depending

upon their dry unit weight,soils can be ar­
gigrarily digédeg into loose soig with aun we t s ess than 0. o the
maximum standard dr; unit weight_{F xiunder-oompacted,wit {§= (0.80 to .QES 1; mm;
oompacted,with Q"B=(0.95 to 1.00) j'B_mu
and over-compacted with fs > 1/B_ _

The freezing of all kinds of soils conside­
rably strengthens their structure owing tothe formation of ice which cenents the soil
particles together. This increases the soil
strength by from several times to one o two
orders of magnitude,especially for sandy
soils. This also depends,to a substantial
degree, on the temperature and rate at which
the soils freeze (Fig.lb).,N ml In on'm M
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Fig.1. Change in shear strength 1: and comp­
ressive strength ffcomp upon freezingand thawing:

a) Khantni loam before (curves 1,2 and 5)and
after (curves 1' and 2')being frozen and
thawed: 1-under-compacted; 2-compacted;
5-over-compacted.

b) Under-compacted khanggi loam: 1'-6:03kg/cm2; 1"-6'= 11:5/c , 1"'-6:2 kg/an ;
and Vilyui loam: #-compacted and 5-over­) §ompated.i C;c ncrease n com ressive stre 'h
upon freezing vs tsmperaturen?f0°C)°°mP
for: l-sand; 2-sandy loam; 5-clay.

d) Reduction in compressive strength6"¢om
of Kolyma granite upon multiple cycles gf
freezing and thawing (number of cycles).

Frozen soil acquires high strength and becomes
practically-watertight. This has led to the
artificial freezing of weak,water-saturated
and quick soils for carrying out mining and
other underground work. s principle isalso applied in the freezing of sci s by
natural frost for the watertight,cutoff ele­
ments and embanlnnents (supporting masses) of

369



frozen-soil dams, constructed under conditi­ons of a severe northern climate and on am
permafrost base (Tsytovich,1973).

Subsequent thawing of the frozen soil al­
most always leads to just as sharp a changein their indices of structure,strength an
watertightness. Depending,however,on their
initial density-moisture state,the change in
soil properties,compared to their condition
before being frozen,may be either toward the­
ir impairment (for compacted and cver-compac­
ted soils) or, in many cases,tcward a certain

The structural cohesion of under-compacted
clayey soils dropes almost to zero' as a ru­le, after thawing (f:l.g.la, curve 1 ), whereas
the change in the strength of compacted soils
is very slight.

lor dense cover soils of Quartermary depo­
sits, which undergo multiple cycles of sea­sonal freezing an thawing under natural con­
ditions,the reduction in strength following
thawing and subsequent compaction ("therma1
sett1ement”) may be very slight even upon
freezing according to the open system (fig.
la). On the other hand,even a single free­
zing-thawing cycle may considerably impairthe prcpert es of thawn soils lying below the
zone of seasonal freezing. This is especially
true of under-compacted soils.

lultiple cycles of freezing and thawing le­
ad,as a rule,tc the gradual weakening of
soils and to the impairment of their physi­
comechanical properties and girmeabilitz(fig.lb). The properties of gh-stren h
over-compacted so ls and rock are im§a§redto a relatively higher degree (fig.l ). But
the absolute values of the property indicesof thawn over-compacted sci s turn out in be
essentially higher than the analegical indi­
ces fo compacted and,all the more,for under­
compacted soilsi Hence,a measure that can
be recommended for reducing the harmful af­
fect of freezing and thawing on soil proper­
ties consists in over-compacting the soils
to the maximum standard density and higher.
This considerably lengthens the period of an­
ti-frost stabilization and the durability ofthe stabilized soils.

The permeability is also very essentially
changed when soils undergo freezing and tha­
wing. When frozen soils are thawn, a sharp
increase of several times or even by one or­
der of magnitude is observed for the coeffi­
cient of permeability. This is especially
true of the first hours following thawing
(Fig.2e)and is explained by the formation of
the so-called post-cryogenic texture thawing
soil. This retains the cryogenic texture of
the frozen soil over a certain period of
time. In the process of percolation in the
thawn soil, however, a gradual reduction of
the coefficient of permeability is observed,until it reaches a value near to the initial
one (fig.la). The freezing temperature essen­
tially-affects the increase in the water per­
lB8bi ity. Thus,the coefficient of permeabi­lity in hawing specimens that had been fro­
zen at -20°C and -10°C differed eightfold. Itshould be noted that in the course of time
this difference is reduced and the value of k
is stabilized, approximating the water perme­
ability values fcr thawn soils (fig.2a).
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F1 .2 Chang in the coefficient of permeabi­

S ° lity E of Vilyui loams upon single (a)
and multiple (b) freezing and thawing
cycles:

1,2 and 5- under-compacted specimens;
4,5 and 6- compacted specimens;
7 - over-compacted specimens;
1 and 4- thawn specimens°o2 and 5- frozen at 0= -16 C,
5 and 6- frozen at 0=-2O°C.

A measure mat can be recommended for sta­
bilizing soils of embankments is the integra­
ted physicochemical method for combatting
frost heave. It was also worked out by _
Ya.A.Kronik and was presented in more detail
at the Danube-European Conference held in
Vienna in 1968. This method has proved to
be sufficiently effective in hydrotechnical
construction practice.
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nr. E.I.Mu1jiukow (Ussn)

Distinguished Mr.Chairmanl
Distinguished Colleagues!

The Research Institute cflndustrial Buildings
(NlIpromstroi) is specializing in the fieldof p le foundations. From 1966 to 1972 for
the purpose of improving such foundationsour Institute has carr ed out laboratory
and experimental practical tests employing
chemical grouting of the soil adjacent to the
pile by using urea-formaldehyde resin. Be­
sides, several experimental buildings on
new piles have been constructed.

Grouting of the soil adjacent to the pile
is carried out by injection of resin through
perforated pipes into granular soil with
K%> 0.5 m/21+ hours. The disposition of per­f rated pipes along the pile shaft is made
depending on the combination of working
loads and enginepring geological conditions.In the course of these the bearing capacity
of piles has been raised considerably for
vertical and horizontal loads. The degree of
increase of the bearing capacity depends on
the disposition of grouted soil along the
pile and also on its volume and strength.
The technology of the injection work is not
different from the general grouting of soil
by injection.

In cohesive soil with low filtration (Kfs0,5 m/24 hrs) we grout pile foundations
by an other method that is by driving the pi­
le in a polymer jacket. The method is applica­
ble only for friction piles.

The essence of the new method of driving
the piles consists in that the resin with
hardener is trickling down the hollow bet­
ween the pile and the ound. The hollow is

mixing with soil completely fills the clefts,
voids,cavities and runs down forming a fluid
polymersoil jacket around the pile. In a
short time the jacket hardens. During the
driving of the pile the resin eases the
pile driving process by about 50 to 50 per
cent decreasing the friction between the 4
pile and the soil. After hardening the bea­
ring capacity increases by 20 to 40 per
Fig
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formed after several bigws b pile-driving F15°2~ Pi1°_in P°17m°r Jacket
hammer on the pile (lig.l). The resin inter­

Fig.l.-Pile Driving in Polymer Jacket
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l- Pile,
2- Polymersoil Jacket Around the Pile
5- Cleft: and Cavities Filled by

Hardened Resin

We believe that all chemical reagents which
are used for chemical grouting of soil can
be used for polymer jacket a1so.The res n
consumption amounts to 50 or 60 kgs for ons
friction and driving pile of 8 or 10m long.

During the stage of technical design we
take the bearing capacity Pjack of jacketpile based on this formula:

P,jack= .F°Pk

Pk: the bearing capacity of common pile
J; = coefficient of increased bearing capa­city taking into account polymer jacket

and depending from tae consistency index(it is taken by the table).
Uorrelaflon :
of pile sizes: Consistency index
§§§§2“ ;o.o 0.25 o.5 0.75
5 1.4 1.55 1.52 1.2810 1.55 1-50 1.28 1.25
15 1.50 1.25 1.25 %.i21. 1.2 1.20 fgg 1.33 1.13 1.17 1:1550 1.18 1.15 1.15 1.10



Our Institute has prepared recomendations
for driving friction piles in polymer Jacket.

Thank you for your attention!

Dr.K.Skarzynska (Poland)

The regions of Southern Poland constituted
in the period of the last glaciation an aeol­
ian accumulation zone.The climatic changes,
however,resu1ted in the far-reaching trans­
formations of the loessial covcrs.The loess­
es proper are to be found today as rudimenta­
ry forms giving place to the loess-derivative
soils which dominate in the region under stu­
dy and can be divided,in the most general
outline,into two groups: l/ soils which orgi­nated in situ /silts and silty loams/,
2/ soils which resulted from erosion and se­
condary acoumulation processes: /silts and
sandy silts,diluvial loams,silty muds with
organic matter/.

Silts and silty loams which orginated in
situ from the loesses proper are characteri­
zed chiefly by the absence of macroporosity
features. They are known to form the top
lays: cf lccssial covers which resulted from
the Holocene climatic changes or occur asof the in­interlayering,what is indicativeterstadial climatic fluctuations. The inter­

of silts,digitating layers and the lenses
sandy silts and silty loams consituting thecovers of solifluctional enu diluvial nature,
are found to dominate on the slopes of_§he
vast and open valleys. Diluvial loams are
known to occur at the valley bottoms as a
product of the Holocene flood accumulation.
Silt muds with organic matter are found in
the lowering zones and in the valleys with
a poor runoff.

As far as granulation is ooncerned,the in
situ silty loans alone have their granulo­
metrio composition minimally’changed comparedto the loesses. The destruction of the loes­
sial soils consists mainly in the washing of
clay and silty fractions what brings about
an evident residual enrichment in sandy frac­
tions with respect to fine and silty sands.A characteristic feature of all the afore
mentioned soils is the response of their
structure to the changes in humidity and
temperature fluctuations,especially in the
autumn-winter and spring time.

Within the framework of the cyclic investi­
gations on soil frost susceptibility 4 cha­
racteristic kinds of medium-cohesive soils
were studied: silty loam /silt/,sandy silt,
loam, sandy loam.

Laboratory tests were conducted with the
samples ,/10-20 cm/ in the range of tempera­tures below zero: -5- -10, -2 -for both open
and closed systems. with regard to natural
conditions the open system reflects a situa­
tion typical of a very shallow occurrence of
groundwater table, or,it can be considered
as a kind of model emphasizing the phenomenawhich in nature may happen in the less dis­
tinct forms.

The studies aimed chiefly at defining themechanism of frost penetra ion and its ef­

fect on the structure of loess-derivative
soils due to the variations in moisture con­
tent, volume and strength.

On the ground of the investigation and
analysis of the results,following basicstatements and conclusions were made:
l/ Temperature gradient during the freezing
process is higher rur the soils studied in
the closed water system in relation to the
same soils investigated in the open one,
irrespective of their initial moisture con­
tent, e.g., S silty loam exposed to the tem­perature -20 C, reached in the closed,system
-15°--5°0 while in the open one,after the
same time, only as little as -5.5°C for both
the initial moisture content of 5.5% and 14.0%
2/ Samples exposed to freezing without an
side lagging,were found to be uniformly fro­
zen. Macroscopic studies did not show an oc­currence of ice lenses neither did the re­
cordinguinstruments register any frost hea­ving. e to the fast progressing p ocess of
sample freezing,from all the sides, the void
water froze without any visible displacement.
Its increased volume while freezing found
an additional spacein the soil voids, fcr­
merly filled with air. Investigation carried
out on the moisture ccnt nt d stribution inthe loess samples .roach tlthcut sid: -cg
ging, within the closed system, showed a
slight decrease in moisture content inside
the samples by about 1% with a simultaneous
increase of moisture in their outer layers
/also by about 1%/.
5/. The intensity of ice formation in the
soils under study, exposed to freezing in the
open system, is found to be inversly proper­
tional to the initial moisture content of this
soil, irrespective of the value of temperature
in which freezing occurs. In'the soils studied
within the closed system, it is found to be
directly proportional to the initial moisture
content.
4/ The amount of the accumulated water in the
frozen soil samples depends on the kind<!
soil in which the process is going on as
well as on the percentage of silt fraction,
hence.
5/ An increased percent e of silt fraction
was found to cause
heave /figure 1,2/.
6/. The macro- and microtypes of ice lenses

under stud are alike,

a vigible rise in frost

found in the soils
while their number and distribution have been
differentiated according to the level of soil
heaving,its water and temperature conditions.7/ The structure and texture of the frozen
medium-cohesive soils,and broadly speaking,
presumably of all cohesive soils,depends onthe kind of ice binder as well as on the soil
structure before freezing.
8/ A phenomenon known from practice as an inc­
rease in compressive strength of the frozen
soil has been confirmed by our trials and
was additionally characterized by introducing
the index of strength for a frozen soil struc­ture’ 5' zKzg-T
where:
MN=IllBX1m81 compressive strength of the

samples exposed to freezing /kg/cm2/
312



M

_um Lam .wmv .mr Lam -WW W" [. 1a w m no Mk An 20 +0 so so 0 w 40 aa so a w 40 so to 0 10” : I if I, l I I &WWf5| I | I E6| |40 le : 'ivI ' iw '| ' I |ao -§-;- -rs-' ll *J| mmm# g| c:; §|u | 45 .U | W la |"n \u | g | gl H g<5 5 I Ian _ as Q-  -Qt | E ' SAHPLEID __ I _I I3 Q' s. U-3‘""“'° t. s.§| § 5 S Lfave*-1 ` f H , I T I4» ; : Tlitffi, :~I T“W F' 1 l I TJ.l: : 1 2|no le l ' l
FI6.4. MOISTURE CONTENT D/STP/BUT/UN W THE 50/L SAMPLES­

A5’z= maximal compressive strength of the ipfrozen samples /kg/cm2/ E' IU
9/ The variations in the structure and tex- § ghture of these soils during the process of §
freezing are responsible for adverse changes § W'of physico-mechanical properties of soils, t U­leading to the attenuation.of subsoil in me ­spite of a temporary increase of its strength. ­
Summing up the obtained results with res- .7 I ypect to natural conditions, the following con- Q ¢ b f w 5 £7clusions can be made: E 0. _ mf"”“m¢UIn silty loans, during the winter time,

an intensive water migration can oe seen to- § N
wards the freezing zone,but the formation of myice lenses in this zone causes the ruin of gthe primary structure. As a result of soil g wthawing a rapid change follows in the c n- , Vsistency of the frozen zone,the process being “Qmost intensive in the range of temperature Fl&2.fE’d5T-HFAVI/V6 AND INCREASE UF THE
fluctuations close to O°C, and vanishing with N0/57U5’f CCWTENTASA FU/V57/0V0f ~*7lT FPHCT/OVa sudden, considerable decrease in soil tem­
perature or due to the freezing process ad­
vancing simultaneously from many directions.

The phenomena under study come to a stop
with an increase of sandy fractions.

The afore-mentioned features of the loess
and loess-derivative soils elucidate to a
high degree a numper of phenomena typical ofthese soils,and in particular:
- Clay-formation in place of the top-layer as
well/ as the occurrence of loamy interlaye­
ring in loessial soils,are mostly the result
of a cyclic incidence of reezing and thawingprocesses with a simultaneous increase in hu­
midity of the Helocene period and in intersta­
dial periods.
- Formation of vertical scarps and often of

cornices in the loeases most probably re­
sults from bilateral and relatively fast
freezing, in the conditions of poo moisture
content, with but little effect of the snow
cover and of tae generall poor plant clothing
- The flowing of the inclined scarps profi­led in this type of soils is found to take
place, strictly speaking, in the conditionswhere the agen s under discussion are no
more playing a dominant role and where the
effect of cycling variations of temperatureis increasing.
- Paralelly with the growing destruction of
the loessy soils tending to enrich them in
sandy fractions, daeir response to frost



action is becoming lower without losing,how»ever, their sensitivity to the moisture con­
tent and variations in their soil-and-water
conditions.

mr. Kotuiaxq v.v. (ussn)
In the foundation of High Assuan Dam the

anti-filtration grout curtain was built which
is the biggest in the world at the presenttimes

Within the foundation medium-grained and
coarse-grained sands prevail; here and there
the sands turn into gravel.

Grounds had a permeability coefficient of
up to 500-400 m a day. The curtain was const­
ructed by the use of injection of clay­
cemsnt,clay as well as bentonite grouts into
the ground. At the late stage of injectionwork silicate grouts with addition of sodium
aluminate were introduced.

The depth of the curtain
volume of injected ground
700 thousands cubic meters.
that previous grout curtains which have been
constructed in alluvial sands behave well
and the curtain of High Assuan Dam is not
an exception to that rule.

At the present time almost the whole
height of the upstream water is lost withinthe curtain.

In this report we should like to focus the
attention on the condition of injected soils
and grouts after the injection,which had
place at the time or construction of the cur­
tain. Tnree special control bore-holes have
been bored out of which the samples of in­
jected soil were extracted when keeping na­
tural moisture and density.

The density of sceleton of injected sand
(with the deduction of water weight) was
1.92-2.15 t/cu.m and this high density of
soils was caused not only b filling of po­
res by injection materials gut also by comp­
ression effect of sand on the sceleton.

The porosity of injected sand,with excep­tion of the volume of injected material is
found to D8 equal to 28.5% in the average.

The primary injection grouts suffered con­
siderable changes. Bentonite grout which was
injected into soils with the density of
1.10 t/cu.m has been sedimented in the po­
res of the ground with the density of 1.16­l.25 t/cu.m.

In other words the grout lost 50% of its
primary water content in the average.'

The clay grout which has had the density
of 1.56 t/cu.m has the density of 1.44-1.64
t/cu.m in the samples, and therefore its wa­
ter content was decreased by 45% in the ave­
rage. As to these two grouts, their density
in the sands corresponds to the pressure of
1 bar, when compressing the grouts in the
odometer.

Moreover, the thick clay grouts and parti­
cularly clay-cement grouts have been found
in the ground in the form of dykes and layers

is 170 meters,the
'In n 1'|\"11‘|0Y1 .Rnd
It is well known

which have been fonned in the result of rup­
ture of ground during injection.

In t ese layers the density of injection
material has been increased up
t/cu.m.

The intensive compression of
grout was produced on the one
weight of dam and on the other
ference of the pressure of gro

to 1.7-1.9
sand and
side by the
side by trans­t onu the

sceleton of sand as well as on the sceleton
of grout during injection.

In this connection we believe that Une
most energetic compression of sand and grout
was produced by ruptures of sand,and these
ruptures have played a positive role in the
solution of the problem being considered.

The curtains in sand grounds
built b means of injection of
grouts gave a large thickness.

which are
cheap clay

This thickness is conditioned by the as­
sumptions of the possibility of washing the
injected material out of the curtain by the
water which penetrates through the curtain.

The information which has been reported
must be considered as raising hopes for'so­
lution of the problem of reduction of the
volume and thickness of future curtains.

Chairman Mr. H.Cembefort (France)

Messieurs,
Cette seance specials sur certains aspectsdu renforcement des sols et de

ment arrive a son terme. _
Je orois que les exposes qui

leur etaiche­
viennent de

vous etre faits correspondent aux reponses
les plus criginales aux questions posses.
Ceci ne vent pas dire que les autres repdnsessoient anna interet. Comme elles sont rela­
tives a des descriptions ds travaux qu a des
resultats de mesures concernant des procedes
deja connus,elles ont simplsment ete eclip­
sees par ces procedes originaux.Mais leur im­
pression dans les Comptes rendus permettra
a chacun d'y trouver les renseignements qu'ilrecherche. `

Il est difficile de tirer une conclusion
de cette seance forcemsnt axee sur l'Art de
construire. Pou ma part j'y vois trois en­
seignements que j'ai d‘ailleurs deja abor­des:
1- Il faut scuvent avoir d'autres connaissan­
ces que celles propres a la Mecanique des
sols pour etre capable de resoudre un proble­me de fondation. L'ecran ntanche dan la Her
Norte em est un bel exemple.
2.-Les raisonnements a priori bases sur nos
connaissances actuelles des so1s,sont quel­
quefois faux. Avec eux on n'aurait jamais
mele de 1'alr comprime au coulis d'injection,
pilonne intensivement des argiles ou realise
des explosions pour faire tasser ele sol.
3- Les procedes de consolidation ou d'etan­
chement sont tres nombreux,mais ils ne sont
pas forcement interchangeables. Chacun a un
domains d'utilisation plus ou moins etendu,
et quand ces domaines se recoupent,seul le
point de vue eoonomique permet de chois r.

Souvent ces procedes nouveaux nc resultent
que du succes obtenu sur un seul chantier,cu
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dans une seule nature de so1,et leur domaine
d'application est alors mal connu.Si l'on
veut 1'etendre,il feut prooeder a de nomb­
reux essais,comme l'a fait le Professuer
Begemann pour la Mer Morte, sinon on risque
un echec. C'est ce choix dans les possibili­
tes d'application d'un procede qui fait la
valeur d'un Ingenieur et non ses possibili­tes de calculs.

J'insiste lourdement sur cet aspeot,surtout
aupres des jeunes inbenieurs,parce que je m'y
suis fait prendre moi-meme,comme Je vous
1'ai dit tout a l'heure,quand J'ai voulu cui­
re des argiles saturees. J'ei vu aussi des
fondations ridicules et monstrueuees qui ne
faisaient que la Joie de l'Entrepreneur et
qui resultaient de la oopie pure et simple
d'une communication s un Congres, alors que
les deux sole peut-etre identiques au point
de vue geologique,marno-calcaires dans lee
deux cas,etaient a tendance meuble dans la
communication et a tendance nettement ro­
cheuse dans la copie. Cette simple petite
difference changeait tout le probleme,et elle
n'avait pas ete vue.

I1 y a aussi le "tour de main" le "savoir­
faire" qui ne peut pas etre indique dans un
rapport parce que c'est une experience qui
s'acquiert sur le chantier. Ar,si voit-on
quelquefois des precedes discredites parce
que l'executant ne savait pas travailler.
Et pourtant ses connaissancee theoriques
etaient grandes, mais il lui manqusit 1'ex­
perience des chantiers. L'ennui dans ce cas
la c'est qui Justement sa qualite cautinnneun resultat faux. Il faut done etre tres
prudent quand on veut mettre en oeuvre un
precede nouveau,et je sounaite que vous le
so%gz tous.levant cette seance Je remercie encore
les conferenciers pour leur expose et vous
tous pour votre participation et votre atten­tion!
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CONSOLHDATION DES SOLS SABLEUX A STRUC­
TURE INSTAXBLE DANS LES FONDATIONS DES
OUVRAGES PIYDRAULIQUES.
A.N.Adamovltch, U.R.S.S.

Ce sont les sables dont la composltlon granulomét­
rlque peut conditionner les phénoménes de renard
sous l'actlon de Uécoulement des eaux souterralnes
qul peuvent étrer consldérés comme des sols 5 struc­
ture instable. L'expérlence a montré _que le dévelop­
pement de ces phénoménes peut amener A une per­
turbation considerable de la structure des sables, et
par conséquencei A un aifaibllssement de la stabillté
des ouvrages hydraullques constrults sur ces sols,
ces lhits étant dGs aux éroslons intemes et 5 l'en­
trainement par Uécoulement des particules lines.
C'est pourquol le probléme de la consolidation des
sols a structure lnstable et de la prevention du de'­
veloppement des phénoménes de renard est un des
problemes les plus lmportants de la construction hyd­
rotechnique. Ia. résolutlon correcte de ce 'probléme.
peut contribuer a Uaugmentation essentlelle de la sé­
curlté et de la stablllté des ouvrages hydraullques,
surtout en presence des gradients de `l'l.ltmtlon ele­
vés. Inhétérogénéité aes S015 snbieux est camctérz­
sée par la courbe lntégrale granulométrlque en utlll­
sant l‘équatlon de Gauss

P=%f[§"“'»
ou Ib est le pourcentage des paétlcules; d'aprés
Glbrat l'expression Z=6ZfVéc2'+ est la lornctlgn qu.ldépend du dlarrétre des pa cules pour W- et
constants (1). Les phénoménes de renard peuvent se
développer dans les sables ayanl les particules de
dlmenslo llnlérleures au dlamétre des cavltés rnaxl­
males $4 ou la percolation a lieu et sl les vltes­ses de ltratlon sont supérieures Er la vltesse crl­
tique 7J,§,. Sl la condltlon d,-I < df”'“eet remplle, les
par-tlcules tr dlamétre peuvent étre entnalnées
par lldoouloment do pomolntlnn. Salon Pntrachev A.N.,
le diametre des cavités de liltratlon est determine
par une relation sulvante

¢¢,"'“°‘= Z/.2~1'<]’ EZ- ng
dé étant le coelllclent de re'partitlon non-uniiorme

des partlcules dans le sol (ou bien le coettlcl nt de
localisation du renard ), /2, - poroslté du sol.,'f ­
vlscoslté clnématlque, K/ - coetllclent de perméabllltédu sol.
Ia valeur de°£ depend prlncipalement de l'lnd.lce
d'hété\-ogénéité du sable /Z et avec une certalnemarge peut etre adoptée egale A

we =-1+0.o.2,Z ,L 0,0&;/Z1pour < 40. La gran eur maad e des particules
61,-iq peuvent se déplacer a Uintérleur du sol et

y pénétrer si la sortie de l'écoulement n‘est pas
p oté ,nie doit 'étre détermlnée 8 l'a1de de la relation
¢é;=§,Zf_gou la valeur numerlque du dénomlnateurest e nle experlmenlalement. Donc, les dimensions
des partlcules entrafnées dolvent rempllr la condition

ds, < ¢2QT“'= QCW9LA vltesse critique du renard étalt détenrinée selon
Patrachev A.N. If

7/Lt = %¢ff, }
avecjg - coettlcient de la Vitesse critique égal BX - '

Zsagfilf--9. f ..S'ut[50'-/~_¢2
ou 2' - polds volunique de; partlcules sichesjg ­polds volumlque de l'eau, - angle entre les direc­
tlons des vecte de la vitesse de Bltration et de
la pesanteur, or - coeltlcient rédult du Lrottement
qu.l dépend d degré de serrage ,des partlcules en­
trainées et de leur (orme. Les resultats experimen­

ont perrnis 5 l'auteur susmentlonné delaux obtenus
recommander pour déterrnlner ce coeitlcient 'la rela­
tlon sulvante: J(

/' = 0.82 -im + ¢200az[Z- QQ,
pour Q< 30 et 0.26`<)2{O.4 la valeur approchee
de ,Létant égale a 5. Apres avoir elfectuef lesavons évalué les conditions du déve­cal s, nous
loppement des phénoménes de renard dans les sols
et les dimensions des parlzlcules entrainées pour le
site d'un barrage partlculler. Les recherches expérl­
mentales sur l'lnjection dans les sables des suspen­
sions de clment colldldales et non-colldldales avec
l'utLLlsatlons des plastlflants tenslo-actlfs ont demon­
tré que c'est seulement pour les coeilicients de per­
méablllte de 50-100 nfjour qu'on peut obtenlr une
consotldatlon ettlcace et supprimer les phénoménes
de renard. ll est utlle -de réallser la dispersion du
clment dans un vibromoulln ou un turbomélangeur
rapide qul assurert Uamgmentation de la surface
spéclique du clment de 2-2.5 tois. Pour stablllser
le coulls de clment traité et dlminuer sa de2antatlon
on récommande l'adjonctlon cl'arglle a pourcentage
jusqu'a ao-50% du polds de amen: (3, 4). Le cri­
tere permettant d'évaluer Ueftlcaclte d‘une méthode
de consolidation des sables peut Qtre exprimé soustonne des relations 5 I ‘

‘ ) §§ » /7 er Q55 gm
avec eza- et ,DH - dimensions des partlculcc du sal
qul contlent respectlvement les particules plus Bnes
en pourcentfqage de 15% el: 10% selon le poids; af"­
et dp, - dimensions des partlcules du ciment qul
contient respectlvement les partlcules plus lines en
pourcentage de 85% 90% selon le polds. Malgré
que ces relations solent des crltéres tres importants
canactérisant la posslblllté d'|njectlon des sables,
elles sont lnsufllsanles pour évaluer l'ell1caclte' de
|'lnject:lnn en general et pour cholslr le regime opti­
ma.l de sa néallsatlon. En etiet, ll y a des autres
lacteurs qu.l jouent aussi un r6le tres Important, ce
sunt: le m.l\ul.n. \.or|e\..l cle  ( relotlon eau -- sollde)
du coulis nnlecmble et sa smbu1z@'(n°n-segwegeuon).
C‘est pourquol l'évaluatlon correcte des posslbllltés
d'ln_|ectlon exlge de déterrnlner non-seulement les
relations ln? uées entre les dlumetnes et les valeursde 65 (ou Z), mais aussi de cholsir les procédés
rntionnels de la stablllsatlon et de la plastmcatlon
du coulls. Les dernlers lacteurs ne peuvent étre dé­
termlnés que par vole experlmentale. Les relations
susmentlonnees entre les diametres des partlcules du
sable et du ciment se rapporlent aux coulls ermmlnés
dans cet article ou aux coulls analogues et ne peuv­
ent pas etre utillsées sans justlllcatlon expefrlruentale
correspondante pour les autres coulls, par exemple
pour les suspensions B concentration laible |:l'argi.le.
Ces relatlons peuvenl 'étre utlllsées pou.r les sables
relativement homogenes non-feuilletes. Les huli
pressions nécessaires pour assurer une consolida­
tion de haute quallté provoquent les claquages du
coulls autour du Iomge sous forme des filons ou
tlssures se propageant B. de grendes distances. Ces
claquages engendrent les parturbatlons de la struz­
ture natul-elle du sol et ses deformations. La realisa­
tion des voi.les d‘injectlon dans les alluvlons a mon­
tré que meme en présence des claquages sous iorme
des Elons on peut assurer une consolidation gene­
rale des sables qul est sufisants pour la construc­
tion de tels voiles.
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L‘si-e d'elai, slmée en bonlute de l'0.|rthe su' l'empl|­
cement d'une future ultoroute s une fonne rectenguleire
(longueur:40m;lugeur:20m).

Eta! du sol avant mdranenr par pllonnage

Le sol qu'il est néoesnlre d'améllorer event son utllh­
tion oomme sol de fondation des remblals de l'eutoroute est cons­

tltué par une eouche de limon d’une épmisseur vurhnt de 1,9 m I
3,6 m.

Sea earectéristiques sont les iuivsntes :

degré de saturation de 82,2°/o I lt'D°/o
(veleur eentnle : 94,6°lo\

indioe de pllstidté de 6,2 I 22,9
(veleur eentrale : l2,6)

teneur-en esu mturelle de 22,7 -I 4'l,7'°/o

(valeur eentnle : 30,~t°/o)

hllee de liquidité de 0,48 I 1,34
(velour centrnle : 0,'76)

gmposltlon gnmulométrlque
thctlon Il prvépondérmte

(psrtfalles de -2 I 20'nicmns)

eoeflident de perméabillté (mesuré en lebontolre
mr éehntions uanmhsés sans une eontrdnte de

` 0,37 ber]
11°-3, X,~,10's A 2 x 104 an/ne

' (vaurfwnfnxe = 1,26 x ur" an/wc;

Ls tlétermlnstion des carsctéristiques méunlques n été

fnite I hide du pénétrumétre statique de 2,5 T et du prellome­
tre et l‘en a trouvé :

desréslstancesenpolntede2Il0bsn
(veleur eentrale : 5 bars)

dee plesllons llmltes pre iométriques de 0,7 I 1,9
ber

(vrleur centnle : l,l bar)

des modules presslométriques de 5 I I6 bm
(valeur centrale : 7 ban)

Delranenr du ml.

Sur ls couche de llmon que nous venons de déclire on
e résllsé un remblai de 2 metres d'épaisseur. Aupamvant on evslt
plzeé dans et sur le sol un certain nombre d’appsreil| de menres
(plézométres, tassomelres, ...)

Le remblai e alon été pilormé - suivant une méthode
préoonleée par M. Ménard - per une meme de 8 tonnes, de 2 m2
de surface, tombant de heuteurs que l'on a felt varier de S m I
I5 m. Ls vsleur moyenne de |’énergie de pilonnage I été de
80 t m/m2 _

Etar du sol april pilonnage.

lee caractértstiquel méuniques ont été remesuréu qlil
tnltement du sol per pilonnsge.

I.; réslrtence en pointe pénétrornétrlque verie de 4 I 36 ban
(vsleur centnle 1 I0 bus)

La pmslon llmite preeslométrlque varle»de 2 I 7 bm
_ (velour oentnle : 4 ben)
be module pressiométrique varle de 20 I 128 ban

(valeur oentrale : 55 ben)

C’est-I-dire que, par suite du pllonnage, la réuistmee en
pohte e été doublée, In presslon limite qundruplée, et le module
|le¢lamét1-lque multiplié pu 8.

La canctérlstlques méesniques du remblai spree pllonnge
sont les suivmtes :

dnhtsnee on -poiamds 20 I 2m ban

Lumen 11mm a= s,s A 11,5 um
module PNlklIl‘\`l'||l|B de 65 I |67 bm

Ie tenement de In surfece lnltlele du sol n _été de licm.

Le ternln evllt été eu pfésllale étudié dans un oedomé­
tre dynlnlqu et des mesure: de ls presslon intentltlelle régnant
dm: B terntn méme su cours des différenter phues ont été fsitea.

ljexplication de la forte améllontlon ennststée réuhie essen­

tlellement dsns ll mise en Llquéfection du (8l'l'llil'l. einxl que le men­
trent les vuleun mnxlmnles ettelntel pu ls premium lntnstltlelle qui
correspondent I ls preeston totnle suble par le ternln. Apres llqué­
faction le sol ae restructure en un étst de eqmpaclté plus grande
que dms l'état initial. le tasrement totgl est, slnsl plus  mein
ll est sequin quui iutentanément.

Nom pounons revenir plus longuement sur ee problbme

at donner oonnsiumoe des rérultats do mauru eomplémentaires ea­
oole ea cours lon de la prénentation orsle de cette ®II'Illl\|.ll|Clu0l'l.



SAB CDNSULI S
R. Baroedstts. P. Falcoz (France)

Ls dlveloppemsnt recent considerable
des constructions souterraines an sites uroalns
tres enconbres en surface et en sous-sol a conduit
specialistss et chimistes A perfsctionner la conso­
lidation des sables fins et tres fins par injection
de gel dur de silica (performances. sécurité.
économisl. Les autsurs exposent ci-aprss la contri­
bution des Sociétes RHENE-PROGIL st S.I.F.-BACHY.

RHDNE-PROGIL s'est efforces d’apporter
des réponsss concretes aux principaux soucis des
utllisateurs de coulis ds silicate. tant sur le
plan ds la securité humsine (risque d'1ncend1e ou
toxlcitél des durcisseurs que sur les plans de la
souplssse 8 l'util1sation at des performances des
gels obtenus. Ainsi les durciassurs serie 600 A
base ds dissters organiques répondent A ces objec­
tifs sur chantisrs urbains (odeur tree faible) et
an galeris (point eclair superisur A 93°). Cas
mils durcisssurs. sans altérer la pénétrabilité
initials dss solutions ds stlioatsmutorisent
dssonsais 1'ajustage prscis sur chantier des tanos
ds pr1se'dans de tres larges proportions sans
fiittfl en cause les autres paramstrss ds la for­
rsuls du coulls nl la resistance mécanique finals.
Une melllsurs connalssanca dee phénomsnes de gali­
flcatlon conduit A une optimisation plus aerrée des
'Fonmrlss de coulis at donc A une rationalisation ds
leur euploi.

tres ‘Fins située A faibles profondeura (poeeibilité
de descendre A rroins ds l l/um); _1uequ’A 10 ou 12
MIC 2(D0 peuvent injector slmultanensnt. male inde­
pendamnent. autant de points de penetration A partir
d'une l'|§l'|B station de preparation du coulis. aux
debit et pression optima rsquis pour chacun d'sux.
Farallalement progrss égalsmnt lmportants dans le
controls du traitement et la surveillance permenente
de l'environnsnsnt au moyen de nolrbreux dispositlfs
ds mauro et d'observation.
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‘ P Préparetion du coulls et pompe prlmslre
A Alioentation auxilialre (air ou eau)
D1,D2, Pllotes dee vannes asservies
Vl,V2... Vanncs nsservies
R1,R2,.. Vannes de réglage,
Cl ,C2, Oompteurs totsliseteurs de déblt

des sables

De son cbté. S.I.F. BACHY s'est trouvée
confrontée au problems de la consolidation des horl
zona sablo-siltsux boulonts générolement aquiforoe

do BEAUCHAPP (d ‘\» 20 lllm k I 10'5 B
10'§ m/s) an zone tres urbagieée ds PARIS. pour le
resoudrs. elle entreprit une analyse syetématique
des gels dure precedents dans le domains des vis­
cosités ¢a:l.bles pour pemsttre une inurégnation
hnnngenn anus faihln nressiom et ce avec optimisa­
tion des per-Formancee procursee par le réactlf de
base; cette étude conduisit au gel FLLIJDLR dont la
tres faiole viscosité (3 cPo' en fin d'1nJect1on)
permit ds consolider (jusqu'a 20 bars et plus, en
scrassmsnt sinple) des formations uniquement justi­
clables _1usqu’alors des cobteuses résinesn an outre
par rapport eux gels durs de n£rre resistance. on
aooutit A uns rroindre consonlnation de silicate de
soude (EG) kg. maximum par n'B ds gal) et A une
llillsure tenue A l'eau.

FLUODUR

Silicate Na 5100 kg(Rp 3 21 36‘B)
Durclsseur 600 50 kg(Prine A 2O°C.50 mn)

JVlllll Ill Ill ==qllzll--f “_T' _ -l| I-- - A base de pdl' T3 SSI).  ­n _ | IE __ _ :: ~ ga .is _ ::.i.°===-_-----======EEE&Il_

Lss travaux suivants. realises en zones for­
tsrrlant uroantsées. sont quelques exenples d'appl1ca­
tion dee perfectionnemsnts exposée ci-dessus :

- Réseau EXPRESS REGIONAL et Prolongsment de
la ligne urbaine 13 Metro Parisian (ISGS-1972): :lnpor
tents travaux confortatifs préalables dans le pérl­
metre particulierement encourbré SAINT-AUGUSTIN ­
HAUSSMANN - AUDER OPERA - CAPUCINES (avec 4 llgnes
de metro en ssrviceh consolidation A 20 bar ds pros
de 25.000 m3 des sables siltaux de BEAUCHAPP evoqués
ci-dessus (acces et intercommunications de la station
WBER R-E-R.) at d'alluvions fines de la SEINE (ligne
13). Econormle tres irrportants par substitution du
FLLIJDUR aux rssines dans sables de BEAUCHAFP (AUER)
(cf. these de J. BDSSE. Université ds NANTES [27.5.
72 : 'Contribution a l'étuds des Injections dee sa­
bles tres 'Fins par ls gel de silice').

- Metro de BERLIN (ligne 7] entre stations
HEHRINGDAH et ROI-RDAH (1971) : Consolidation des
sables fins aquiferes (d1Q"' 0.2 mm; k . 10-4 5 10-5
m/s) au-dsssus du gabarit das deux tunnels. préala­
blement avu crsusemsnt de csux-ci A 7m. sous les caves
d'1|meub1ss (B.000 m3 consolides A 20 bar).

- Métro de HANDVRE. Cellerstresse (1972) :
creation de murs latéraux par injection de sables
fins A horizons gravelsux préalablemsnt a l'ex6cut1on
d'une fouille berlinoiss, afin d'év1ter dag dogg;-dns
aux :lrmeubles riverains (7000 m3 consolldés A 20bar)|
et consolidation a 30 bar de sablae fins sous imrreu­
bles (1C|00m3).D ~ 10 ED SD ll!

En outre. des progres technologiques inpor­
tante fursnt réalisés. notamnent grace A l'apparsil
d’1n_'|ect:|.on MIC 2000 (brevet S.I.F. BACHV) psrnsat­
tant d'op6rsr aux faibles cadsnces et pressions
exigées pour ls traitemsnt sans claquage ds sahles

BIBLIOGRAPHIE :
H. NAVARRO. F. OTTFIANN at J. BUSSE (I972)
"Accés et Intsrconmunications de la Station ALBER
Phase V); traltement confortatif des sables de
Beauchamp par injection ds gel' de silica".
TRAVAUX. Paris. n' 453. EEC. I972. p. 9 A 24.



A SPECIAL CLAY-DIAPHRAGM WELL CONSTRUCTED WITH THB
AID OF A STIFFENING CHEMICAL SLURRY. Dr.It.H.K.B.Ph.
Begemann (The Netherlands)

1. Synopsis
In the southern part of the Dead Sea, dykes had to
be built for the construction of evaporation pans.
A clay core in the gravel dyke (waterdepth 2-5 m)
and a clay cut-off in the underlaying salt rbck
(permeability 5.10'1 cm/sec) had to be constructed.
Total depth of clay core and cut-off was 7 to 10 m,
and 2 m wide and had to be constructed with the
slurry-trench method. For certain reasons a seal­
ing slurry was required. A cement-bentonite slurry
could not be used, due to the composition of the
Dead Sea-water. For this unique problem a unique
solution was found by taking advantage of the pre­
sence of the high quantity of Magnesium Chlorite
(MgCl2) in the Dead Sea-water. The forming of
Sorel cement could be obtained by adding hydrated
limeh thus enabling a permanent stiffening of the
slurry.

2. INTRODUCTION

In the southern part of the Dead Sea dykes had to
be built for the formation of evaporating pans.
From a total length of 37.5 km, some 25 km had to
be built on a subsoil of layers of rock salt 30 to
70 cm thick, with thin intermediate layers of soft
clay. The permeability of the layers of rock salt
was 5.10'1 cm/sec. It was therefore necessary to
construct in these salt layers a clay cut-off that
had to join to a continuous clay layer, 0.5 to 2
metres thick at a depth of 4 to 5 m below sea­
bott m.
As the dyke, to be built in 1 to 5 metres of water,
consisted of wadi gravel and sand, this dyke too
had to have a core joining on to the clay cut-off.
A cross section of this dyke is given in fig. 1.
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FIG. 1. CROSS SECTION OF TH DYKE

3. METHOD OF CONSTRUCTION OF CLAY CORE AND CUT-OFF

After the gravel and sand dyke had been built up
to a height of 1 m above sea-level, a very large
backhoe was used to dig a trench through the gravel
dyke and through the layers of rock salt to a total
depth of 10 to 11 m below crest level. At the same
time the trench was kept filled up to the top with
a slurry to stabilise the walls. In normal circum­
stances a bentonite-water slurry would have been
used. However, in the Dead Sea-water (density of
1.23 gm/cm3), bentonite loses much of its plaster­

ing capacity. Therefore the contractor~used Zeogel
(attapulgite). It was a continuous operation,
while the backhoe was excavating on one side, on
the other side the trench was being filled_with
clay. At crest level the length of the slurry­
filled trench varies between 30 and 50 m. The
Zeogel-slurry, however, proved inadequate Eb pre­
vent the many cave-ins. Furthermore the entrapped
slurry could easily be washed out of the sand and
gravel by a slight water pressure. To solve these
problems use was made of a "chemical" slurry with
sealing properties.
During the excavation and filling of the trench
this slurry had to remain sufficiently fluid but
had to stiffen as soon as it was entrapped in the
pores of any sand or gravel. The minimum cohesion
of the stiffened slurry had to be 1.0 gm/cm2.

4. THE CH MICAL SEALINGUSLURRY

The most simple answer would have been a clay­
cement slurry, Cement, however, could also not be
used in this salt environment, so other solutions
had to be sought. At Dr. Block‘s (D.S.W.) suggest­
ion the possibilities were examined of compounding
Sorel cement by adding lime to the concentrated
Dead Sea-water (brine) and utilizing the large
quantity of MgCl2 (170 to 200 gm/1) present in
this. These reactions should proceed as follows:
MgCl2 + Ca(0H)2 + Mg(0H)2 + CaCl2.
With the remaining MgCl2, Mg(OE)2 gives Sorel
cement, the formulas of which may be written as
follows:

low basic: MgCl2 3Mg(0H)2 BHQO
high basic: MgC12 5Mg(0H)2 8H20

In the first instance, low basic is formed. _
The aim was to make a cheap s1urry.with a minimum
of components, meeting the following requirements:
1. sufficient wall support by plastering proper­

ties.
2. when entrapped in sand and gravel, stiffening

with time to a minimum cohesion of I gm/cm2
and with a permeability of no more than 10-6
cm/sec.

3. No bleeding during stiffening.
4. A viscosity and a slowness in reaction such that

in a continuous operation the slurry may be kept
workable by repeated partial renewals.

The investigation into the correct slurry composi­
tion could be divided into three phases:
lst phase: "static", with small quantities (labora­

tory investigation)
purpose: to investigate the trend of the reaction

at various compositions and its influence on
the requirements stated above under 2 to 4 incl

2nd phase: "semi-static", with large quantities in
a trench of limited length (j_10 m)

purpose: the design and testing of mixing install­
ations, their influence on the requirements
made and the first indications of the influence
of excavation on the properties of the slurry.

3rd phase: "dynamic", full-scale trials in contin­
uous operation

purpose: collection of the following data:
a. degree of contamination of the slurry and its

influence on the requirements made;
b. the percentage of slurry-loss;
c. the extent to which the chemical process is



adversely affected by the method of construct­
ion, and how this can be simulated in the
laboratory by a continuous stirring process;

d. the trend of the viscosity.
As regards the first phase, the following may be
remarked:
The chemical process takes place relatively quickly
in itself. However, the addition of clay slows it

considerably. Mixtures such asa 500-700 gmdown
clay + 1 ltr Dead Sea-water + B0tD 150 gm lime,
gave
ting

very fluid mixtures which displayed good set­
after 2-24 hours. These good results were,

however, obtained only at temperatures below 25­
30°C; at 40°C practically no binding occurred. This
would have made it impossible to apply this process
However, the solution to the problem proved to be
the addition of Mg0. This reacts immediately with
the solution of MgCl2 as follows:

HgCl2 + 3MgO + 11 H20 + Sorel I
Mgclg + sngo + 13 B20 -> Sorel II

Here the reactions, as regards temperature, are
exactly the opposite to those of the lime; at lower
temparature a weak and slow reaction at high temp­
eratures a strong and rapid reaction. By adjusting
the proportioning of the MgO to the temperature, lt
proved possible to make a slurry satisfying the're­
qulrements up to temperatures just above 40°C. To
stop the slight bleeding Zeogel and locally burrow­
ed qlay were added. An example of a mixture, good
at 30°C is:

Additives Composition
on 1 l base slurry base olurry

20 gm Zeogel density 1.5 gr/cm3
30 gm lime MgCl2 206 gm/lt
40.4 gm Mg0 CaCl2 57.5 gm/lt° Cl 225 gm/1t

In the second phase large quantities of slurry
were mixed and pumped into a trench that a backhoe
was excavating (depth 2.5 m). After excavation, the
slurry in the trench was left undisturbed for
further stiffenlng. Stlrring speed in the labora­
tory was adapted in such a way that the final re­
sults in the field and ln the laboratory approached
one another as closely as possible.

After these tests the first full-scale trial ln
continuous operation was performed. During ex­
cavating of a trench 2 m wide and 10 m deep 50%
slurry loss was measured due to excavation and
screening. At a progress of i_5O m trench per day
this amounted to a required slurry production of
:_500 m3/day. On the first day the viscosity was
low enough for excavation and filling of the trench
However, by the end of the second day the viscosity
rose increasingly, being too high on the third day.
On the strength of these results, the laboratory­
tests were continued, the slurry being continuously
stirred at 100 rpm while every four hours 10% of
the slurry was replaced by fresh slurry.
As an example fig. 2 gives the result of Sample U,
testing of which was continued day and night for 22
days at 40°C. Moreover, XP (etherized starch pro­
duct) was added. The purpose of this addition was to
retard the destruction of the chemical binding, it
had a lowering effect on viscosity.
In fig. 2 time ls plotted on the horizontal axis and
the apparent viscosity at 60 rpm on the vertical
axis.
For construction of the trench the maximum apparent
viscosity could not be permitted to rise above
3000 cp at 60 rpm. It is clear from these results
that if one started with a fresh slurry, after the
second day a considerable increase in viscosity
occurred which could be corrected only with con­
siderable dlfficulty. After 5 days the high vis­
cosity decreased. The samples taken during the
period of high vlscosities were very good; no bleed­
ing and 2 to 4 gm/cm2 cohesion. After this period
adjusting became simpler. It is therefore necessary
when starting the trial nr nnnstrnctinn nf the trench
to keep the lime and MgO concentration on the low
side and to increase these gradually once the first
'viscosity peak" has been passed, but not before.
on the strength of these trials the following mixture
was advised for high temperatures:
Zeogel 29 g/l in a plastic-clay mud, making n
Lime '17 g/1 specific gravity of
ngo 9 g/1 1.47 t/m3
and for low temperatures:
Zeogel 36.7 g/l
Lime 1B g/l in a plastic-clay mud, making
Mg0 7 g/l a specific gravity of 1.47 t/m3XP 15 g/1
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FIG. 2. CONTINUOUS STIRRING TEST
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The general conclusions are as follows:
- After the “viscosity peak' at the beginning has

passed, much more Zeogel, llme and Mg0 can be put
' lnto the slurry.
- It is not impossible to reduce bleeding by rais­

ing MgO content only.
- Bleeding can be reduced by increasing the Zeogel

content, especially if combined with extra lime.
- The mixing time of lime is decisive for the

workable period, and consequently for the quan­
tity of binding agents that can be "stuffed" into
the slurry.

- Additional partial renewals are necessary.
- Zeogel lessens the sensitivity of the slurry.
- The presence of Mgo is essential, particularly at

high temperatures, to push the sorel reaction.
- The permeability of this slurry was less than

!0'6 cm/sec after stlffening.
- By means of an air lift the slurry was continuous­

ly pumped up from the bottom of the slurry-trench,
screened and returned. in order that the qunntitl
of coarser particles could remain within the re­
quirements laid down.

In conclusion-it may be rema ked that, thanks to
the n1¢uve1y lrlgher' specific gravity (1.41 t/m3
as against 1.23 of the water) and the good plaster­
ing properties, the stability of the trench walls
was very good.
The 'open trench length" was unlimited and cave-ins
hardly occurred at all. It was possible to construct
a 'clean' clay core, 25 km in length without further
diffi£“1t1¢B_
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mu"f'éS $223B3'f~§"in”%h3“XS21§£iné“%§°<=§2§1§§i`grcuting were one in Europe. Cambefort and
Caron in France, Neuman_and Kutzman in Ger­
many and Rzhanicin and others in the USSR re­
ported results. To get some plus aspects of
the question, and to receive the solution of
known future problems at the tunneling works
of the Underground Budapest, laboratory testswere executed in the Geotechnical Institute
of the;Budapest Technical University- led by
professor Kezdi- and in the State Institute
of B ilding Research - also in Budapest.

Because of the geotechnical circumstances
a single shot sodium silicate base chemical
grouting is desirable. During the laboratory
program chemical investigations were fulfileled and different saturated and dried sand
speciments were injected by different chemi­cals.

The
grouting lies
questions: to

success of the designing of a chemical
on the good solution of two
find the very suitable grout

1. that can be injected eccnomically,and2. that produces the desired strengthincrease /and other behavior/ of the
soil mass.

The solutions of the two questions are not
independent from each other.

About thacmemical results I offered a report
in 1972 /l/. the derived results of the geo­
technical laboratory tests are now reported.

The mentioned scientists agree,that the
specific surface /the surface of the :eight
unit/ of the soil has a great influence on
strength increase and behavior of the chemi­
cally solidified soil. Ne recognized,that the
shape of the grunulumstrlcal curve has aninfluence too. There of we used a coordinate
/6/ system in which at definit void circum­
stances /porosity, density etc./ differentsoil characteristics are figured with the
specific surface and the uniformity coeffi­
cient, both scaled logarithmically. This or
similar diagram is also useful investigatingother
rical

the
problems in function of the granulomet­
composition e.g.:
angle of internal friction

the maximum and minimum void ratio
the permeabilityand others

/ it is nearly the same diagram if instead of
specific surface D10 or Dorf is choosen/.

In this coordinate system are shown not
the strength recorded at the

- simple compression tests /l/ and
- brasil compression tests /2/

further the observed
- deformation modulus /5/

and at last the,from the compression tests
counted

- cohesion /4/ and­
- angle of internal friction /5/

/The 61 value of the brasil compression test
is counted P

6° = ra

where "P" is the strength of the specimen of
a length c "h" and diameter of "d"/.

It is to observe,that the strength parame­ters of the stabilised soils of the same
uniformity coefficient increase with growing
specific surface to a'maximum, and over it
decrease. The same function was found by gro­
wing uniformity coefficient and same speci­fic surface. The increase of the internal
friction”angle shows' a maximum drhigher
uniformity coefficients.

The ground of the observed connections is
that the grouting material results better
joints between the soil participles at lar­
ger specific surface,but the perfect infiltra
tion is limited by 'die dimensions of the
voids. The maximum of the functions is dif­
ferent by different chemical grouts.
REFERENCE.
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REALISATION oss vorms 1>'rNJEc'rxoN D.-ans LES
FONDATIONS sntsnsusss A CAR1NATES Des
BARR/xcss PAR L'1N.1sc'noN oss ALCOYLRESOR;
CIN!-:s. v.F.Demine (u.R.s.s.)

La\1iste des resines synthetiques employees avecsucces pour la consolidation des sols sableux car­
bonates qu'on rencontre souvent dans la construc­
tion hydrotechnlque est limitée. Clest pour-quol les
recherches sur les nouvelles compositions qul re­
pondent' aux exlgences modemes sont d‘une grande
actuallte et attlrent une grande attention de plusleurs
chemheu-S /1-5/_ c'e-at 1'a¢nuém|¢1en Kargulne v.A.
/3/' qui a montre que les phénols blatomiques peuvent'
etre consldérés comme un prodult brut ayant beau­
coup d'ava.ntages pour la consolldatlon chlmlque des
sou. Bum donné le déncn d‘un sei représenmm du
groupe des phénols comme résorclne, on a propose'
de la substltuer par un prodult de phénol extralt des
eaux réslduaires provenant d'l.ndustrie des schlstes.
Ce prodult commezclallsé en tant que "phenol som­
matre schlsteux" est le concentré des alcoylrésor­
clnes, celles-cl éfant en quantlté ju.squ'a 8596; les
alcoylrésorclnesP:ontiennent les lsomeres-5 des alcoyl­
résorclnes trltonctlonnelles d'apres le fomnaldéhyde
en quantlté jusqu'E 40%. L'autre partie de ce mate'­
rlau, la partie blatomlque, ee compose prlnclpalement
des dlalcoylrésorclnes blfonctlonnelles. La capaclte'
réactlonnelle des alcoyiresorclnes schlsteuses au tor­
maldéhyde est consldé'rablement plus grande que celle
des résorcines, et c‘est alnsl que leurs melarges
avec_la formallne sont susceptible d'etre polyconden­
sés aux temgératures relatlvement basses, par exem­ples a 4-10 C, qul ont lleu généralement lors de la
consolidation des sols. Le phenol sommalx-Ie schisteux
est un prodult`a grand tonnage et son cout ed 15
lols lniérleur a celul de la resorclne._Du polnt de 'vue de la consolidation des sols c'est la solubllite
de ce pnodult dans l'eau qul contrlbue Ya. une bonnelmprégnation et contact avec le sol saturé d'eau. Sa
solution _gquese avec Iormol represents un Llqulde
peu vlsqueux incitement injectable qul peut B un cer­
tain dosage minimal de Uhydroxyde de sodium se
translormer en une masse monollthlque extrémement
réslstante ayant une honne adhesion et, par conse­
quence, un bon contact tant avec le sable/ qu'a}/ec /
les sols c;arbonates.’L'auteur /6/ a élabore et etudlele procede et les methodes de la consolidation des
sols sahleux carbonates aux temperatures basses au­
dessug du-zéro a l‘alde d‘une "solution alnooltque
du phenol sommalre schlsteux soluble dans l'eau".
Plus loln l'auteur 'la nomrne "solution du phenol
schisteux". Cette solution est &brlqu§e en Estonie
dans les usines de 1'industrle des schlstes. Ce pro­
cédé de la consolidation des sols a l'a.ide des ré­
sines a base des phefnols sommnlres schisteux est
basé our le prlrlzlpo do l'actlon des résines sur les
partlcules mlnérales du sol comme résultat de l'inter­
actlon physlco-chlmique entre certains groupes po­lalres des reslnes et les partlcules actlves du sol.
La polycondensatlon des résines de phenollorrnaldé­
hyde a.ssure`la formation des structures trldlmenslon­
{1el.les polymeres dans le sol, ce qullcontrlbue aussia sa consolidation. Au fond ce procede se redult a
l'|njection sous presslon d‘un coulls ayant la com­
position sulvante, cette Injection s'efIectuant a travers
u.n tube perlorel 1. Produit de la solution du phenol
schlsteux, polds specllique 1.08-1.09; 2. Flormol, polds
spéclllque 1.09; 3. Solution aquese de l'hyd.roxyde
de sod1um,poids spéclilque 1.05. Apres `un laps detemps donne /cle quelques minutes jusqu'a quelques
heures/ le coulls lnjecté se transiorme en une résine

de phénolformoldéhyde du type résol et assure une
cohéslon lrréversible entre les particules du sable,
en donnant ainsi un monolithe extrénement dur. Ce
procédé permet de consolider les sables a fins
gnalns avant un coefficient de pennéabillté de 0.3 It
10 rn/jour, en assurant leur résistance A la compres­
sion égale Ei 100 kg!/cm2 et en dlmlnuant leur per­
méabillté de 200 tois. Outre cela ll donne la possi­
blllté de consoltder les sols sableux ayant n'lmporte
quelle quantité de carbonates. C‘est grace a cette
qunllté que le coulis propose devlent pratiquement
hors concouxs par comparalson avec les autres cou­
lls connus. Les recherches eflectuées sont basées
sur la méthode de la consolidation des sols par l'ln­
jectlon des coulls dans les sables saturés d'eau,
cette Injection étant sulvle par l'expu|sion de l'eau
intexstltlelle. Les experience réallsées en laboratolre
ont permls d'étudier l'in|I|uence du pouncentage des
carbonates dans le sol la consollder sur sa stabillté
et sa %sistance B la corrosion, alnsl que sur lespnoprleies de filtration et de deformation. On a accom­
ptl un_e telle consolidation des sols sur deux chan­
tlers.des immeubles et sur un chantter hydrotech­
nlque lors du percement d‘un tunnel. Les carottes
prises dans les (orages ont contirmé la justesse des
conclusiors relatives aux compositions des coulis
d'lnjectlon. Ainsl. la resistance a la compression des
carottes du sol consolidé pr-lses dans les Iorages au
,voislnage du tunnel et conseniées dans l'enu et l'alr
pendant 60 'ours est égale 21 15-20 kg!/cmz. Les ré­
sultats expérimentaux ont dernontré que les coulls
d'lnjection a base de la solution du phénol schis­
teux pemiettent de créer les pierresartlilclelles
ayant une bonne imperméablllté et stablllté contre
l'act.\on de l'eau., aussi bleu qu'u.ne bunne resistance
is lacompression et is la corrosion tant dans les
mlleux` _ acldes que dans les mllieui alcallns. C'est
sur la base des résultats expérlmentnux obtenus en
laboratolre et in situ qu'on a élabore les necomman­
dations sur les procédefs de la consolidation par
lnjectior us sols qui servant de bose |'\o||r`lr»|=. pro­
jets de volles d'injection dans les sols sableux
carbonates des fondatlons des barrages.
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LA PAROI PREFABRIQUEE. G.Y. Fenoux (France)

} - GENERALITES

Le procédé de paroi moulée est désormais
classique pour le soutenement des terres.
La réussite repose sur une opération clef :
le bétonnage, avec les phases préparatoires
essentielles : curage, dessablage, descente
des cages. La_préfabrication supprime ces
difficultés.

Le procédé de paroi préfabriquée comporte
deux opérations :
- perforation (comme en paroi classique)
- mise en place des éléments, un coulis de

ciment assurant le scellement des éléments
entre eux et au terrain.

On utilise soit une structure discontinue
composée de poteau; verticaux et de dalles,
soit, le plus souvént, une structure conti­
nue compoeée de panneaux identiques (FIG.I).
Le calcul des efforts externes supportés par
la paroi est conduit de fagon habituelle.
Le dimensionnement des éléments est fait
par application des regles usuelles en
superstructure ; les taux de travail plus
élevés qufen paroi classique assurent un
meilleur emploi des matériaux.

sUHBCQ du S ' '9' presaignee-`_ [ \Hrant évenruel’/r` {§"¢- ,~; ;’.
.'f<-*gy
13 _(ff| 4| ‘L rn 1*ié iss
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]L~ h iifi 59 couhsQ( wr' Y “Panneaux "‘\_` lin ft’_ "~~iii!~~,.\2coulas restant en place `~\ ‘gy
Q wm éventue]` /

COTG FOU.|ILE_ coulis enlevé au terrassement

FIG. I

On utilise généralement le béton armé.
Le bois ou le métal, plus légers a perfor­
mances égales, sont aussi plus chers.
La capacité des engine de levage usuels
limite a 30 t le poids unitaire d'un
élément ; précontrainte par fil adhérent
et aménagement de creux en fibre neutre
gagnent du poids a moment résistant4donné.

Aprés perforation de la saignée, la mise
en place des éléments s'opere en suspension.
Un dispositif prenant appui sur les murettes
de présaignée prend le relais de la grue et
permet le réglage. Il reste jusqu'a la prise
du coulis de scellement. Du soin apporté a
la présaignée découle la
grande précision de misecm). '
La souplesse d'exécution

possibilité d'une
en place (quelques

est grande : on
peut opérer eoit en "continue" (mettre les
panneaux les uns a la suite des autres),
soit en "alternance" (panneaux primaires
puis secondaires).
La paroi préfabriquée est incorporée a
l‘ouvrage définitif : son étanchéité doit
étre satisfaisante. A la protection donnée
par la couche de coulis de scellement
étanche subsistant coté terre, s'ajoute
celle d'un enduit étanche sur la face
cachée des éléments avec raccordement ar
traitement spécial des joints (FIG. II).

CGTG TERRAIN coulis autodurcissant étanche

"_?,,,,iw¢,;,ri,¢T_,,,,J __. .,. .._.

/ enduh d’étanchéné
C6Té FOUILLE traitement special des ioints

FIG. II
2 - LE PROCEDE PANOSOL

Dans le procédé PANOSOL (Brevet Solétanche),
un unique coulis auto-durcissant a double
fonction de boue de Torage puis de coulis
de scellement.
Composé essentiellement
coulis possede diverses
chimiques conférées par
(bentonite, retardateur
prise).
Il se comporte comme un
pendant la perforation ;

de ciment, le
propriétés physico­
les adjuvants
et régulateur de

fluide de forage
sa prise est

différée, son durcissement immédiat
contrdlé ; en etade final il doit avoir
les résistances requiees par le projet
(supérieuree au moins au terrain encais­
Sant) (FIG. III).



Résistance maximele
pour grattage du joint

Rc
Kg/cm'

1 Resistance maximale /pour forage -\e, _ &et equupement oo

\\\“` Résastance
6. e0.2 u ' _ '_

! ‘ pour perglzrparggneé venir,///// | |Y" 1 1 A A 1 10 2 5 ' _‘ 12)
Temps en jours

FIG. III
Une charge éventuelle en sédiments de
perforation peut conférer au coulis des
qualités mécaniques meilleures.
En deux 8.115 (mi 1970 E mi 1972) 10
chantiers représentant plus de 80.000 m2
de paroi PANOSOL témoignent de 1‘intérét
du procédé e‘t de son degré élevé de mise
au point.
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3 - LE PROCEDE PREFASIF

Le procédé PREFASIF (Brevet SIF-BACHY)
est basé sur la substitution du coulia
de scellement au fluide de perforation
(boue bentonitique classique), immédia­
tement avant la mise en place des éléments
préfabriqués.
La nature du coulie de scellement peut
varier sur la hauteur d‘1m panneau. I1
posséde des propriétés particulieres de
prise et de durcissement.

Deux autres caractéristiques fondamentales
du procédé sont : enclenchement mécanique
des éléments successifs les une aux autres
en leur pied (assurant la continuité géomé­
trique rigoureuse), disposition originelle
double femelle du jo:Lnt entre deux éléments
successifs permettant la mise eu place d'u_n
water-stop doublant l'étanchéité déja
assurée de construction par le coulis de
scellement (FIG. IV). ~
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FIG. IV
4 - IIONCLUSION

Du fait de ses caractéristiques propres, la.
paroi préfabriquée'marque de nets progres
sur la paroi moulée classique. Qualité et
aspect, emploi dee matériaux, simplicité et
précision de mise en oeuvre, étanchéité,
suppression des aléas do bétonnage at de
facon générale contrble et sécurité sont
autant de facteurs d'amé1ioration d'une
importance telle que l'on puisse considérer
qu'il s'agit bien la d'un procédé nouveau.
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SILICATION OF LOESS SOIIS¢ R.F.Fomicheva,
A¢KeB9kB`U0ve

Since 1960,the chemical grouting cf- soils
by silicaticn is widely used by the Research
Institute "Rostovsky Promstroiniiproject"
for the purpose of stabilising foundations,
when deformed by wetting. The availability
of this method has been confirmed by the suc­
cessfull application of silication for pre­
venting deformations of buildings in more th
than 250 structures subject to soil settlem­
ent type I. In all cases,the soil grouting
was carried out by using a lar e amount of
sodium silicate (from 80 to 128145 per cu m)
which made this process very expensive.
Furthermore , in 'nost cases,the soil
strength obtaineu such a quantity of wa­
terglass was not required,

Since 1967 investigations for chemical
grouting of loess soils by the use of asmall amount of sodium silicate have been
conducted by the "Rostcvslqy Promstroiniipro­
ject", Jointly with the Foundations &= Under­
ground Structures Research Institute in or­
der tc reduce the quantity of sodium silicate
as well as the cost of this progressive me­
thod of improving soil properties.Varicusquantities of so ium_ silicate of different
density were used intests.

Grout- impregnateddiameter till 2m and
lumns, 17m depth,were zinstalled" in stabi­
$ized ground during the field investigation.he amount of waterglass used for groutingwas to eliminate the settlemnt of such trea­
ted soil without its substantial strengthe­
ning. The static tests of these columns and
groups of columns,when being wetted showed
the set_tlement of only 4 to B mm. The dead
load settlement of columns and groups of
columns on type II soils ranged from 3,2 to
5,6 cm while in the experimental excavation
it reached 70 cm.

The strength and deformation tests of sta­bilised souls have shown that the settlement
of loess soils is completely eliminated by
the use of 26 to 40 kg of sodium silicate
per cu m. It may be noted that the initial
settlement pressure increases abruptly: it
is within 0,5- 0,8 kg per sq cm for untreated
soil, and it rises to 5 kg per sq cm for si­
licate grouted soil.
-The silicate grouting of soil yields the i

increase of strength and decrease of stres­
train characteristics. It is remarquable that
the cohesion of grouted soil, when wetted,
becomes 2 cr 5 times greater than that of
untreated soil (Table 1).

laboratory and field
columns-supports having
also groups of such co­

Table I.

lmount of:'Cohesion :"`l£ng1e of '_HoHuI\n of
sodium si: c,in kg per :Lnternaljdeformatlon
licate,ig: sq cm I friction ;E,in. kg perkg per m : I in deg- sq cm: 5 rees 5 _
15-25 0.25 25 15026-35 0,45 25 200.56-45 0.52 23 250

The values c, E are given for soil
having the degree of water content0,7 and the void ratio within
o|7"o|9»
The experimental laboratory and field
studies have proved that the settling
properties of type I and II loess
soils could be eliminated by the useof a small amount of sodium silicate
(5 to 4 times less than that requiredfor conventional soil stabilization.

In 1970 and 1971, the method of
eliminating settlement of soils wassuccessful y used :Ln the course ofconstruction offoundations for some
industrial structures and housing.
In all cases significant financial
savings were realized.

NOTE.­



LE VOILE D'ETANCHEITE DU HAUT BARRAGE
D'ASSOUAN. V. KOTOULSKY, A. POPOV (UHSS)

La fondatlon de la partie au lit du hautbarrage d'Assouan, si ue sur le Nil repose
sur une couche d'a1luv1ons de 220 m d'epa1s­
seur. Les terrains, recouvrant la vieille
vallee du fleuve, sont de nature et de per­
meabilité assez differentes. Les sables et
graviers de dimension trop grossier ont le
coefficient de filtration de 150 e 300m par
jour, pour les sables fins ce coefficientest de l'ordre de 5 a 10m par Jour (fig.1).e 3 § § 5 SU é § R T Q §
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Pig. 1. Profil le fond du barrage

La partie inferieure de la couche alluvi­
onnaire d'ere tertiaire de puissance de 90m
est pratiquement impermeable.Avec d'une couche dee sables artificial,
qu'en fait sur alluvions naturelles, la pu­issance totale des terrains traverseé par le
voile d injection est égale a 170 m. Le
voile d'1nJection d'epaiseeur variable de
40 m en haut Jusqu' h 20 m en bas, dont levolume total atteint 1665 000 m des terra­
ins traites, reste aujourd' hui le plus amp­
le au monde. Au corps du barrage on a exe­
cute 13 lignes de forages verticales ecarte­
es de 2,5 m et 5 m. L'1nject1on de chaque
forage a été effeotuée par les tubes h man­
chettes,2espacees de 0,33 m, h preseion de60 kg/om . Au premier etape on a mene les
travaux depuis la surface du noyau en argi­
le remblayé h la hauteur de 38 m sur les
sables alluvionnaires. Dans les lignes laté­
rales de forages on a injecte le coulis ar­
gile-ciment, dans les autres lignes l'inJec­tion s'est faite avec les coulis h base
d'argile (pour les eables h gros grains) etles coulis d'bentonite traitee (pour les sa­
bles fins) avec l'adJonction ds silicate de
soude. Durant le premier érape des travaux
on a injecte 90,5 % du volume total decoulis
aveo l'absorbtion moyenne des produits secsegale h 161 kg par 1 m des terrains a trai­ter. A la fin de la premiere phase des tra­
vaux, le gradient de charge au voile a atte­
int des valeurs 70 % de la charge totale au
barrage.
Les volumes sans precedent et la producti­

vite intense des travaux d'1nJection au cha­
ntier d'Aseouan s'ensuivit des ces frequ­

ants des claquages, accompagnés aseez sou­
vent des réeurgeneee du ooulis. Ces pheno­
menes ne sont pas dangereux pour un fonda­
tion ou un noyau du barrage, cependent ils
augmentent l'héterogeneite du traitement
dee sole. Les résultats d'evaluation sout

donnes par le tablau suivant:-----..--__-----.L-----..----..---..-----_-----­
Coulis,injecte! teneur moyenne de matiere
dans le sol !aeches en %% au poids du sol

7ii5IiTT'mEiImf]'E5§S5"""'-----------_---+------;---_------_---------­ciment-agrile 4 37 16agrile 4 23 11bentonite traitee 1,4 9,6 4
La teneur la plus haute de matierea se­

ches est liée aux zones des claquages au
cours d'injeotion. Le ¢°6ff1¢1ent de filtra­
tion du terrain traite a oecillé entre 0,01
et 6 m par Jour (dans B8 % des cas il avait
ara moins de 0,5 metre par jour). On peut
dire que l'heterogenéite du traitement des
sole a éte le principal obstacle pour la di­
minution de l'epaisseur des voilea d'injec­
tion et leur prix.

On a realise la reinjection dans les fora­
ges supplementaires aveo lee coulis bien
penetrants qui ne produisirent pas les de­
formations importantea Su terrain. On a in­
jecte en outre 19 ooo m de 1'benton1te tra­itée et 46 000 m du coulis alumo-silicate,
c'est h dire 9,5 5 du volume global des cou­
lis et l'absorbtion moyenne augments pour
atteindre 182 kg de produits sees per 1 m3du terrain. Le coefficient de filtration
dans les forages de controls varieit de
0,02 a 1,6 m par Jour et en general etait
de l'ordre de 0,31 m par Jour. En consequ­
ence, aprbs la réalisation de la seconds
phase des travaux 1'hetérogénéite du voile

a été diminuée, mais pee eliminee. Touts­
fois on a consteté que d'une maniere genera­
le le voile se comporte assez seffisament.
AU cours des travaux d’1nJeotion le gradi­

ent de charge au vo1le varialt de la mania­ra sutvanten _
'5;;;;"°""T'°VTT1'T"iTT'7'2TT'T"iTT"'

_a=ag,_sage;i__1E§Z_1_1?§Z_i1E§?_11252--­
Volume du

goalie injects
m§§§e;°m5°t;° 520 620 670 ees

%% 76 90.5 98 100
Le gradient de

charge eu voile
en % a la charge 40totale au barrage

Selou ces données le coefficient moyen
de filtration au corps du voile etait de
0,15-0,2 m par jour.

Les observations faites apres 1969 mont­
re que la perméabitité du voile continuait
h reduire. En 1972 le gradient de charge
au veils etait egal h 9B % de la chargeota e.
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u'r;L1sA'r;0N DE Pwsisuns TECHNIQUES ns PAROIS
Mounsss mms LES A1.LUv10Ns DE GRANDE PERMEABJ;
-LITE ser DE GRANUr..0Ms'1'n1E TRES v1m;1EE nu sun
DB YON' P. Laréal J. Ferrand

R. Kastner C. Bouyat (France)

A LYON (FRANCE), quartief’de la Part-Dieu, la
S.E.M.A.L.Y. et la S.E.R.L.-S.E.M.A.L.Y. ont
respectivement réalisé deux troncons expéri­
mentaux (A et B) de galerie de métro de 50 m
chacun, et une enceinte étanche (C) de 1000 m
de longueur isolant plus de 50 000 m2 de ter­
rain. La réalisation de ces ouvrages a fait
appel aux Parois Moulées Classiques, Mixtes
et d'Etanchéité, ainsi qu'aux Parois Préfabrr
quées. Ce site est composé d'une couverture
d'alluvions de grande perméabilité (1 ­
0,1 cm/s) et de granulométrie tres variée mee
des zbnes de graviers crus (tableau I) del5|n
d'épaisseur, reposant sur un substratum mohm­
sique de perméabilité plus faible (0,001 cm/Q;
le niveau de la nappe phréatique est au maxi­mum a l 50 m sous le toit de ces alluvions.I

Les techniques d‘exécution des par0is'sont lessuivantes : `
- Paroi Moulée classique : chantier A (100 m
linéaires)

Excavation sous boue bentonitique et béton­
nage de 1'ensemb1e de la tranchée.

- Paroi Moulée Mixte : chantier: B et C (500mlinéaires). `
Elle est résistante en téte etsimplement é­
tanche en pied. Excavation sous coulis argi­
le-ciment jusqu'au substratum ; remplacement
du coulis par une boue bentonitique en téte
et bétonnage ; remplacement fait soit par
pompage du coulis frais, soit par reperfora­tion du coulis durci.

- Paroi Préfabriquée : chantier B (70 m liné­
aires).

Excavation sous coulis argile-ciment, etdes­
cente de panneaux préfabriqués scellés par
le coulis aprés prise.

- Paroi d'Etanchéité : chantier C (550 m liné­
aires).

Excavation sous coulis argile-ciment qui,
apres prise, réalise une paroi étanche.

L‘excavation des tranchées est réalisée par
des bennes soit a cables, soit guidées par
KELLY.

OBSERVATIONS SUR L'EXCAVATION DES TRANCHEES
- Consommation de boue et de coulis tableau ID

. Les consommations corrigées (B et C) sont
obtenues en retranchant de la consommation
totale le volume du coulis qui forme la
paroi étanche (calculé a partir d'une su­
répaisseur "réelle" estimée)( I I I )( I deo I d3o I d10 )

2 I mm I mm I mm ;4| I I
( Echantillon type I 18 5 5 E 0,2 )( I I I )
( 'Echantillon gnmndeu i 30 E 15 I 5 )( I I I )

Tableau I

( Consommatiom )
( Chantier Composition totale corriqée)
éEmB A Bentonite O 9 O 9 ;. B C =‘ O M635 1,15 015 ’
{C°“lls c c/E = 0,13 1:25 0,6 ;

Tableau II
. Les chantiers A et B étant identiques, on

observe une consommation plus faible de
coulis que de boue, bien que pour B l'ex­
cavation ait été plus profonde, que la
boue soit plus visqueuse et moins dense
que le coulis, et que la surhauteur de
boue par rapport a la nappe soit plus é­
levée pour B que pour A.

..La consommation de coulis augmente lors­
que C/E diminue (B et C);cette différen­
ce peut aussi provenir du fait que pour
C, la paroi est isolée.

- Surconsommation de Béton. On note qu'e11e
est plus faible pour B (20 76) que pcnrA(3O%).

- L'aspect des parois est meilleur lorsque la
paroi est exécutée dans une tranchée reper­forée dans du coulis. '

CARACTERISTIQUES DU COULIS EMPLOYE SUR LE
CHANTIER B
Composition théorique : 230 kg ciment CLK,40kg
bentonite, 3,4 kg lignosulfite, 920 1 d'eau.
Les échantillons ont été prélevés danslatnuv
chée en fin d'excavntion a 12 m'de profondeur
et testés au laboratoire aprés 6 mois de con­
servation (tableau III).( V Y V RC oedo- K )
( d/vw w % ba,¢h},’é.f.f-=§1:qu¢ m/8 )
gmoyenne 0,48 170 a 7 600 19-T;0 64 115 4 3 0 10-7
f°""”é“‘es 0:30 230 1B 12 1000 5.10-U;

Tableau III
Les caractéristiques de résistance et de com­
pressibilité sont suffisantes pour souteniret
sceller les panneaux préfabriqués. Aucun tas­
sement de ceux-ci n'a été observé aprés leur
débridage. On notera cependant une tres forte
dispersion des caractéristiques mécaniques du
coulis qui semble trés sensible aux impréci­
sions de dosage. Sa tres faible perméabilité
lui permet de remplir pleinement son rble d'é­
cran étanche.
POMPAGES (chantier C)
La mise hors d'eau de 1'enceinte "étanche"l3a
été réalisée a_l'aide de 7 puits filtrants.Le
substratum molassique présente des perméabili­
tés horizontales et verticales comprises res­
pectivement entre 0,005 et 0,05 cm/s d'une;mrt,
0,001 et 0,0I cm/s d'autre part. Des simula­
tions des pompages faites sur modele analogi­
que a réseaux de résistances ont permis d'esdr
mer des débits de 1000 a 1200|mVh pour 7.5m de
rabattement. Sur le chantier ont été efectuées
des mesures de piézométrie, et de débit (par
déversoirs). Comme prévu, la nappe a 1'intédar
de l'enceinte est presque horizontale et le
débit réel est de 1000 m3/h, pour 7,5 m de ra­
battement. L'étude des fluctuations de la nap­
pe et du débit a permis d‘estimer la porosité
efficace A 0,12 environ (pour une porosité
géométrique de 0.2).



DEEP COMTACTION OF_SOILS WITH THE AIM OFMHHW
The construction of buildings or\slumping
soils of large thickness is connected with
great difficulties due to uneven settle­
ments of buildings which occur with the
flooding of soils upto I500 mm and more.
A great of work is required to compact
these soils upto their whole thickness.
Preliminary flooding (Fig.I,a) is the most
effective method aimed to compact slumping
soils of large thickness. However, the useof this pro sing method is hampered, and
sometimes even impossible in built-up areas,
and the process of self-compaction of the
deep earth layer is inferior.as a conse­
quence of additional settlements under ad­
ditional loads caused by erected buildings.
The proposed method (developed by the
author) of accelerated deep compaction by
preliminary flooding and directed explo­
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Fi .I. The character of deformations of
soil at deep compaction of subsiding soilswith usual methods and a dia am of a
quick deep compaction of subsidiggs soils
by method recommended by the author, b.A ­
The compacted section, B - Uncompacted soil,
P - Subsiding soil in the unsubmerged zone,
Po - Subsiding soil in the submerged zone,
D - Circumferencial grooves, C - Infiltra­
tion bores, C,- Bores for charges, K - Char­
ges of explosives, V - Water, M - Boundary
of the zone of submerged soil, T - Craks in
soil, N - Unsubsiding soil.

I)Patent No.I83I3I was issued to the name
of I.M.Litv1nov. USSR, Kiev.

sionsr) makes possible compaction in a
shorter time and,moreover, only in areas
stimulated by the project, and also an ap­
preciable decrease of the damaging effect
of flooding on surrounding slumping soils
with the buildings erected on them; this
method makes it also possible to accelera­
te the process of self-compaction achiev­
ing higher degrees of compaction than inthe or inary method.
This is achieved in the following manner.
In place of the numerous terrace-like over­
falls which are formed in the ordinary me­
thod of flooding we make beforehand around
the contour of the flooded area, so to
speak, settlement Joints in the form of
narrow vertical trenches, 0.2 to 0.4 m wi­
de and 4 to 6 m deep, which eliminate the
binding forces between the upper zones ofthe soils in the flooded and unflooded
sections.
To accelerate the compaction_process and
increase the degree of density after flood­
ing of the soil to a water content exceed­
ing the liquid limit, deep explosions arese off in the soil. These explosions,
having prononced dynamic effects on the
soils brought to an unstable state, and
still having slumping properties, but now
weakened by water (to liquid consistency)
cause its intense compaction (from shak­
ing) this is accompanied by a marked dropof the surface with an almost instantaneo­
us diminishing process of compaction of
the soaked soil mass to any prescribed den­
sity. In this case underground expansions
are not formed at the explosion locations
(Fig.I,b).

In I964-I965 experimental investigationswere carried out quite successful y which
proved that the proposed method was themost effective and relable. In I967 this
method was used under full-scale conditi­
ons, according to the author's design and
under his supervision, for the constructi­
on of a large panel (I2O apartments) build­
ing in Severnaya No.I in the city of Zapo­
rozhye. This building was erected on slump­
ing loess soils at the depth to 20 m.
Though the compacted section was in the
Centre of the built-up area, rather success
ful results were achieved. Thus, for in­
stance, it took us little expenses to com­
pact during a month about 45 thousand cubic
metres of slumping loeassoils. This work '
having been completed, a large panel build­
ing was built during three months without
any special structural measures which are
usually taken under similar conditions. Inthis case more than 30 tons of steel and
about I05 thousand roubles were saved.

During the period of explosions we carried
out investigations concerning seismic in­fluence of e losions (different in size
and character) on the compacted soils and



surrounding buildings in order to determine
optimal weights of chsrges,the possibility
of a number of explosions with millisecond
delays,the time between the explosion of
separate charges, and also to' develop the
diagrams of blasting and to determine safe
distances from the locations of explosions
to the buildings.
The area to be compacted was devided into
3 sections. After the completion of the
flooding process at the first section, all
the inventory units were brought onto ano­
ther section. The flooding process lasted
for 5 to 6.5 days at each section. The wa­
ter was delivered through the inventory
units from pipelines, 50 mm :Ln diameter,
with flexible Joints and values over each
of the drain wells.
The inventory units of the discharge pipe­
line were connected to the delivery pipe­line with flexible hoses to evaluate the ef­
fect of the following sharp soil settlement
during the process of explosions.
The blasting holes were located so that the
distance beween than was equal to 4.5 m,
and only at the butts of the building this
distance was reduced to 3 m. The weight ofthe charges ranged mainly from 5 to kg.
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Fig.-2. Heavy subsiding of the ground surfa­ce of the compacted area near he circum­
ferencial groove.

The control over the real degree of compac­
tion was performed with the help of obser­
vations over the surface settlements which
characterized the corresponding reduced
porosity, and consequently, the density of
the compacted soil stratum.

The process of compaction at the first sec­
tion lasted 8 days, flooding took 6.3 days,
explosions '-» 0.4 and non-productive breaks

During this time, the soil SUI*" IQ3 days.face at he section became I.O00 mm lower
which was two times more than predicted bythe data of investigations and expected
by the design; on the completion of all the
Jobs during a month, the average settle­
ment reached 267 mm and the maximum one ­

- I.440 mm, the water d.ischarge'bein€ equalto 6.66 cubic metres per'I sq.m. of he com­pacted area (F:|.g.2-3).

The diagrams of maximum soil settlements
using deep compaction are shown in Fig.4.
Because in the immediate proximity of the
experimental ground the construction of a
5 storey building No.6 from large size pa­
nel has being finished, special attention
web given to the problem not to 'submerie
the unccmggcted subsiding layer of soI7-I8 m t ck. Between the faces of both
houses a I7 m deep and 20, m long sealing
wall was made of double row of clsq piles,staggered I.25 m apart. '
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F:|.g.3. The ground of the compacted lot of
the house M from the side of the adjacent
house K. B - The sealing wall of compacted
soil; A. -A¢ -A2 -A3 -Ah - points of the
ground before compaction; Y - 500 mm ex­
pected and calculated lowering of the ground
surface after submerging to data ained by
preliminary laboratory investigations in
accordance with standards; C4 -C2 -C3 -Cl, ­
points on the ground after the compaction;
Y - actual values of gllound subsiding after
the compaction.

I)We egected the possible soil settlementat t s section (under the weight of the
soil) to be equal to 45-50 cm.



The _same kind of wall was erected in the
length of 50 m at the northeastern corner.
The eastern side was protected in the
length of 25 m 1nto the depth of 6 m by a
screen of a polyethylene f:l.lm. This arran­
gement fully justified itself - the moistu­
re from the submerged lot did not penetrate
towards the neighbouring house No.6, what
was confirmed by test borings. The deep com­
paction of the soil has in the main taken
place only within the prescribed circumfe­
renee.

1Zn_I965, approximately a year after the
experimental compaction tests by the :Indi­
cated method., supplementary studies by
NIIBK at Zaporozhie were made on the physi­
co-mechanical and settling properties of
loess so:L'|. at the same experimental plot.
The soil of the plot and of the surrounding
vicinity was investigated to a depth of
20 m. The studies were made to discover the
nature of the subsequent changes 1n the
different physico-mechanical properties of
the compacted layer of ao1.1 and :Ln the dis­tribution of moisture content of both the
wetted zone and of the nearby soil. It was
also hoped that the degree of homogeneity
of the compaction process could be deter­
mined for the different depths( 0 to 20 m).
(me results or measuring the slumping o­
perties of so:L1 on compacted (pit No.I§r
and the surrounding uncompacted soil, whenusing the indioate method, as measured at
depths from 0 to 20 m. The relative slump
indins were determined for each site ( at
I-n intervals for the entire depth _of 50-mholes) at pressures of I,2,a.nd 3 ,kg/gm, for

X MJ962 X1|.\952 \.|965 ||.l963 l||.l963 |V.|9B3
Vll.\ Vll.\95`l \X.l96`l x_\957 Xl.l96`l XIH967

lm­3n0 B -ww­! m
500-r"--**'-- 5023?700 '*  if j'JUU iH00 '\3U|J l_'_|`I'C ll# Umm

|500|700 s e
F1g.4. The maximum subsiding of the ground
surface after the deep compaction: A - As­
sumed according to data of the laboratory
investigation 500 mm; B - Actual after com­
paction with the usual method; C - Actual
ii'28°%1%&.¥1i‘s §5&a.§e°sma's%si¢€*¢*h°“

several control samples at each pressure.

The results of these investigations showthe high quality of compacts soil. for the
entire depth of 20-m holes.
The recommended accelerated method of deep
compaction is rather economic ( it costs
some' 40-50 copecks per I cubic metre of
the compacted soil), not labou1~consum1ng,
fast and undoubtedly safe this method
makes it possible tc construct any impor­
tant buildings and structures on slumpingloess soils of goat thickness.
As can be seen from the experience of the
application under real conditions on con­
struction sites 1n Zaporozhie, Kherson
and especially in Grozny, this method ma­
kes 1t possible to consolidate in a very
short time (about 3-4 days) the slumpigg
so:L`|. layer on the areas of I000-2000 m 3(the vo ume ranges from IOOOO to 40000 m )
upto .a considerable value equalligg I0¢ ofthe total depth; as a result of t s, pos­
sible following settlements of erected
structures are reduced to minimum.
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AL S TIG! OF S OILS GRO. Gola AP
Recently. stabilisation of sandy soils by chemical

groutlng has been performed more and more in Japan.
M1 me side, the mechanism of this method is studied
basically, and on the other hand, several ldnds of
chemicals are produced and used adequately in thefield.

The most important thing in grouting methods is
the uniform penetration of pressured-injected
chemicals througlrpores between soil particles, and
so only sandy soils which have larger coefficient ofpermeability than 10°- 1O`1om/sec can be injected
successfully. But, when acrylamide and urea resin
are grouted in tightly compacted tuffacsous sands,
the adsorption cf activator and catalyst happens as
they penetrate, and the strengthening effect is not
seen at some parts away from the injection pipe.

he penetration of chemicals depends not only on
their viscosity. but also on the affinity between
chemicals and soil particles, 1.0. the Mdration type
urethane resin which is quite a new stuff of grcut
and expands into bubbles when it gels with water,
show good penetratibity as the chemicals of 1/5 vis­
cosity. Getting a hint from this phenomena, we are
new injecting comon ohelicals with foaming agents
and attaining good results.

Cemnmon chelioals for grcuting used in Japan are
sodium silicates, uria resins. chrome lignins and
acrylamides. The above mentioned urethane resin is
the special grout, having high strengthening ability
as 50 kgf/om* and has two kinds, 1.e. water soluble
and water insoluble.

To use these grouts adequately in the field, the
examination of chemicals must always be done in
advance with consideration of the relation betwem
Uno grout and the soil, and I suggested four kinds of
in-door standard expertmente concerning chemical
grcuts, 1.o. 1) the loose IIDG injection test, in
which abilities of strengthening, impermeabilisatlon
and incompressibility are generally made clear, 2)
the dense sand injection test, in which the penetra­
tibity and dissappointing posibilities of adsorption
are exaained, 3) the water flowing sand injection
test, in which the strengthening and impermeabili­
sation ability in water flowing sands
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UI ¥l‘\°Vl\» and H) the dense sand of drilling drilling of lateral and drawingpercolating test, in which contents of jetung up gf Jag- 1the chemical adsorbed by soil are made ,1 unclear. In Fig. 1 and 2, we can see the ng /|
general properties of chemicals usedin Japan, which have been made clear by //' /1 .11 _the loose sand injection tests. /' i f é  » _ AFinally, I`wish to touch on a new _ | ­
technique of soil stabilisation, in I III! Il I|'|.,} l|=.|which the in-situ soils are churned I' _~ _ _ _ C- H Q1 H | _and m:L;_Led by ultra high pressure jet- \ e _ ig;-_ -' |ting o out, and then solidified I : C  : ¢ ; I 5 E 2( Fig. 3E As we are developing cone mt" huh _ D'nn‘”5  ; I ' -1 §cheap chemicals with cement, which are |*"“" ’ °‘°M”' ; ' ' , ;
especially suitable for me method, we P"1'° l""'P ' ; I 1 ‘can now stabilise cohesive soils by 1 I € § ithis hydrauric, mechanical and chemical ; It 5:15processes. 1 5 f EnErEns11cs1 sf; E EEHIKI, G.(19?]),'°Chelica1 soil stabili- __:ation recently developed in Japan", _ - '- ‘ `
°sm1s1m-xn1xru', Monthly Jamal et Ph" -1_2 :jg ’Institute of Industrial Science,
University of Tolqo, Vol.25, No.8 Fig.) Stages of the soil stabilisation by the

jetting of the chemical grout with cnent395 '



CONTEOL, QF GLQUND WATE11 BY 'mm
DLA-PHRAGM VIALLS, Dinesh Mohan, A. G.
Dastidar. G. S. Jain and R. L. Makol (India)

The process consists of making a narrow (BO to
200 mm) trench in the ground, inserting an imper­
meable membrane where needed and grouting the
trench for the control of ground water, Simple tools
and techniques have been evolved for constructing
thin diaphragm walls upto a depth of IZ meters.
With minor modifications it seems possible to godeeper. '
The narrow trench is excavated by making a series
of overlapping bore holes by jetting bentonite slurry
through a long jetting pipe. A suitable cutter is
attached at the tip of the pipe. A simple rig and
suitable slurry pumps can be used for this purpose
as shown in Fig. l, The trench can be extended in
depth in stages of about 6 meters. Where necessary
the cuttings can be removed by suction simultaneously
with cutting. The trench is made in lengths of about
1 meter at a time. Other trenchlng tools such as `
narrow spade, scissors have also been tried but the
jetting combined with suction has proved to be betterfor deep strata of sils and sands. '
After the trench is cut, a thin impermeable mem­
brane in the form of metallic, plastic or pvc sheet
is inserted. Corrugated G. L sheet panel has been
found economical, This can be inserted with a
simple rig (Fig. 1). If a plastic sheet is used it is
mounted on a fabric to facilitate lowering into the
trench. Suitable joints in the panels have been
developed to ensure continuity and impermeability.
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Fig. 1, Slurry pumps and rigs.

After inserting and jointing the impermeable sheet
panels, the trench on both sides ofthe membrane
is back-filled by a clay cement grout. This can
be done with a funnel and a rectangular pipe
arrangement (Fig. 2), The bentonite slurry in
the trench gets replaced by the grout.

Fig. Z. Grouting funnel and rectangular pipe.

Field experiments conducted at the Central Building
Research Institute have shown encouraging results
and it is possible to efie ctively use this process
for the cont;-n`| nf grmmrl water in embankments
and excavations. Its cost is substantially less than
other methods of ground water control.

The thin diaphragm wall acts only as impermeable
barrier to the flow of water and not' as a structural
member. However, by using reinforcement and
cement concrete as grout, these walls can also be
used as structural members.



TUO "SIUBBI TREIICH' CUT-OIT WLLIS IATDE OI'

IIOCEIB C LAYS. Ant oni l. Piaskowski/ Poland/

In October 1970 two out-off walls have been
oompleted»in the subscil under earth dams/ma and auxiliary/ of retaining lake on
Hysa river, near the town of Nysa. Of teehp
nical interest was in this case the applica­
tion of local miooene clays both as a mate­
rial for out-offs and for the slurry. Follo­
wing advantages were gained thereby 2a/ Possibility to dee gn out-off walls of 1,0
- 1 h m th1ckness,wch1ch allowed the exca­vation of trenches.

b/ 5 to 6-fold reduction of costs in compari­son with concrete out-off walls' the cost
per square meter w s less than the price ofl ton of cement.

Excavation of trenches wider than in the ca­
se of concrete cut-off walls was particularly
advantageous because of the presence of largeboulders in the subsoil. _
Allowing for the alterations introduced inthe des gn, the principal dinensicns of bothout-offs were as follows :
dimensions main dan auxiliary dan
of cut-offs
length, m3 5 190 2 050volume, m 2 95 980 18 5h0side ares, m 71 100 18 5100average height,m 13,11 9,0mmul ' ,H
Clamshell excavators of 1,2 m3 clamshell ca.­
pacity were used for excavations of trenches.
Efficiency of excavation was lower at greather
depths' at excavation depth of ll m it was
equal to 12,5 ou.m. per hour.
In the subsoil under the top layer of cohe­
sive soils, a layer of gravels was found cc­
vering miocene clays. A ons some 40 per centof the length of the main am a layer of sil­
ty soils was encountered between the gravel
and niocene claye. In case of clays the cut­
off depth below the top level of clay layer
was 1,5 m and in the case of silty soils ­
A 0 a. While establishing the thickness of
the out-offs a average hydraulic gradient
4, 8,0 were assumed.

Densending on ground-water and soil conditionsa depth of trenches e. slurry cf s e:l.§1cgravity varying from i,1a to 1 18 no/dam
was used, containing 2 5 to 14,0 per cent of
Na2G0 in relation to the dry weight of clayin the' slurry.
The stability of the slurry was generally
good, since the difference in specific gra­
vities for a level difference of 1 m, and
for a sedimentation jime of 21; hours amoun­ted to 0,0016 1:0/dem on the average. It was
established that the structural shear strength
of the slurry at the time e ual to 2 min.sho­uld not be less than 0,08 G/cm in the soilconditions encountered.
Clay /content of d Q 0,002 ma particles ;50%/
was filled and conpaeted in trenches by clem­

shell excavators. Cc;-ni un.,/ about 15 to 20 %/ remagnggouigttlif ‘:1]:en ­
ches mezi was gradually absorbed by clay
lumps ire the process of moisture equalisa­
1210110

The cwe lling eapacit f 1 ,,,_~1-_Y“H “U =‘*=“*i°1 - 8°:°gl1;Is;o%n1;:er than100 ‘lv o:¢ the initial voluae.
32: C1053-1`UJ' of clay fill inside out-offsecxrtrolled by eoundings and b taki
=°\=P1°' °1= 33 b°1'° holes. Settlemznt or”
101; fir:-points were also measured.
The measurement of water-tightgggg gf -gh,
out-offs is being carried out by cbggrvg _
tions oi w-arer levels in piescmeters 3 of'
'huh 'Y‘T° Placed at each of the several
grcaszgtigns of the dam. Observations na­e e o show com lete
of the out-offs desc1l31bed.imp°m°abi11t,



IES COULIS DE TAMPONNAGE DES VOILES DETANCHE­
ITE DU BARRAGE D'ASSOUAN. B.A.Rgianitz:Ln»

La technique de nos jours dans le domaine
de la/:onstruction hygdraulique se heurte i
1a necessitg de la realisation des voiles
d'6tanch6ite dans les sables. Dans ces gas,il est indispensable d'assurer 1'etancheite
aux terrains ayant le coefficient de filtra­
tion de 5 a 10 m/jour, goit les sables peuperméables, qui i1'n';y pas long temps,
n'e:d.gaient pas le tamponnage.

Ce pourquoi ce dernier temps on a prete'
1'attention particuliere aux examens des
coulis de tamponnage.

Dans l'Institut des Recherches scientifi­
ques des fondatione on a élabore les c,ouliepour la consolidation dee sols caracterises
par 1,e tableau I. oh en horizontale sontdonnees les nominations des sole et leur
coefficients de filtration.

Table au I.
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, ‘l‘,roie typres de coulis de ce,tab1eau out
ete utilises eg cours de la realisation du vo­
voile d'etancheite' du Grand barrage d.'Assouan:
ciment-argile,argile-silicate et alumosilics­ue. ,
` La composition de ceq coulis a efte elaboreea l'Inst:l.tut et precisee au cours des trava­
uz, au chantier.

Les coulis ciment-argile et argile-silicate
ont ate prepare ,avec de l'argile local d'As­§ouan.Pou.r l'ame1iorer lee qualites du coulis
a la base de 1'argile,o'est L dire pour aug­menter la dispersite et stabilite' du cculie
on a .i.ntro§uit ,en qualite de diepergalpurohimique h xametaphoephate en quantite de0,5 a 0,5% du poids d'argi1e.

A la base de ce coulis on a prepare des
coulis de tamponnege avec 1'addition du ci­ment ou du coulis de silicate de soude

5Pour eonfectionner lm du coulis ciment-ar­
gile, on introduit dans le coulis premaire'environ 110 kg du ciment.

e co i - e-s lic te a la base de
1'argi1e Assouan la ccmposition suivagtexau coulis-presnaire de densite de 1,4 5/cm
on ajoute le coulis de silicate de soude
( y=1 58 gécm5) en raison de 7% du poids del'argile s om. Ce coulis s'injecte bien etdans certain temps recoit la stabilite
structu.ra1e»

Le coulis a 1a base de la bentonite etogisificate est confeoflond avec He la bent ­
te d'Importat:I>on. Au coulis avec cette argi­le on a ajoute le coulis silicate de eoude
(i =l,58 5/om5) en raison de 0 5 a 1,076 aupo ds de l‘arg:|.1e seche pour lui donner dela stabilité structurale.

Le coulis,a1umo-si1icate,emp1oye compe
coulis de definition de petite deneite,estconfectionne’a la base de silicate de soude
( J =1 19 5/cm5) avec 1'aa<111=1on dialuminatede eoude ( J =1,05 g/om5) dans,les volumes
correspondant au temps de Ja gelifi caticn
dans les limites de 50 a ll-O min.

des coulis ci-dessus
les cargcteristiquessont donn e au tableau II. Tablem II

Couils :Densi'?Den:c6ne d"'fT§sist-:RJ§|‘.st­: g/cm :affaie-'ance 6 :ance au.; :sement,:la comp cisail­_ : om _ ressi-:lament° - 'on 2: ‘ _ ' 2 x 3/cms : 'kg/cm :
Ciment- 1,24-1,28 21-26 0,5-1,1 ­
argile
Argile- 1 , 55-1 , 58 25-50 - 8-16silicate
Bentonite- 1,1D-1,12 25-50 ‘- I-I-5silicate
Alumo- 1 , 15-1 , 15 2-5 - ­silicate

Les coulis indiqudés ont permis de donnerl'imperméabi1ite _n ceseairze aux alluvionsdans le voile d'etanchéite.



COULIS U IXDTROPE A LA BASE D'ARGILE POUR
EES PAROIS COULES DLNS LE SOL.v.E.Soko1ov1toh
E.L.Afdgeyanidz6 (USSR)w
La realisation d'un ouvrage d'étancheite par
la méthode "parois coulés dans le sol" condu­
it A prévoir l'exavation de,fqullles A l'ab­ri du eoulis A 1'argi1e (prefers A la base
de la bentonite) ainsi que son remplissage
par les matériaux imperméables.
Les auteure ont élabore le coulis thixotrope
A l'argi1e,permettant l'utiliser lore de ljex­
avation en y le laissant eu qualité du mate­
riau impermeable. Cela permettra de reali­

ser, dans certains cas, les murs imperméables
dans le sol en une passe.
Le coulis thixotrope A 1'argile propose a été
préparé A la base de n'importe quelle argile
locale,non-bentonitique, avec l'ad3onction de
NaF en quantité de 0,1 A l,0% et de silicate
de soude (Na20.n.S10 ) de 0,5 a 5% (poids
spicifique de l,5§ 5/om5 au poids de l'ar­g e.
Il est A noter qdon peut utiliser dans ces
cas les argiles A gypse.
Le coulis est oaracterisé par une haute plas­
ticité (l'affaissement du c6ne est égal A 50
cm), par une haute stabilité, par les valeursminlms des pertes d'eau et de formation de
croute d'argi1e, ainsi que par le degagement
d'eau pratiquement nul. Tout cela permet d'u­
tiliser ce coulis comme coulis de lavage.
D'autre c6té, le coulis est caracterisé par
une haute densité, jusqu'A 1,6-1,7 g/om;
(tout en conservant une haute plasticite).
Ce coulis forms un.gel résistant~A la résis­
tance limite au cisaillement sur unezplaqueondulée standsrdisée jusqu'A 25 g/cm .
Une haute densité augments les qualites ducoulis et du gel derive.
Les qualitée indiquées donnent la possibilite
d'utiliser ce gel comme le materiau impermeab­
le de l'ouvrage.
La qualité importante de ce type du coulis
est la présence des hautes propriétés thixo­
tropes. Le coulis en repos, devient épais,
en formant un gel toutefois agree le mélan­
geage il obtient la plasticit initials. Avece mélanzeage co tinu la olaeticité du coulie
ne dimlnue pas.éuand ou finit le mélangeage,­
le coulis deviant 6pais,et avec oela la vite­
sse de durcissement et la resistance du gel
corresnondent aux oarametxées 6~l.n1til.%IésLa vitesee de durcissemen d pen la quan­tité~du silicate de soude au coulis A la tene­
ur optimale de NaF égale pour les argilee
essayées A 0,5-O,5%.

Avec augmenyati n de quantitéidu silicate desoude de 1 a 5% le temps de gelification a ­
mente de 0,5-1,0 h A 5 h. La resistance limi­
te au cisailéement augments aussi de 4-5g/cm2A_20-25 g/cm . Ainsi le temps de gélification
it ga resistance des gels peut Stre regula­B e

Les propriétés thiiotropes du ooulis se con­
servent pendant une longue période, ce qui
permet de réaliser les parois imperméables
aux intervalles et aussi s'1mp1ifie leur ap­
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pofondissement, élargissensnt et reparation
aprés l'exécution.

Les mécanismes de la thixotropie se presen­
tent, A l'aris des auteurs, per le schema
euivant: A la surface des particules argile­
uses se concentrent des groupee hydroxiles,liés avec les atomss du silicium ou d'alu­
minium. Avec l'1ntroduction du Na? au coulis
A l'argile se fait la substitution d'ion
d'hydro ile au groupe silicie Si-OH par un
ion nu fluor. I

'§i"OH+NaF -*-c\-51 - F + NaOH
Ce type de substitution est conditionné par
une conformité immediate des caraoteristiquee
chimio-cristallines du fluor et d'hydroxile.
M.Laynous Poling en dit que des tous les
elements, le fluor forme les liaisons d'hyd­
rogéne les plus stables. Bien que la liaison
d'hydrogéne est moins faible que la liaisonchimique, elle est reversible et se retablit
apres le mélangeage mécanique.
Ce nouveau type de coulis assure l‘avantagepour les injections des voiles d'étanchéitédans les alluvions:
a) NaF étant un dispergateur effectif,permet
d'assurer une haute dispersion des partioulls
ce qu'influe positivement A la capaoité d'ab­sorbtion du coulie.
b) La haute densité permet d'1ntroduire les
grandes quantités du matériau de remplissage
au corps du voile.
c) Iss propriétés thixntropes.du coulis (au
malaxage continu) réduisent au minimum les
pertee A la preparation et A la transporta­
tion du coulis par suite de son épaississe­men.



CONSOLIDATION DE SOIS PAR LES METHODES
CHIMIQUES. ¥.E.Sokolovltch.
En Union Sovietique on a elaboré un complexe
des solutions apportées au problem de laconsolidation et l'etanchement des terrains
mous pour assurer la stabilite aux cuvrages.
Prati uanent on utilise le plus souvent le
procégfé de l'injection de loess avec le sili­
cate. Ce methods consists en l'inject:l,on de
coulis du silicage de soude de densite del,L5 a 1,15 g/cm .
L'1mportance grave de ce procedé c'est la
conso,lidation instantanee et l'augmentationde resistance assez vite.
'Le terrain traits dev-lent nyarofugaétanone
et sons tassgment. Dans les conditions d'unmaaslf traits la resistance des terrains ai
com resséon simple peut atteindre plus de20 B5/cm e
La tschnologie du traitement 5. silicate estsimple, la mise eu oeuvre du procedé n'est
pas difficils et se fait avec de materielassez simple. ­
Ia reaction principals de silicatisaticn des
loess ports un caracters phisio_chimique et
se fait a'la surface du complexe absorbent
c oll oidalc
xn'ca+na2o.ns1o2.xH2o.1;1¢ 2Na+Ca(OH)2.nSiO2

(1-1)n2o
Lora de la reaction du coules aloalin de si­
licate do soude avec loess se fait la refchan­ge instantanee entre un cation de sodium du
cou].1.s et un cation de calcium des loess.
Dans lee conditions de forte reaction alcali­
ne la capacite de l'absorbtion des loess a ­
mgmte a 2-5 fois. Le cation de calcium eligi­no dans le milieu alcalin du coulis a silica­
te de soude forms une phase dura insoluble
Ca(OH)¢ a la surface tres develeoppee de laqu­elle 1 acids silici ue s'adsorbe cq . Eh onséq­
uence de ce pnenomene se forms un microccuohe
des agents ds cimentation,consolidat dessole loessiens.
Fmoqnsequence de deccmposition du gypse dis­
prese et ds carbonatee de calcium par l"al­
calin, la quantité moindre d'hydrate de 1'oxi­
de de calcium se forms dans les loess avecletr silicatisation.
L'eff1cac1te du traitement des loess par le
silicate s'expl:Lque eu general par la gran­
deur de leur absorbtion ep Ih du coulis et
¢°1'I‘°BP0Dd E1 15-25 mg d'equ'l,valent par 100 gdu terrain. Pour la oapacits d'absorbtion mo­
:Lns de lO mg d'6quivalent par 100 g du terrain
la resistance est moins ds 10 kg/om2.
D'envimn d.e 50 a 50% <1u_cou_lis a. la base dusilicate de souds injects dans le terrain se
duroissent lors de la silicatisation des lo­ess par leur composes actifs, ­
f KK-complexe absorbant colloidal du terrain

Le coulis de silicate non-durci ss repartit
a la proximite' immediate de l":Lnjecteur,
dans la zone du terrain traits par les por- _tions du réactif précedentes. Vers la periphe­
rie du massif traite passe ,le coulis moinsconcentré, partiellement reagi avec des loess.
Ing.B.E.Sqko1ovitch et B.A.Goubk_‘Ln (1970)ont trouve la solution pour intensifier le
pmcessus de la silicatisaiion des loess par
le dureissement ccmplet du coulis A la base
de silicate au moyen de silicatisation gazeu­
B00
L'essence de cette methods consists en caque dans les loess a traitor cn injects le coul
coulis de silicate de scude,su:l.vi de 1'injec­
tion de gaz carbonique a faible pression
(de 0 5 a 2,0 atm). en ixalite de 2, a 5 kgpar mg du terrain trait
A l'aids du az carbonique s'éffectue ls pas­
sage du ooul:§s non-durci depuis La zonslpre­
injectable jusqufa le terrain non traits.
En consequence ls volume ,du terrain traits
est double a des quantites du coulis usielles.
Dan ce oas_on obtient la liaison chimique
du coulis a la base de silicate qui n'est pas
reagi avec des loess,ce que donnef 1'augme1ta­
tion de resistance a 1,5-2 foie.
pu meme coup le terrain traité deviant ggusetanohe ce qui assure l'a1gr9entationlongevité des loess silicatises.

_ lIn§.B.A.Rgiantizin B.E.Sokolov;itch etA.I.Ha ikoulov (en l97§) on realise des re­
cherches sur la silicatisation des loess in­
suffisamment actifs de l'Asie l|oyenne,,eins:|.que la silicatisation des loess sature d'eau.
La silicatisation dans ces cas s'effectue
au moyen do l'activa.tion prealabls des loesspar leur traitement avec des petite quentites
de gaz carbonique. L'aotivation des loess
:Lnsuffisanment actifs par le traitement
prealabls avec le gaz carbonique se fait enresultnt de la formation du bicarbonate de
calcium A la surface dee particuls oalcaires
qui est l'agent de dureissement du coulis de
silicate de soude, et aussi qu'en resultat d'
abaiesomcnt du pH de 1'eau pelliculaire et
interstitlelle, contribuant au dureissementdu coulis a silic ate.
L'activat:Lon prealabls des los ss humides er- E

>met de réaliser leur traitement chimiqus §1'aide de la silicatisation. Dans ces condi­
tions on constate l'absorbtion effective du
coulis a silicate grace a auto-vidange,sur­
gissant en consequence de l'absorbtion active_u gaz oarbonique par le coulis alc ];Ln.Cela
a permis de realiser pour la premiere foisla silicatisaticn des loess tres humides et
satures.
La consolidation _des loess-peut-on am si atte­
ndre avec Pimpregnation des terrains par lescoulis polymer ques. ' _
Comme nous montre l'e:¢perience dans' certains
cas,il n'est pas necessaire d' avoir la conso­
lidation complete des loess.
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La stabilite suffisante des :Eondations peutétre assures si le terrain impregne spree le
traitement cf\im.1.que reccit les qualités-do
non-tassemsnt.
A l'aide des precedes du traitement chimiqus
des loess on a érigé au moment actual d'en­
vééron 10 ouvrages fondations sn loess trai­Bs

Les calcules moutrent que ls prix des fcndati­ons en loess traite,est infer sur de 20 a 25%
des fcndations en baton armé ou en pieux. Lesmethcdes slaboréss pour la consolidation
chlmique des sols peivent trouver ,une vaste
application dans les travaux de realisation
des voiles d'stancheite dans les regions im­
pegnees d'eau.
Ce dernier temps on a realise des recherches
de nouvelles methodes plus econcmiques et
efficaoes ds consolidation chimique des sab­
les mous calcaire et des teprains rembleqes
contenant eu grand quantite des matisres orga­
niques qu.1. se sont formes dans les zones des
dscharges urhainos.
Dans ce but on a élabors' une méthoae ae`ai11­catisatlon des sols par un seul coulis a labase ds silicate de soude avec 1'addition
ds l'acide fluosilicique (H2SiF6).
I»'ac_ide fluosilicique est un prodduit interme­diéire des usines de superphosphats. Il ap­
partient au groupe des acides complex forts.
La nsutralisation du milieu alcalin du coulis
de silicate de ,scude par l'acide fluosiliciqus
passe en deux sta es, accocmpagnee de la form­
tion de la soude gluosiliciqus (Na2SiF5)de
haut_e dispsrsite, en_qual1.te d'un produit int­
ermediaire, qui se decompose en NaF et en
acids orthosilicique.

1. 2NaOH+H2SiF6u Na2SiF5+2H29
2. 4NaOH+Na2S1.F6= 6NaF+Si(0H)4

La deuxieme reacti9n_ porte,un caractere rale­
nli ce qui s3t_ lie a la decomposition lentedans le'milisu alcalin du cou­d'anion S135
lis de silicate.
lie decomposition de l'acide flucsilicique dans' _e coulis de silicate s accompagne. du dega
gsment de l'acide silicique, qui augments le
volume du gel de l'acide silicique,forme'
dans le coulis fluosilicique.
L'ac:Lde fluoszllicique dans le coulis de si­
licate alcalin ss ports comme un acids 6-ba­
sique, ce pourquoi il est l'agsnt de durcis­_semnt le plus efectif des coulis a la basede silicate.
Le temps de gelefication d'un gel de silica,
depend de la concentration des coulis en rea­
ction, leur proportion en volume et ds la tem­
perature .
A,1a, temperature ae 1g a 2o°c le temps degelefication se regularise ;lusqu'a 40 min.
L'abaisssmsnt de la temperature des coulis
mélanges Jusqu'a +5°C permet d'augmsntsr con­
siderablemsnt le temps ds gelsfication.

On constate que le temps de gele'fioation dssgels fluosil oiques s'augmente considerable­

mmt avec 1'util:Lsation des coulis E la base
ds silicate ds potassium et de silicate de
sodium. Dans cs cas sauf Na2SiF6 ss forms
K S:LF6 de haute diepersi9_n,ayant la dissolu­b£1ite'peu importante grace A quoi‘son de­
cmpoaition dans le milieu a1¢a11n au coulis
5. silicate ss fait plus lentement ce que
dcnne la prolongation du temps de gelefica­
tion du gel de ailice. _
La viscosité du gel frais est ,ds 5 cP. Ce gel
est injectable sans difficultes dans ,les tor­
rains au: grains fins,de faible permeabil'l.te'.

La resistance a la oo%ession simple dossables traites est de a 50kg/cm . La.
resistance dss remblais aiant ;]usqu'a23% dematiere organiqus est de 0 a l5kg/cm .
En Unipn Soviétique les resinss de carbamide
out rein 1'applicaticn assez vaste pou,r laconso dation chimique profcnde. Ce resinessont des polymeres les plus abordables et 8.
meilleur marohé,€eusqu'elles sont confection­nées avec des ma_isres qui ne sont pas defi­citaires, c'est-a-dire avec d'uree st d'alde­
hyds formiqus.
Un fort avantage des résines de carbamide yon­siste en ce qu elles duroisssnt a la tanpsra­
ture normals avec,1'introduct:Lon des durcis­
seurs A bon marchs du type d°acide ou des
couJ.is dss sols ac:[des.Sslon la concentration
du coulis de resins de carbamide la real stan­
ce. 5. la compression deg sables traites peutatteindre 12 A 40 kg/cm .
Le temps de durcissement des refsines st l'ef­
fet final du treitement est influence' par
le ccntenu dans les terrains A waiter des
carbonates de calcium et de magnesium.

Ces dernisrs rsagisssent avec le durcissgmr
acids du rss:Lne,la neutralisation compl te cu
incomplete se groduit et en résultat e dur­cissement ds r sine dans ls terrain calcaire
pant de pas se produ:Lre.Co pcuiquoi on effec­e la cmsolldation dss sables,contenant
Jusqu‘a 5% des carbcnates,par le traitsmmt
préalable avec de l'acide muriatique.
La consolidation effective des sables calcai­res par les résines de carbamide a std attcint
avec l'utilisat:l.on ds,l"acide oxalique en qua­
lite as 1'a5ent ae am.-°issemen1=.Ave¢ cela les
sables carbonlferes ont eteftraites prealable­ment par un coulis ds 2 a 4% de l'acide oxa­
liqus.En resultat sur la surface des inclusi­ons calcairss se forms une couche fine d'oxn­
late de calcium qui protege coutre l'abs>rb­tion de l'acide du coulis durcissant.

Dans le terrain sinsi prepare on :Lniecte lecoulis ds résine ds carbamide avec 'addition
de l'acide oxiliqus. Ge dprnier assure le dur­cissement normal de la resins dans le terrain
a consolider.
les methodes e'1aborees pour la consolidation
des terrains calcaires par la resins ds car­
bamide aussi ont eté, utilgésees avec succespour la regeneration des ton defectusux per­
méables aussi bien que pour,l'ete.nohementdes roches finement fissurees, avec des
inclusions carbonées.
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1NDuc'r1oN oaourmc METHOD U'r1|.1z1NG HIGH srssn
WATER Jar.

T. Yahiro and H. Yoshida (Japan)
SYNOPSIS

A grouting method which we generally use now
is very efficient for cut-off of underground
water and consolidating of soil. But the use
of this conventional method, however, is often
hard to achieve a satisfactory result of exe­
cution because of inhomogenuity and anisotropy
of the ground caused by the difference of void
ratio and the particle size of soil.

Therefore, the authors have developed a
rational grouting method utilizing effectively
energy of high speed water jet in order to get
rid of the shortcoming of the conventional
methods and have tuned it to practical use.
In this method, an underground cut-off wall is
made by sending grout into a slit made by
jetting the high speed water and air simul­
taneously in soil.Here are shown a series of researches inclu­
ding fundamental and developmental ones on
improvement of jetting properties of high
speed water jet, etc..

INTRODUCTION

As known in the rain erosion phenomenon of
the airplane, high speed water jet has very
high energy concentrated density. Therefore,
liquid acts like rigid body and makes it
possible to fracture soil very efficiently.
Therefore, by applying grouting method as one
of underground executions using this property
a series of experiments from fundamental
research to developmental one were made to
verify the method. The result was applied to
a lot of practical projects and the argaapplied as of May of 1973 is 20,000 m and
obtained good achievements.

Furthermore, this high speed water jet will
display its great power not only in injection
meLhud.but also in underground execution with
suitable velocity.

FUNDAMENTAL RESEARCH

Fundamental problems in developing this
method are structure of water jet under water,
its energy, excavation mechanism. etc.. Though
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the former two points aremade clear by nozzle
design method, and the past research on exca­
vation mechanism reached only a stage where
the problem is simplified as if the jet would
be rigid body. Recently, some try to make
clear this mechanism from a view point of
cavitation phenomenon and treat it hydrodyna­
mically but it leaves room for further study.
In this research, experiments are made upon
following points.
a) Jetting properties of high speed water

jet into different fluid.
b) Pressure and underground stress distribu­

tion in soil caused by water jet.
c) Velocity and pressure distribution when

high speed water jet and air jet are
simultaneously applied­

d) Fracture of soil and rock by high speed
water jet.

By these experiments, the following were made
clear. Jet axial flow pressure, which is
characteristic of high speed water jet and
parameters of soil fracturing are shown by
the following formula

Pm = K.d0'5 .P0./L
d; nozzle diameter

P0; nozzle outlet pressure
L; distance from the nozzle outlet

K,n; constant determined by nozzle
and medium

The larger K and the smaller n are, the higher
excavation efficiency jet has. Relation
between jet axial flow pressure (under water
and in the air) and distance from the nozzle
outlet in the experiment is shown in Fig. l.
Coefficients obtained by it are,

jet in the air K = 8.30, n = 2.655
jet in water K : 0.01, n _ 2.737
water jet K = 0.22, n = 2.674
(water jet simultaneous with air jet)

In the definite outlet pressure and the nozzle
diameter, relation between jet axial flow
pressure ratio of air jet and water jet, and 2distance from a nozzle outlet is Pma/Pmw=52OL,
in proportion to the square of the distance
(only applicable in the range 60d<:L<:300d).
Velocity and flow pressure distributions of
water jet flow follow approximatly to Gauss’
error curve and decrement of jet axial flow
pressure is greater because an open angle ofad- ‘?""\
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water jet flow is wider than of air jet flow.
Decrement was shown quantitatively. From there
results, a taper type nozzle is designed and
manufactured for trial to make a high effici­
ency nozzle to utilize for this method, and
special attention is paid to the finish of
nozzle inside and compactness of jet flow.
Furthermore, by calculating Underground
stress, caused by impact of high speed water
jet, and applying Boussinesq’s axial and
radial stress formula, the following result is
obtained that as shown Fig. 2, when soil com­
pression strength is O.5~5.0 kg/cm2, ground
compression fracture by jet flow reaches toO.2~l.5 m. It serves to determine a suitable
traverse velocity of a nozzle. Ground frac­
ture by high speed water jet is caused by
dynamic pressure action of jet, cavitation
effect, etc.. These effects, however, don't
always act in, the same degree and varies
according to physical and mechanical proper­
ties of the ground. Therefore, through
excavation experiment by the use of soil such
as compaction and undisturbed sample, it was
made clear that excavation depth is determined
according to elastic wave
diameter, etc.. As shown

velocity, nozzle
in Fig. 3, energy

efficiency is high when water jet pressure is
more than ten times as great as compression
strength from a view point of specific energy
related to water jet pressure ratio and com­
pression strength of soil and rock.
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DEVELOPM NT AND PRACTICAL RESEARCH

Generally, in the conventional grouting
method, development of method is done only a
little compared with positive development of
material. It makes precise grouting difficult
and obstructs complete achievemenm of the
expected purpose. Nevertheless, in actual
design and execution, plan is often carried
out with virtual bulbed percolation. Hoping
for the progress in grouting method which
utilizes the merit of'high speed water jet
and its execution efficiency, the authors
made execution experiments on various kinds
of ground and obtained the following results.
1) Injection material:

There are no difference in injection effe­cts of cement milk and others. This shows
that in this method the choice of injection
materials is easy.
2) Physical and mechanical properties of
grouted cut-off wall:

When cement milk was injected, compression
strength (two weeks’ strength) was 150 kg/cm2
on the average, coefficient of permeability
was 10'Z~l0'3cm/sec and the effect of cut-off
water was rather good. Elastic wave velocity
was'Vp=2~3km/sec, V5=l.0~l.5km/sec.
3) The interval of guide holes and suitable
shifting velocity of the monitor:

This interval and shifting velocity are
very important in view of economical use of
high speed water, execution efficiency etc..
Therefore, the depth excavated when nozzle
moves parallel to the ground is shown in
terms of parameter such as nozzle traverse
velocity, nozzle diameter, etc..

As shown in the above mentioned results, by
this method we can estimate precisely thé ef­
fective injection limits. Thus high speed
water and air are jetted at the same time to
fracture the ground, excavating and discharg­
of soil are performed efficiently, using a
system similar to an ejector pump and an air
lift pump for soil discharge. Practical use
of this method will be certainly expected.
Nevertheless, it is considered necessary'tocollect and analize actual execution to
examine its adaptability to various kinds pf
ground and to improve execution apparatuses
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or further progress of this method. In view
-f previous execution, main purposes to use
.his method is for cut-off of water, preven­
nion of soil flow and heaving, etc.. Execu­
aion places are a) the back ofli ile sheeting,
») the back of open cut slope, c) sheet pile
nf buried pipe, discontineous part of in-situ
liaphragm wall, and d) the others. Execution
ground are soft silt, sand and gravel, bed­
rock (mud stone), etc. and execution depth is}.L.-0~»G.L.-45 m and most of it is shallower
than G.L.-20 m. According to the ground cmr
iitions, an efficient type was appropriately
chosen from standard execution types shown in
Fig. 4 as the case may be. Execution effect
was judged from the following view points,
a) in-situ pumping test before and after exe­
cution, b) comparison with general grouting
methods, c) comparison with well-point method,
d) measurement of leakage amount at the bed oi
.execavation, e) the others. The following arethe examined results of above mentioned sub­
~incts are as follows.
Effect of cut-off of underground water.

This effect was almost expected in every
actual case. By comparing permeability coef­
ficients of the ground before and after exe­cution, it was found that it is less than
1/10,000 those of the original ground. When e
permeability coefficient of wall body itself
is taken into consideration, workable cut-off
effect can be expected. Cut off effects
classified by soil quality are 1) effect of
wall 1s almost complete in sand and silt layer;
2)effect is good in the boundary part between
solidified soil and non_eoIL'i.d:|.f1ed soil such
as mudstone-layer and sand 1ayer,3)effect
falls a little in injection into sand gravel
layer,containing gravel the diameter of which
is greater than 150 mm.
Relation between interval of guide holes,
raising eoeed of monitor and the ground.

Interval of guide holes differs according
tn physical and mechanical properties of the
ground, high speed water jet speed, discharge,etc., Fig. 5 shows statistical data of the
practical execution. Fig. 5 shows raising
speed of monitor, together with measuring
various kinds of ground. As this raising speed
is related to thickness of the wall body, the
hind of the ground ought to be taken into con­
sideration at the-constant raising speed.
Execution efficiency was 11.3 m2/hr on an ave­
rage. Though this method consists of two
processes, guide hole boring and jetting
grouting, guide hole boring occupies 70~#80 %
of all process. Therefore, it will be possiJ
ble in future to raise this efficiency by
further development of a high speed boringmachine.

CONCLUSION

A following conclusion can be drawn from the
report mentioned above.
l. Jetting of high speed water jet and funda­
mental experiment of excavation
a) General formulae of jet axial flow pre­

ssure in various kinds of jetting object were
established. And to im rove excavation pro­
perties of high speed wager jet under water,
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the properties of two phase Jet flow of water
with air jetted from the fringe part of nozzle
outlet were grasped.

b) The final e cavating depth ratio is con­
stant in every water jet pressure stage andthis depth is determined y parameters such
as Ihwave velocity of soil and rock, water
jet pressure,eto.. Excavating depth incre­
ases in logarithmioal proportion to time.
lorecver,re1ation between excavation soil
strength and excavating depth was found by
calculation of underground stress during water
jetting,and suitable traverse velocity of s
nozzle was found.
2. Development research of induction grouting
method utilizing high speed water Jet.
a) This method can be applied to all the non­

solidified soil (excluding boulder) to soft
rock such as mudstone.
b) The effect of cut-off of water left almost

nothing to be desired in any soil except boul­
der layer. The permeability coefficient was
found to be less than 1/10,000 that of the
original ground, so that the effect is quite
satisfactory.
c) The execution efficient is 11.3 m2/hr ODBL

average and the cost is cheap with high pre­
cision compared with other methods of the same
kind.
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