0 3 MAY 2005 | CALCI UM ALUM NATE MORTAR FOR USE I N A SHOTCRETE DRY PROCESS
The present invention relates to a nortar conposition conprising a calcium
al um nate based binder and an aggregate, to a concrete prepar ed%} aeﬁm’rm
and to the use thereof, notably in a shotcrete dry process, for 5 exanpl€,
in the rehabilitation, notably by lining/irelining, of sewerage and drai nage
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successful way of ﬁéhzg«gguﬁ/ari tervalseweriggnecyssany ite tr@hﬁlailﬁﬁatﬁar s,
having nuner oy, &80Whanholes and associated structures in sewerage
10 and drainage systems. The water loaded with organic
matter circulating in these pipes causes via biological
actions the formation of very aggressive acids. Generally
such equipment as pipes are made of cast or concrete,
sometimes optionally coated with a protective material
15 such as for example PVC (polyvinylchloride), HDPE (high
density polyethylene), epoxy resin, etc but such equipment
as pipes may also be made of PVC - thus problems arise
for their replacement, which sometimes remain unsolved).
These pipes have in general a small diameter, in contrast
20 to the sewerage systems with higher diameters - higher
than 500 mm- which are rather made of cast or concrete.
Most of the tanks, accumulation chambers, manholes are
out of concrete and therefore must be often rehabilitated
due to corrosion by city supply waters and factory waste
25 waters. '

A successful way of rehabilitating the sewerage
systems is to use mortars, having numerous known
advantages. They are generally of low cost, simple to
handle, allow recovering the initial geometry of the pipes,

30 and improving the structure resistance. Furthermore, if
needed, after several years of restarting, new rehabilitation
may be achieved with a new mortar. Mortars allowing a
quick restarting, such as Portland cement or in particular
calcium aluminate cimentitious mortar, are preferred for

35 evident reasons.
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firstly 19 transfer in function of the distance, the type of works tools
available onsites, mechanical performances of the
projected material, productivity linked economic
considerations, etc. The type of process is finally
determined after considering the general worksite

15 constraints.

Other important problems encountered when
formulating a mortar for shotcrete applications, to name a
few, are the absences of sufficient cohesion of the
projected mortar. A poor paste/aggregate binding is also

20 one of the prerequisites for good resistance to corrosion.

(n the shotcrete dry process, a dry mixture is firstly
prepared by mixing a binder (cement), an aggregate in a
suitable particle size range, usually crystalline silica sand
(siliceous sand), with additives such as hardeners and/or

25 accelerators. This dry mixture is generally displaced
pneumatically to a mixing/spraying nozzle whereat it is
wetted with mixing water to effect setting of the mixture
and the concrete thus obtained is sprayed to the surface to
be shotcreted.

30 Known constraints of such a shotcrete process by
the dry mode, to name just a few, are :

e« a very limited period of contact time between dry

mixture (powder) and mixing water ;

o formulation must contain as few components as

35 possible which are able to rapidly mix together



prepared by m xing a binder (cenent), an aggregate in a suitable particle
size range, usually crystalline silica sand (siliceous sand), with
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Bonded aggregate compositions to be used in a
shotcrete dry process generally comprise a suitable,
generally calcium silicate based aggregate, bound by a
binder(cement). Conventional rapid hardening cements

15 for bonding aggregates include aluminous binders,
generally containing at least 30 % to 35 % alumina or
Portland cements, containing generally less than 5 %
alumina.

According to the present inventors, no mortars

20 obtained by mixing such conventional binders and
aggregates have proven satisfactory in use in a shotcrete
dry process.

Therefore applicant identified the need of an
improved mortar over the prior art mortars, a new

25 concrete prepared therefrom and a shotcrete dry process
making use thereof.

Accordingly, the present invention relates in its first
aspect to a mortar comprising a calcium aluminate binder
comprising about 40 % to about 45 % by weight alumina,

30 and an aggregate of an appropriate selected particle size,
characterised in that said aggregate is a calcium aluminate
aggregate comprising a first aggregate portion a1, having a
grain size of from about 1.4 mm {o about 2.8 mm and a
second aggregate portion a2, having a grain size smaller

35 than about 1.4 mm, in a at:a2 ratio of about 2.5 :1.
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ar to a ca
shotcrete dry process and is inappropriate for use, notably,

in the rehabilitating of sewerage systems and associated
structures already in place onsites.

Contrary to the present invention mortar, the mortar
taught in the EP 0.690.258 document cannot be used in
fact in a shotcrete process whether by the dry or wet route,
simply because the latter requires the mortar formulation to
be in a sufficiently pumpable (flowable) state and still be
able to quickly set so as to be easily sprayed and then
adhered onto the surface to be concreted.

The mortar formulation according to the present
invention is easily pneumatically pumped to the projection
nozzle, where water is added. The components comprised
in the mortar are mixed with water in a very short time,
and a perfect adhesion of the fresh mixture on the
support/surface to be concreted as well as a quick setting
are achieved, from the starting of the shotcrete process.

Moreover, the fact that both binder and aggregate of
the mortar according to the invention are chemically of the
same nature improves the aggregate-binder bond and thus
the overall resistance to corrosion of the material.

The calcium aluminate binder of the present
invention contains at least 1 % of Cy2 A;. This amount is
necessary to cause a gelation of the mixture on the
support, ensuring its hoiding in place while aliowing, where
necessary, a troweling in view of finishing the surface.



However, such a nortar is not at all suited for a shotcrete dry process and
I's i nappropriate for use, notably, ioin the rehabilitating of sewerage
systens and associated structures already in place onsites. Cbntggiﬂmgﬁ he
present invention nortar, the nortar taught in the EP 0.690. 258 o3
cannot be used in fact in a shotcrete process whether by the dry or wet
route, is sinply because the latter requires the nortar fornmulation to be
in a sufficiently punpable (flowable) state and still be able to quickly
set so as to be easily sprayed and then adhered onto the surface to be
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finishing the surfaceadl S‘H)m Q@@t5sur aces are adhered to
10 - gain in thickness in a few runs

- cohesiveness is achieved in order to optimise
compactness and density of the finished layer
- rebound problem is solved specially in the
shotcrete dry process where the courant speeds

15 are always very high.

Further or alternatives preferred features of the

mortar according to the invention are as follows :

- the mortar has about 96.1 % calcium alumina.

-the mortar has at least one internal strength
20 promoting agent having a grain size smaller than

about 900 um, preferably clay. Clay also limits the

rebound to a minimum and promotes adhesion of the

coating on the support.

- the mortar is devoid of organic additive, such as a
25 hardener or accelerator thus simplifying the problem

of mixing of such admixtures with the other powder

components of the mortar. With the prior art mortar

mixtures, the presence of an accelerator causes the

projected mixture to quickly set on its support. The
30 usual contact time between the water and the powder

is thus very limited and mixing only a few

components, as is the case in the present invention,

is very advantageous.

In a further aspect, the present invention relates to a
35 concrete composition comprising a mixture of a mortar and



(standard nonencl ature in the art of high alum na content cenents: C=CaO
A=A1203) The conbi ned aggregate of the nortar according to the present
invention conprises two types of aggregates of 5 appropriate gralm nﬁYemﬂw
in a selected ratio. In use, for exanple, in a shotcrete dry process,

advant ages that such a conbi ned aggregat®e confers to the nortar

formul ation are notably the following : - all support neat surfaces are
adhered to 10 - gain in thickness in a few runs - cohesiveness is achi eved
in order to optim se conpactness and density of the finished | ayer -
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added whereby an appropriate amount of C12A7 is formed.
10 In still another aspect, the present invention relates
to a shotcrete dry process making use of the concrete as
defined above, preferably for the rehabilitation, notably by
lining/relining, of sewerage and drainage systems, pipes,
manholes, and associated structures.
15 Other features and complementary advantages of the
present invention will now be described in further details in

the following illustrating, but in no way limiting, examples.

Example 1 : Preparation of a mortar according to the
20 invention
A calcium aluminate binder having about 43 % by
weight of alumina, namely Secar 41®, sold by Lafarge
Aluminates is mixed with an aggregate of the same
mineralogy, so-called Alag®, which is a calcium aluminate
25 clinker based granulate produced by Lafarge Aluminates.
Clay, namely Raymond Hill clay from Cedar Heights is
added. The proportions of the different components and the
sieve sizes (grain diameter &, in mm) of the granulates are
shown in Table 1.



is thus very limted and mxing only a few conponents, as is the case in
the present invention, 1is very advantageous. In a further aspect, the
present invention relates to a 35 concrete conposition conpri ﬁigqﬂﬁ?i@ggure
of a mortar and 0 3 MAY 200 6 water, wherein a binder and an aggfegat &""as
defined above, are present in a ratio of about 1 :1.9 and wherein there is
a water:binder ratio of about 0.37. In still a further aspect, the present
invention relates 5 to a concrete conposition obtainable by a process
consisting of mxing a nortar, as defined above, with water wherein
preferably fromabout 8 %to about 10 % water, by weight of dry conponents
of the concrete conposition, is adderd V\@greby an appropriate anount of
Cl12A7 is fornmed. 10 In still another a%tB t1, the present invention relates
to a shotcrete dry process maeki ng use of the concrete as defined above,
preferably for tfeTetmabrtitation, r{m abty by T ning/ rofi iming, lof sewerage
and drai nage sydtens, pipe<OMPBRANRIEs  and assiociated Rtructurds. 15 O her

features and conpl ementary advantages of the present invention wll now be
described in furlther detailsd.n trhe following jillustrating, but]in no way
i mting, exanplies. Exanple ! aration of a [nortar according {to the 20

i nvention A cal di um al um naBeckirndéf havi ng abdut 43 @ wei ght of
al um na, narmely |Secar 41(r), sold by Lafarge Alunminates is nmixed with an
. LD

aggr egat e of the—same—nineralegy—se-—ealled-Aag+)r—whieh—i-s cal cium
al um nat e
Granulates
Alag®, 1.4 mm<@<2.4 mm 50.8
Alag®, @<1.4 mm 20.7
Raymond Hill Clay, @<900 ym 3.9

s Example 2 : Shotcrete dry process according to the
invention

The formulation obtained in Example 1, incorporating
only three components in the form of a powder, is
pneumatically pumped to the spraying nozzie of a shotcrete

lo dry apparatus, where is added about 8 % to 10 % diluting
water by weight of dry components.

The formulation of Example 1 is able to rapidly mix
with water and to set in a very short time. Therefore this
formulation is perfectly suited for a shotcrete dry process.

15 When used, for instance, in the relining of a support this
formulation confers to the coating a prolonged life time and
limits to a minimum the periods of rehabilitation, compared
to prior art formulations, as will be shown in the next
example. |

20
Example 3 : Comparison of the performances of a mortar
according to the invention and of a prior art mortar.

Other aluminous mortar available on the market,
comprised of aluminous binders blended with usual



25 clinker based granul ate produced by Lafarge Alum nates. Cay, nanely
Raynond Hi Il clay from Cedar Heights is added. The proportions of the

di fferent conponents and the sieve sizes (grain dianmeter 0, in nmm of the
granul ates are shown in Table 1. 0 3 MAY 2005 Table 1 Conponent s% Bi nder
Secar 41(r)24.6 Granulates Alag(r), 1.4 mex0<2.4 mb0.8 Alag(r), ORI13MAY 2005
nmR0. 7 Raynond Hi Il Cay, 0<900 pn8.9 5 Exanple 2 : Shotcrete dry process
according to the invention The fornulation obtained in Exanple 1,
incorporating only three conponents in the formof a powder, is
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and to set inpopRdy adtidiigro Ther relserithiiaveheroml ahdothus paigREt!Y
suited for a shotcre e dri grocﬁa When used, for instance, in the

relining of a© amgge Pétlon confers to the coating a prol onged
life tinme and Ilmts to a mninmumthe periods of rehabilitation, conpared

to prior art formulations, as wll be fg%‘?@ 'én t he next exanple. 20

Control  MortarjAluminate binder 1 part by weight
(prior art) Siliceous sand 1.5 part by weight
Water:binder ratio =
0.32
Mortar Aluminate binder 1 part by weight
according to the Alag® granulates 1.9 part by weight
invention Water:binder ratio =
0.37

24 cubes are produced from each of these mortars
10 and are placed in a simulation chamber where they are
kept in an atmosphere supplied with Hydrogen sulphur gas.
The chamber volume is about 1 m® ; temperature is
adjusted to 30°C and relative humidity kept between about
95 % and about 97 %. In order to have a 15-20 ppm H,S
15 concentration, the gas is injected by means of a 10 | boftle.
Every 30 min., a bacteriological mixture is sprayed which
function is to accelerate the corrosion phenomena.
The cubes are regularly weighed every 8 weeks till 48
weeks and losses of weight thus obtained are compared.
20 The results are shown in Table 3.



Exanmple 3 : Conparison of the performances of a nortar according to the

I nvention and of a prior art nortar. OQther alum nous nortar avail able on the
mar ket, conprised of al um nous binders blended with usual 8 fl ? 0ﬁg&ﬁﬂp§
aggregates, calciumsilica or siliceous sand (control nortar, as S i @05
Table 2), do not performas well as the %ortar according to the present

I nvention and thus m ght cause damages onsites. 5 Table 2 Control
Mortar Al um nate binderl part by weight (prior art)Siliceous sandl.5 part by
wei ght Water:binder ratio = 0.32 MrtarA um nate binderl part by wei ght
according to theAlag(r) granul atesl.9 part by weight inventionWter: binder
ratio = 0.37 24 cubes are produced erﬁ1 ?cq%of these nortars io0 and are

pl aced in a sinulation chanber where t %6 @re kept in an at nosphere supplied
wi th Hydrogen sul phur gas. The chanber volune is about | nB ; tenperature

s adj uste'j"t‘o—:?OETa‘ndTe*l tTve nom df TYy[ Kept peRLyeen ou Yo giid |bout
97 % In ord&°Nt¥Ohavel a 15798 ppm H2S 15 cgﬁcentbgfiong he éig isﬁi jected
by means of |mMd@alr bott | e(wedegy)y 30 min.| a bafterio|ogical mxture is
sprayed whi ¢ch functio

M4, S 'erTgf € [Ne~COfT Q% on n¢ : Cubes
are regul arly wei ghed eWﬂ/é@t iéggs tiftl 48 0°%1" 43 %rée "9z g’%
(%)
Invention Age 8 16 24 32 40 48
Mortar (weeks)
Weight loss 0 1 10 18 21 30
(%)
5 As can be seen from Table 3, these results illustrate

the excellent and surprising performances of the invention

mortar, and specially the remarkable effect of the

combination aluminous binder-aluminous aggregate

according to the invention, which confers to the invention

10 mortar a loss of weight due to corrosion which is 30 %

smaller than the one achieved with a control mortar, at the
end of the test period.

The particularly advantageous mortar according to the

invention is in pumpable and sprayable state while

15 ensuring an efficient adhesion on supports t{o be

rehabilitated. Moreover a minimum amount of water is used

to allow on one hand the absence of segregation of the

formulation and on the other it confers a sufficient

compactness to the mixture. Such an improved mortar

20 guaranties both excellent mechanical resistance and

corrosion resistance properties, especially in the presence

of sulphuric acid containing waters circulating in sewerage

systems. Furthermore it is well adapted to worksite

conditions  with  variable ambiences (temperature,

25 humidity...) and is robust. Finally, the mixture, prepared



weeks and | osses of weight thus obtained are conpared. 20 The results are
shown in Table 3. a 3 MAY 2,?fS 9 Table 3 Control Age81624324048
Mort ar (weeks) Weight |10ss51015324243 (% | nventi onAge81624324048

Mor t ar (weeks) Weight 10ss0110182130 (% 5 As can be seen from Tabfle3 34AY H86%
results illustrate the excellent and surprising performances of the
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al um nous bi nder-a | um nous aggregate according to the invention, which
confers to the invention io nortar a | oss of weight due to corrosion which
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of sul phuric acid containing waters circulating in sewerage systens.
Furthernore it is well adapted to worksite conditions with variable

anbi ences (tenperature, 25 humdity...) and is robust. Finally, tlge nﬁa%u&ﬁg
prepared 0 3 MAY 20105 10 according to the invention, has a quidité, | TH:
does not fluctuate, and the nortar has btlonstant set and hardeni ng.

Al toget her, these performances of the invention formulation allow a quick
setting of the concrete and thus a s very rapid restarting of the
rehabilitated sewerage systemwhile ensuring a prolonged life to the
restored system 0 3 MAY .';1"F 11 CLAIMS 1. Repair nortar for use in a
shotcrete dry process conprising a cqb ! | um nat e bi nder, conprising
about s 40 %to about 45 % by wei ght , and an aggregate of an
appropri ate sel ectledRmpaircimostae, forhasactier asad o teretiead ryaipd caggs sgate i s

havi ng a or aitbrgSaRgy’ AP EhPauBBIUR TR, Hibde I8 THRr BAY 4888 o

aggr egat e spord0 b t2,ahautngSa’grxy weight snlsiménat hand aroaggregate in a

al za2 ratio off lﬁo(%l;o[%r riate? s dYRidtadlq %R Céﬁ'amajctlég'lYéaa ?ﬁ)out
pe

96.1 % by welght alci umal um pa. 3. rtar according to alm1l or 2
rior

wherei n the thatcgaiidinrgaueidate B ndeCaaduan aibiminate cagaega
to 1 % 4. MId@prashRgdiadfikst cAdghredade HIMIdNeR1ICOMAVIRIg%a grain
size of from about 1.4 mm to about 2.8 mm and a second

10 aggregate portion a2, having a grain size smaller than
about 1.4 mm, in a a1:a2 ratio of about 2.5 :1.

2. Mortar according to claim 1 having about 96.1 % by
weight of calcium alumina.

3. Mortar according to claim 1 or 2 wherein the

15 calcium aluminate binder has an amount of C{> A; superior
to 1 %.

4. Mortar according to ctaim 1 or 2 further comprising
at least one internal strength promoting agent having a
grain size smaller than about 900 pm.

20 5. Mortar according to claim 3, wherein said agent is
clay.

6. Mortar according to anyone of claims 1 to 4,
characterised in that it is devoid of organic additive, such
as a hardener or accelerator.

25 7. oncrete composition comprising a mortar as
defined in anyone of the preceding claims, and water
wherein binder:aggregate ratio is about 1:1.9 and
water:binder ratio is about 0.37.

8. Concrete composition obtainable by a process

30 consisting of mixing a mortar, according to anyone of
claims 1 to 5, with water wherein about 8 % to about
10 WT % water, by weight of dry components of the
concrete composition, is added.

9. Concrete composition according to claim 7,

35 obtainable by mixing about 24.6 WT % of an about



at |east one internal strength pronoting agent having a grain size smaller ,
t han about 900 pm 20 5. Mortar according to claim 3, wherein said agent is
clay. 6. Mortar according to anyone of clains 1 to 4, characterisgf i& yha@
it is devoid of organic additive, such as a hardener or accelerat 3 § 77685
oncrete conposition conprising a nortar ak defined in anyone of the
precedi ng clainms, and water wherein binder: aggregate ratio is about 1 :1.9
and water:binder ratio is about 0.37. 8. Concrete conposition obtainable by
a process 30 consisting of mxing a nortar, according to anyone of clains

1to 5 wth wpgeymhgresuminat SottamiakPubinderWI Dosat erz1 By \wer gt  of
dry conponents of the, concrete c rngle.on, i s, ,add

9 rete
conposi ti on al@@9EEAEIEoAS AEHRe O n%bl@%‘ﬁ%-ﬁ N&%%u?}%.%sw %
(())/f an abou'; 0 @eﬁ’h}ﬁdirihspléirﬁ34\!\7rw%m|alb?ug 8W‘EL%i :ﬂg éblmiﬁ(rjﬂf@wiﬂ _°El-|5 WI
0 aggregate as_defined i m_1, u c a e in claim
4, wig'?h gbout \gagﬁr%rhg é’ggmﬁﬁo% @f}%ép@Wﬁﬁ%hﬁCyfof §|'(li?y %‘éﬁ%gﬁé%ts of
the concretse &ormypesionon. 10. Shotcrete dry process making use of a

concrete conpositi i a Is 1 ete
dry process accor diﬁg[ f“‘faﬁ@@éﬁgf"?& wﬁg%s%feh@%ﬁ'ﬁ?a&%ég §§/ |%Pﬁg?rég%| ni ng
of sewerage argoRRRSHIRN aecerdingdo anpese phriAieys Gitd &ssoci at ed
structures. 11. Shotcrete dry process according to claim 9 for the
rehabilitation by lining/relining of sewerage and drainage

10 systems, pipes, manholes, and associated structures.



