2124276 - 1- SEALI' NG AND/ OR CONSCOLI DATI ON AGENT AND METHOD OF USING'IT The
presenit.nyention relates to a sealing and/ or consolidation agent for

ground and/constructlon naterlals such as nortars, concretes, masonry, as - .
wel | "as a figetrthod of usmg nt . More. partlcul arly, the seallng and/or 4
consol i dat\tbh/ agent i s int ended for the treatnent of alluvial depgsjts ¢
rocks havi ng'cavities Ground,  whether it is a question of fis Lf (ﬂ:& €
or of all.uvial dep03|ts ‘sometimes has to be consolidated 10 to ensure ts
stability. This is the case when di ggi ng excavations or. drilling wel |.s, '
to prevent the caving-in of the walls. The setting up of pillars of brldges

or buil dings. on such ground mysEAL‘&‘ﬁWA%/B‘ﬁ%%%L g]jnemg caysol i dation:

thereof 15 with a viewto preve " se fbreover, sealing of_
such ground may prove necessary when 5 i uch as dams - '

Mortars, binders and concretes may di s%ya certa| n variations in volunme
liable to result in more or PESRTSFERH BRyenLiep fedates sk retedtire endrar -

harnful to the water-tighidassatidh bRentrOEEELIRR Qha LRk BEdYiQE CAIRAL 2 AN
possibly to the stability of the wor Mor eover, deterioration nmay occur
in time under the infl usyie asf nerYarsi m@cﬂ‘etm nagem:x, lsisaktld Be 3 emiired a
nore or |ess pronouncedopq;sqm,t%through 25 the di'ssol ving of hydrat ed
sal ts. _

5 + More particularly, the seallng and/or consolzdatlon
. sgent is intended for the treatment of alluvial deposits
qbn .l - or rocks having cavities.
. -Ground, whether if is a question of fissured rocks'
or of alluvial deposits, sometimes has to be consolidated
- _ 10 to ensure its stability. This is the caee_when digging
| excavations or drilling wells, to prevent the caving-in
of the walls.
- The setting up of pillars of bridges or buildings on
such ground may likewise necessitate a consolidation thereof
15 with a view to preventing their subsidence. .
Moreover, seéllng of such ground may prove necessary

when it supports work such as dams. -

Mortars, binders.and concretee may display certain
variations in volume liable to result in more or less deep
20. and wide fissures which are harmful to the water-t1ghtness,
' to the p;otection of the reinforcement and possibly to the
stability or_fhe_work. Mereever, deterioration may occur
'in time under the influenee of certain external'agents.
o liable to lead to a mofe df leés-proneunced.porosipy through
25 the dissolving of hydrated salts. |
A subsequent treatment of these materials is thererore

necessary with a view to'improv1ng the water-tightness



A supsequent treatnment ‘of these materials.is therefore necessary with a
view 19 inproving the water-tightness -2- thereof and/or to

consoki dating them The problem posed by the sealing and/or the

consol i'dation O ground and of construction materials is therefore
essentially the same, nanely to reach the cavities of the 5 fissures and
those present in the alluvial deposits by nmeans of -an agent capabl e of
pegetrating themeasily and of filling themin a durable manner. The

seal ing and/ or consolidation agents used at present essentially belon qo
‘two categories, nanely, on the one 10 hand sol utions of synthetic resi\gds
and on the other hand solutions (or liquid fillings) of alkaline silicates,
nore particularly sodiumor potassiumsilicates. The resins or products on
-a resin base which lead to the formation of polyneric conpounds may prove
ruseful 15 in certain cases but it is a question of relatively expensive

'products, the fluidi tyeforwahe/oxlasscomiolaubity easd) € the mcrofissures or
m cropores to be reached in depth. Mreover, the injection of resins is a
rel atively recent techni Gt B b'°‘{]tﬁ’z§'t PosRd By KBg (Sepding engAer et FeRFORLIad OBy

20 ground treated by ofeARS, Plad 0125 ok XL Sn B0l afPsh bkl oD, PT €SN

t;echni que invol ves using al kal i ne suspensions of sodiumsilicate, products
__Wm ch are easily avaerpatRtéaBly e GAveawnenglp Vo reecthdie canigies ol the

5 fissures and those present in the alluvial deposits by
- means of an agent capable of penetrating them easily and
S\ of £illing them in a durable manner.
_ The sealing and/or consolidation agents used at present
éssentially.belong to two categories, namely, on the one
10 hand solutions of synthetic resins and on the other hand
solutions (or liguid rillings) of alkaline s111cates,
more particularly sodium or- pota551um silicates.
?he resins or products on a resin base which iead
to the formation of polymeric compounds may prove useful
15 in certain cases but it is a guestion of relatively expensive
products, theifluidity of which.does not alwéys enable
the microfissures or microporeé to be reached in depth.
N ' Foreover, the injection of resins is a relatively receant
: -technique so that the durability of construction works or
fg 20 ground treated by means of these products is not certain.
The present technique involves using alkaline
lsuspensions of sodium silicate, products which are eaéily
available bﬁt which have-proved.to have nuierous

" disadvantages.

25 Indeed, .the lime present in construction materials and
certain ground, once in contact with sodium silicate
i causes the formation of a silica gel, due to the excess



di sadvant ages. 25 | ndeed, the linme present in construction materials
and certain ground, once in contact wth sodiumsilicate causes the,
fdrmatiqn of a silica gel, due to the excess of silica in relation to

ghym i n the treatnent solutions. Sodiumsilicate is in-fact a
solution of silicic acid in soda and its neutralisation |leads to
Its sformation into gel by electric discharge of the silicic 5 ions
whi ch condense to formpolysilicic ions. The premature formation of a -
silica gel has the consequence of bl ocking an injection so that certain
cavities cannot be reached. Moreover, the gelling is never conplete
because soda renmains in the structure of the 10 gel. On the other hand,
the gels obtained are not stable intirme3anrd tend to dissociate again

rel easi ng soda which constitutes a source of pollution and of instability
which is not negligible. The present invention enables the di sadvantages of
the 15 known agents gidibe 1w @etation Bolihdl sbdify @i £i6S tde 56N NEIARNLLAY.
consol i dati on agent gﬁgmﬁan easily be injected even into mcrofissures of

the order of about 10 Sl \?ér:&n&P&Et”“é’&&?%%’t?°W‘t’i?nr%fspect to

lime, capabl e of |gadicas adid 18 a@daalahaaiﬂsoaeeérm@afa{wada&wt/ 0§20
construction materials by the formati on of'stable and i nsol ubIe hydrated

lime silicates, nbr@sparPitciamainie webebmlectriq disghargehod thessilinget he
|a5tf ng " 5 ions which condense to form polysilicic ionms. )

The premature formation of ‘a silica gel has the
consequence of blocking an - injection so that certzin
cavities cannot be reached. lioreover, the gelling is
never complete because soda remains in the structure of the

10 gel. On the other hand, the gels obtained are not stable
in time and tend to dissociate again releasing soda which
constitutes a source of ﬁdllution and of instability which
is not negligible. .

The present. invention enables the disadvantages of th;

15 known agents to be overcome in that it provides a sealing
and/or consolidation agent which can easily be injected
even into microfissures of the order of about 10p and .
heving a very great reactivity with respect to lime, capable L
of leading to a mineralization of the ground énd/or

20 construction materials by the formation of stable and ?
insoluble hydrated-limé.silicates,-more-particularly
tobermorite (2-5102 5'030'35H20), thus ensuring the lasting
QUality of the treatment applied to. this ground and these

. materiels,

25 Tests carried out on test-pieces have, indeed, enabled

it to be shown that when the agent according to the invention

was used, no gelling occurred through percolation through



quality'of the treatnent applied to this’grdund and these materials. 25
Tests carried out on test-pieces have, indeed, enabled it to be shown that
when fhe agent according to the invention was used, no gelling occurred

'through\percolatlon through . -4- porous micronortars, nor was theriiiﬁiz
appeararice of a layer of gel at the outlet of the test-pieces. The TiﬁJ :
formation-of crystals of hydrated linme silicate, nore particularly of
‘topernorite, by neans of the agent 5 according to the-invention, was able
.o be confirmed by various exam nations by X-ray diffractometry. Thus the
.seal ing and/ or consolidation agent according to the invention enables: (a)
~an excellent injection into the cavities ang 10 mcrocavities present in

“the ground and/or construction materials, (b) the formation of stable and
-jnsoluble hydrated lime silicates, (c) a stability which is durable in

time, of the product S?o]r'%gsfﬂwﬁﬂozfaﬁ‘gh dd¥ GGl re ARG ng;)eag‘a $-gotal

absence of pollution e ensured. e present 1 nve es to a
Seal i ng and/ or consol lajeri oh gadjeatt therowrletnet auhd/tﬁsteprsxelsuct I on

materials, 20 which can bg, 1980, DY oh"bf ey 2Ba1s 13" B8t 1t 51408 e !

§ more particularly of tobermorite, by means of the agent
_f. 5 according to the invention, was gble to de éonfirmed by
various exsminations by X-ray diffractometry.
\_/ ' Thus fbe segling and/or consolidgtion agent according
' to the invention enables: '
(a) an excellent injection into fhe'cavities and
10 . microcavities present in the grbund and/or coﬁstruction
materials, a | ;
(b) the rormation of stable ﬁpd.insoluble-hydrated
lime'silicates, - - .
(c) = stability which is durable in time, of the products
15 formed after injection, ' '
and (4) a quasi-total absence of pollution
to be enéuréd.
The preéeht invenfion réiates éﬁ a sealing and/or
' consolidation'agént for'ground and/or construction materials,

20 which can be used by injection, characterised in that it

"

appears in the form of 2 concentrated alkaline solution
of silica; which is-non?colloidal, obtained by dissolving
silica with an average diameter of particles less than approximately
100u at ambient temperature, in soda; the ratio 5i0,/Na,0 |
25 beipg less than 2 and the silica content of the solution
being greater than ag:ro:d.mately 20% by weight,



appears in the formof a concentrated al kal i ne sol ution of silica, whichis
nog;golloidal, obt ai ned by dissolving silica wth an average di aneter of

pagti | ess thanapproximately 10J err] - at ambient tenperature, in soda,
the rg err] 25 being less than 2 and the silica content of the

sol ut Jei ng greater than approxi mately 20% by wei ght. -5- The

non- col_Ldi dal nature of the agent according to the invention has been able .

to be. proved qualitatively by the Tyndall effect (nmeasurenment of. the et
nephel onetri'c i ndex). 5 . The silica used nmay be silica in the pure
state or .preferably siliceous products containing at | east 80 to 90% by

wei ght of SIiQ2 of a non-vitreous structure. Anong the preferred conpounds,
particul ar nention may be made of pyrogeni ? silicas likew se called snoked
silicas 10 which originate fromindustrial waste, kieselguhr, gaize or
silica aerogels. Since the granul orretry of the silica or of the siliceous

product =-of oreat | gLt AICE LS Ml 6 LS Pl gt

conpl ete dissolving in e.So pdssi bl e be
| ess than 100[ err] thetinveattombhy Heensamhamaﬁ[ grovted htaldoesiveily hout sayi ng

that according to the in n& n %6% gl |ICSOU qltectes S cheta§ those 3
nent i oned above na b%heu ?ﬁ’sS? §°ta{meaFuT sy g# he 1??5 e A
solubility criteri andex). _
5 ' The silica used may be silica in the pure state or
preferebly eilicepus products conteining at least 80 to -
96% by weight of,SiOé of a non-vitreous strueture.
Among the preferred compounds, particular mention may
be made of pyrosenic silices likewise called smoked silicas
10 which oriéinate from industrial waste, kieselguhr, gaize
or silica aerogels. '
“ince the granulémetry of the silica or of the siliceous
product is of great importance with a view to obtaining a
rapid and complete dissolfing in the_soda, it should -therefore
15 if possible Dbe less then 1004 but preferably less than S0u.
It goes without sajingethaf according to the invention
other silice?us products such as thqee mentioned above
mey be used inspfar as tﬁey satisfy the necessary o
solubility criteria. '
' éo Theasoda used to-disselve the silica preferably appears ¥
in. the form of a. solution comprised between 35. and 37°B,
that is. to say havins a den51ty comprised between zbout 1.32
and 1.35.
During the dissolvihg, a certain exothermicity occurs
25 which it is not necessary to control insofar as no unfavourable

effect has been noted with regard to the reactivity of the



20 '_ . The soda used to dissolve the sil i ca preferably appears in t'he
form of a solution conprised between 35 and 37B, that is to say having a
- density conprised between about 1.32 and 1.35. During the dissolving, :

/5)

C‘certailp.exothrmeity occurs 25 which it is not necessary to contro
‘insofdr as no unfavourable effect has been noted with regard to the
“reactivity. of the -6- sealing and/or consolidation agent. The rati
[€r] likew se assumes a great inportance, which, as indicated above,
-'shoul d be less than 2 but preferably conprised between 1.5 and 1. 8.
“Indeed, in the case of a 5 higher ratio than 2, the silica would tend to
forma gel and therefore to prevent a satisfactory injection into the
‘deepest of the microfissures or microcavities® The nmaxi mum cont ent of
“silicais not critical insofar as the ratio [err] remains bel ow 2.
~Neverthel ess, 10 for practical reasons relating, in particular, to the
vi scosity of the agensesldiogrehd/prt condvdidamiont egant.t his content is

general ly not greater thap,appr.axi e QY% by, wei ght _and is preferabl
_conpri sed between 23 and 99%’pﬂt3°h§§6zzé‘¥a§ﬁ11?f‘%’e”een agB%’%ersvgdg’far?at l’fpr?rg?" er

10 obtain 15 a sati sfagid,yas Niradthted iabovés sHeGld Bl Pedshahan [Pebyt Spesdr=yly
of the sealing and/or consolidation agent according .to the invention should

be conprised between SHERRIS8% ReFv8ER P2 pREflefabl yRAEtedR P AT 95 &P, an
-}afppr opriate Vviscosid Ynigher ratic then 2, the silica would tend to:form a gel

and therefore to prevent a satisfactory inJeétion-intq the
B \~f . : deepest of the microfissures or microcavities.
The maximum content of silica is not critical insofar
as the ratio SiOZ/Naao remains below 2. Nevertheless,

10 for practiecal reasons relating, in particular, to the
viséosity of the zgent acébrdins to the invention, tﬁis
content is generally not greater than appmaxhn&uﬂy 30% by weight
and is.preferably comprised between 23 and 27%.

It has actually been observed that in order to obtain

15 a satisfactory injection it was desirable that the viscosity

- of the sealing and/or'consolidation agent according to the
i#vention should be comprised between about 5 and 50 cP,
\_)' preferadbly betweeniao and 30 cP, an appropriate viscosity.
" being able to be obtained by dilution with water.
Tia '20 " ' The agent according to the invention may further contain
certain additives capéble bf improving the penetration
;:v into the fissures or cavifiés. |
: According to a modification of the invention, the
sealing and/or consolidation agent may contain lime or
25 a'calciﬁm'salé such as calcium chloride, formate, acetate
or propionate for example. '

The addition of lime or of a calcium salt is more



being.able to be obtained by dilution with water. 20 The agent.
according~to the invention may further contain certain additives capabl e of
' he penetration into the fissures or cavities. According to a
nnﬂtflc i of the invention, the sealing and/or consolidation agent may
cont ai\n 7 or 25 a calciumsalt such as calciumchloride, formate,
acetat e7or propionate for exanple. The addition of linme or of a calcium
salt is nore - 7 - generally recomended for the treatnent of certain ‘“ws
ground and/ or ‘materials which are poor in line. In ground and materials
rich in hydrated lime, the silica dissolved in the agent according to the

I nvention 5 is able to |lead, after reactig?, to the formati on of hydrated
linme silicates (tobernorite). This is™nbt™ the case, however, wth ground
and/or materials which are particularly poor in hydrated lime for which it
is necessary to nmake up directly for this absence b¥ an addition of 10

i ndustrial 1ine or 8%R&FRESt F%Weﬁ%%ﬂ}sf%f the SreatReRcsof cer iR, ETIRRd agent

according to the i W?&f%tﬁ?ﬁﬁl WEidd Re ﬁ&uzsihslﬂ:%nera' ly present in a
quantity such that the ratio [err] is greater than 0.3, the maximumratio

bei ng 1.50. 15 AcEREaPrRd 293t PRESTRALAITIGN, 1m hydrahednl iBa.t ths
preferably used, mogs;pardsseotad )incﬁlé? aR@ht chB:I:‘cﬁﬁg' BS tha' irdentfdd er

> is able to lead, after reaction, to the formation of

hydrated lime silicates (tobermorite). This is not the

case,'however, with ground and/or materials which are - o/

particularly poor-in'hydrated lime for which it is necessary
to make up dirEctly_for this'absenee by an addition of
10 industrial lime or indirectly by means of a calcium salt.
When the agent according to the invention contains
lime, this is generally present in a quantity such that the
ratio-caO/_SiO2 is greater than 0.3, the maximum ratio
being 1.50. :
15 According to the invention, a calciuﬂ salt is preferably
| used, more partlcularly calcium chloride 1nsofar as, after
its neutralization by the soda, it leads, not only to the
lime formed, dbut alsc.to a non-polluting ﬁalt {sodium chloride).
The dissolved silica therefore react% with the lime
29 Tformed to provide insoluble and stable hyireted lime. silicates.
The amqunt of calcium salts shbuld.bé sufficient with
a view-to-the-tofal neutralization of the%soda; since an
excess. of. soda is liable to give rise sub%equently to
poliution phenomene; Although an excess%of calcium salt
25 may be used, it is preferable, according to the “invention,

to use tbe stoichiometric amount necessary for the

neutralization of the soda contained in the agent.

&



its neutrallzatlon by the soda, it |eads, . not only to the |linme forned, but
al so to a.non-polluting salt (sodlun1chlor|de) The di ssolved silica
therefore. reacts with the [ime 20 fornmed to provide insoluble and stable
hydrated |ime. sificates. The anpbunt of calciumsalts should be sufficient
with-a viewto the total neutralization of the soda, since an excess of
soda is liable to give rise subsequently to pollution phenonena. Al t hg
anigxcess of calciumsalt 25 nmay be used, it is preferable, according
tthe-invention, to use the stoichionmetric anmpbunt necessary for the
heutralizati-on of the soda contained in the agent. -8- Although the
enri chnment of the sealing and/or consolidation agent according to the
invention with calciumsalt eonstitutes a preferred form of enbodi nent,
.this contribution may neverthel ess be nade by injecting a solution of
ealcium5 salt prior to the injection of the agent. - Such a nethod

‘necessitates tWo suCCeSSi VA thBhgf itheNehriBAYRMEbr #HA sEANSBARRI Yok Ve JHRKER b BEn
treatment | onger and.nore expensive. The various studies carried out with

t'he agent according t ®eepe dcrerdingotio ibeeinvrniien witht @altseuem eapgtitutes
formation 10 of the gr%gﬁ;@érgrgffgrgbgf r;%b&ﬁne%cu%gigd hgw s after
t ou

the injection and tha eir formation contlnued t ays after the
injection. The X-ray dieférthelesn tor natea by irg:iesltm raoﬁptuﬁﬁogr@'ssemi@m

exami nations have showy;3 dreat, ANDIANGe 0f, GEY@lsgeff. ~uch s method

o necessitates two successive injections, however, and

o

consequently makes the treatment longer and more expensive..
The various studies carried out with the agent according
to the invention have enabled it to be shown that the formation
10 of the crystals of tobermorite oc¢curred about 10 hours
after the injection and that their formation continued.
for about 7 days after the injection.
The X-ray diffraction or scanning electronlc madcroscopic
etaminations have shown a great abundance of crystals of
15 hydrated lime 51lcates after 7 days. .
The very satisfactory reactlvity observed is explained
r by the activity of the dissolved silica and by the freshness
. \uj _ of the solution. . |
— The present invention likewise relates to a method
;fﬁ »9 ©of sealing and/or of consolidation, this method consisting
 dn injecting under pressure the agent according to the
;;i ' invention as defined above, into cavities or microcavities
in'the ground or into fissures or microfissures in construction
_materials, by mesns of conventional injection appliances.
25 The method according to the invention is intended}
in particular, for the treatment of ground to be sealed
or consolidated, whether it is a question of risstred rocks’

“or of alluvial deposits.



15 hydrated.line silcates after 7 days. The very satisfactory reactivity
oQ;Q%ved I's explained by the activity of the dissolved silica and by the
freshness of the solution. The present invention |ikew se relates to a
met hod of sealing and/or of consolidation, this nethod consisting in
inject nder pressure the agent according to the invention as defined
above, 0 cavities or mcrocavities in the ground or into fissures or

m crofi'ssures in construction nmaterials, by neans of conventional injectiqg
appl i ances. 25 The method according to the invention is intended, in’
particular, for the treatnent of ground to be seal ed or consoli dated,
whether it is a question of fissured rocks or of alluvial deposits. -9-
For fissured rocks, a drill-hole is firstgnade and then the agent according
to the invention is injected by the techni ques known as advancing injection
or: rising injection. 5 For alluvial deposits, -because of the risks
of cave-ins, a nethod | | GhalsS DOYL.GQNYent i.on Kk "t ube
with cuffs”™ (French Pa?g:;};ﬁ%g@‘%%%{?%%é) Q 13.9%&?%&03?0%&5%@%%%1%3&?5

general |y conpri sethdmetheagens aucdrihghée sthandntdrdianvimtingéctedrtsyol i dati on

andor 1o seal | ngyAISOL,HELIESRIR ARl LRCOLITE Quibhe o ound

which it is intend to tr
- injection.. '
5 For alluvial deposits, because of"tbe risks of cave-ins,
a method is used which is now conventional, xnown as -

"tube with cuffs” (French Patent No. 986.619).
The injection pressure is generally comprised between-
5 and 20 bars and the amount of consolidation and/or
10 séaling agent between 30 and 40% of the volume of the
ground which it is intended to treat.
During the sealing work, the treatment can be ch;cked
by taking a sample which is subjected to permeability
measurements.
15 A ground of aliuvial deposits having a permeability
of about 10—3 m/s will change over to a permeability of
about 10~5-10~7 m/s after injection“and~hardeniné.
With the object of making the invention better understood, N/
one example of eﬁbodiment'and of use of the séaling and/or
20 consolidation agent according to the invention will now
'be‘described:by-way of illustration and - without any limiting
cheracter. - '
EXAMPLE
A drill-hole 10 m in depth is made in a ground rich
25 in very permesble lime (permeadility of 10~2 m/s) with a
view to the sealins-treatment of a volume of ééund of 4 m°.

An injection tube is introduced into the drill-hole and

a



Dur;ng t-he sealing work, the treatnent can be checked by taking a sanple
whi¢ch_is subjected to perneablllty measurenments. 15 A ground of
,allugrél deposits having a perneability of about 10[err] ms wll change
over to a perneability of about 10[err]-10[err] ms after i njecti nd -
-hardening. Wth the object of making the invention better undersfo@dj/one
iexanmpl e of" enbodi nent and of use of the sealing and/or 20 consyl tion
:agent according to the invention will -now be described by way of:
illustration and without any limiting character. EXAMPLE A drill-hole 10 m
~'in.depth is made in a ground rich 25 in very perneable |inme (perneability
of 10[err] ms) with a viewto the sealing treatnent of a volunme of ground
~:of 1 merr]. An injection tube is i ntroduced® fto the drill-hole and -
"-10 - the injection of a solution obtained by di ssolving 170 kg of silica

‘Wi th an average granul ometry of about 50 [err] in 300 litres of soda at
~36[err] B and 70 |itr&ke driogtion of He sehullan ebtaippd SYofis$rIvaRE F7PO%E af t er

formation were the 5,rfahkoAGh ak %Qaéeerg&LnJﬂmg%y L@rs outl 86QSkhY
'40-50cP),is then effected under an initial pressure of ars. \Wen the

‘kef usal pressure has38? dtreyod gedamlssubc R apd 7 litresi n}'e'cattleun(ﬂhs st opped
:which has proved to 8ﬁ§£&%%9£!§¥1%9 éf]tﬂQngﬂﬁtQLn after formation were the
A > following:. ratio Siozlﬂazo = 1. 8,-, 810, = 26. 6%; Fa 0 =
e 14.8%; _H 0 = 58.6% viscosity 40-50cP) is then effected
N | uhder an initial pressure of 3 bars. When the refussl

pressure has stabilized at about 10 bars, the injection

is stopped which has proved to correspond to an amount of

10 solution injected of the order of 320 litres.
After one week, a fresh measurement of the permeability

_enabled it to be confirmed that it had changed to ‘IO'6 n/s,
denoting a perfect sealing of the ground treated.

15

20
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changed to IQ[err] nm's, denoting a*perfeet %$edl ifg of the ground treated.
15 20 ﬁi?} CLAIMS : 1. A seal i ng-and/ ot consol i dation agent for ground
and consraction materials, which can be uged by inject- ion, conprising a
concentrated al kaline solution of silica, which is non-colloidal, obtained
by di ssol ving sCcLATMSWsth an average particle dianeter of |ess than .
approximately 100[err] in soda at anbient tenperature, the ratio [err]
being less thany2 ang the)shli £3q20Pt E0h s i dLEI SR 44d 0 P& Sater than
approxi mately 26%)Q y.mp}gﬁ . 2.}'Z An agent accordihg to %gg?ﬂ?i, wher ei n
, the silica usedah§ ofikttEE0USN PHAEEELaTON WhIERTcah bEASEed oy 01 PP6HY
- weight of SiQ2 of a non-vitreous structure. 3. An agent according to
‘Caim2 or daifor, sebmpeisihdecascdbheéentBapyd ogEkaTine ! sshufsowkesl silica),
ki esel guhr, gaize or a silica aerogel. 4. An agent according to any one
of the precedi ngilieapswhibbkr&snnohecohl oodi ks rébtained eendils$olwing. 8.
silica with an average particle diameter of less than
approximately 100y in soda at ambient: temperature, the
| rétiO'Siéo/Nazo beinglless than 2 and the silica content
of the solution being greater than approximately 20%
by weight. |
2. An agent according to Claim 1, wherein the silica
used is a siliceous product containing at least 80 to
90% by weight of SiOé'of a non-vitreous structure.
3._. An agent according to Claim 2 or Claim 2, wherein
the silica is pyrogenic silica (smoked silica), kieselguhr,
gaize or a silica aerogel.
4. An agent according to any one of the preceding \J

Claims, wherein the ratio SiOZ/Nazo is between 1.5 and

1.8.

5. An agent according to any.one-of the preceding

Claims, wherein the maximum silica content is not greater

than approximately 30% by weight.

6. An agent according to Claim 5, wherein the maximum

silica content is between 23 and 27% by weight.
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5. An: agent according to any on Clalns mhereln t he
maxi‘mum silica content is not gre%,mlmmn @Mﬂt ely 30% by wei ght. 6.
An agé“t .according t.o daimb5, wherelr silica content is '
“bet ween 23 and 27% by wei ght . -12- 7. An agent as clained iny/
one of the preceding-Cainms, wherein its,uscosity is between 5 and(5

- 8. - An agent according to Caim?7, wherein its viscosity is bet
ﬂanq,SCbP 5 9. An agent accordlng to any one of the preceding C ains,

wherein it contains i min' Rg@ntlals0 Qfail@d 1in0 93t @net AN thed etcl%tﬁng
'haX|nun1rat|o of 1.5. . An agent according'to any one OP the dainm 1

to’ 8, which. contaiaimsg @&b@bumla&btv1EQosiky is bAtwRGANE IRGOBAICPY tO
‘Claim 10 which contains calciumchloride, formate, acetate or propionate.
242, An agent according to Claim211l which contains cal ci um chl ori de. 13.
An agent according to Claim 10, wherein the calciumsalt is present in-an
anount enabl i ng8t-he 15 Asod@end lae ctootddingy troeGtlzdim Jod whktein its met hod of
Sealing and/or consolidating ground and construction materials, which
- conprises injectilsgogdddr i5r dedween BP a@mdySMGPonal techni ques, a sealing
“and/ or consolidation agent as clainmed in any one of

- . 5 9. An agent according to any one of the preceding
:T;: Claims, wherein it contains lime in a ratio of Ca0/s510,
gfeater than 0.3 with a maximum ratio of 1.5. '

10. An agent acéording to any one of the Claims

1 to 8, which contains a calcium salt.

10 19.  An agent according to Claim 10 which contains

calcium chloride, formate, acetate or propionate.

12. An agent according to Claim 11 which contains
Ny calcium chloride.
.= 13. An agent according to Claim 10, wherein the

calcium salt is present in an amount enabling the

15 soda to be totally neutralised.

14. A method of sealing and/or.consolidating ground
and construction materiais, which comﬁrises injecting
under pressure, by conventional techniques, a sealing
and/or consolidation agent as claimed in any one of

20 the Claims 1 to 13.



ZQ the,Clains 1 to 13. -13 according to C ai'm 14,
wher ei n prior to the injection mmm" Qﬂwgﬂd/ or consolidation agent as
i .n any one of the Cains*1l to ion of a calciumsalt is

: ') 5 16. A net hod according.to C aim15, wherein the solution
of ~cakciZmsalt is a solution of cal ciwgachloride. 17. A seal i ng and/ or
dati on agent substantially as herein described with reference to the
acconpanyi ng 10 exanple. 18. A nmet hod of sealing and/or consolldatlngh.
“ground and co¥fstruct iormehed | a¢condbeg ate iGlaim gkt heréme tresprided with

reference to the acconpanyi ng exanpl e.
to the injection of the sealing and/or consolidation

agent as claimed in any one of the Claims 1 to 13

a solution of a calcium salt is injected.

5 16. A method according to Claim 15, wherein the . ?
solution of calcium salt is a solution of calcium

éhloride.

/

17. A séaling and/or consolidation agent substantially
as herein described with reference to the accompanying

10 example.

18. A method of sealing and/or consolidating ground
and construction materials substantially as herein

described with reference to the accompanying example.

A



