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conmposi tion conprising a calciumalumnate based binder and an aggregate,
tQ a concrete prepared therefromand to tjhe use thereof, notably in a
shotcrete dry process, for 5 exanple, in the rehabilLtation, not ably by
lining/relining, of sewerage and drai nage systens, pipes, manhol es, and
associ ated structures. At regular |ntervals it is necessary to
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matter crrculatmg 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 - hrgher'

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.



advant ages. They are generally of |ow cost, sinple to handle, allow
recovering the initial geonetry of the pipes, 30 and i nproving the
structure resistance. Furthernore, if needed, after several years of
restarting, new rehabilitation may be achieved with a new nortar. Mrtars
allowng a quick restarting, such as Portland cenment or in particular
calciumalumnate cinentitious nortar, are preferred for 35 evident
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process, a dryavailable i sonsites,| y 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 co_h'e‘si_'o'n' of the -
projected mortar. A poor paste/aggregate binding is also
20 one of the prerequisites for good resistance to corrosion.
In 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

addi tives such as hardeners and/or 25 accglerators. This dry mixture is
general ly displaced pneumatically to a m xing/spraying nozzle whereat it
Is wetted with mxing water to effect setting of the m xture and the
concrete thus obtained is sprayed to the surface to be shotcreted.

Known constraints of suqh as crete pr.oges h
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10 impossible to reuse.

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 contammg generally Iess than 5 %
‘alumina. T
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 to about 2.8 mm and a
second aggregate portion a2, having a grain size smaller

35 than about 1.4 mm, in a a1:a2 ratio of about 2.5 :1.



generally containing at least 30 %to 35 %alumna or Portland cenents,
containing generally less than 5 % alum na. According to the present
inventors, no- nortars 20 obtained by m xing such conventional binders and
aggregat es have proven satisfactory in use in a shotcrete dry process.
Therefore applicant identified the need of an inproved nortar over the
prior art nortars, a new 25 concrete prepared therefrom and a shotcrete
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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,

15 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

20 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 -

25 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.

30 The calcium aluminate binder of the present

- invention contains at least 1 % of C42 A;. This amount is -
necessary to cause a gelation of the mixture on the
support, ensuring its holding in place while allowing, where
necessary, a troweling in view of finishing the surface.



o in the rehabilitating of sewerage systens and associ ated structures
already in place onsites. Contrary to the present invention nortar, the
mortar taught in the EP 0.690.258 docunegt cannot be used in fact in a
shotcrete process whether by the dry or wet route, 15 sinply because the
latter requires the nortar formulation to be in a sufficiently punpable
(flowabl e) state and still be able to quickly set so as to be easily
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according to - cohesweness 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



thre present invention conprises two types of aggregates of 5 appropriate
grain size and in a. selected ratio. In use, for exanple, in a shotcrete
dry process, the advantages that such a gonbined aggregate confers to the
nortar fornulation are notably the followng - all support neat surfaces
are adhered to 10 - gain in thickness in a few runs - cohesiveness is
achieved in order. to optimse conpactness and denS|ty of the finished
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A stii? ano%er aspegt 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.

Exarhple 1 : Preparation of a mortar acc0rding 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.



I a further aspect, the present invention relates to a 35 concrete
conposition conprising a mxture of a nortar and 6 water, wherein a binder
and an aggregate, 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 s to a concrete conposition
obt ai nabl e 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 added

wher eby an appropriate anount of Cl2A7Tigbleodned. 10 In still anot her
aspect, the present invention relates to a shotcrete dry process making
use of the concrete as _defined above preferably for the rehabiltation,
notably by Ilinind/relining Cofnpemenase and drailnage sy%ens, pipes,

manhol es, and assdcCiated structures. 15 O her fedtures and conplenentary .
advant ages of the| present -invention will now bg described in further '
details in the fqllow ng iIIuBindte'rng, but in ng way limting, exanples.
Exanple 1 : Preparfati on of adgg E cording to- the ?Q nvention A

cal ci um al um nat e {bi nder haV| ng about 43 % by wgight of alum na, [nanely
Secar  41(r), sold|by Lafarge Alunminates is nixed with an aggregatle of the-
sanme mineral ogy, |so-called Alag(r), which is a gal cium al um nate |25 '
clinker based grarjul ate produced by Laf arge Al umjnates. Cay, nanely

Rayrmond Hi Il clay |from Cedar |Ss added. The proportions off the
di fferent conponerts Amngbq Sy gz haai n |di anet 80.8, in mp of the
granul ates are Alag®, @<1.4 mm 20.7

Raymond Hill Clay, @<900 ym 3.9

5 Example 2 : Shotcrete dry process according to the
invention

The formulation obtained in Example 1, inco'rpor'ating,'
only three components in the form of a powder, is’
pneumatically pumped to the spraying nozzle of a shotcrete’

10 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



shown in Table 1. 7 Table 1 Conponents Binder Secar 41(r) 24.6

Granul ates Alag(r), 1.4 mmx0<2.4 mm 50.8 Alag(r), 0<1.4 mm 20.7 Raynond
Hd1 Cay, 0<900 pm 3.9 5 Exanple 2 : Shotgrete dry process according to
the invention The fornul ation obtained in Exanple 1, incorporating. only
t hree conponents in the formof a powder, is pneumatically punped to the
sprayi ng nozzle of a shotcrete o dry apparat us, where is added about 8 %
to 10 %diluting water by ht of ﬂ onets. Thefor | at i on_ of
Exanple 1 is aBU8reqatgs. dl9a ')Umvm§ &ﬁ ICEQULS |$lag ?oglt'bqolt
time. Thereformdftay, é@@ﬁdWhlﬁﬂT@bwmeQidJm@u erfofor as well caseuaedry

PoooerSi i on eoTaieF poRirdifg fsthe, 5%8%@@3“?%@%%@3“‘??%{@@@0 a
m ni mum t he pecaode damelges lansitésn, conpared to prior art fornulations,

as wll be shown in the next exanple. 20 Exanple 3 : Conparison of the
per f or manc of a nortar according to the invention and of a prior art

mortar. . Qther aluminous nortar -avail ababl@2the market, conprised of
al um nous bi nders bl ended with usual
Control Mortar |Aluminate 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 producéd 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 H2S
15 concentration, the gas is injected by means of a 10 | bottle.
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.
- The results are shown in Table 3.



é'aggregates,
in Table 2),
wei ght

Wat er : bi nder
nortars

do not performas well
i'nvention and thus m ght
Al um nat e bi nder
Wat er :
according to the Alag(r) granulates 1.9 part by wei ght
ratio
o and. are placed in a sinulation chanber where they -are kept
an atnosphere supplied with Hydrogen slgible 3gas.

calciumsilica or siliceous sand (control as
as the
cause danmages onsites,
1 part by wei ght
bi nder ratio

nort ar,
5 Table 2 Control
= 0.32 Mrtar Al um nate binder

I nvention
= 0.37 24 cubes are produced from each of these

The chanmber volune is

about 1 nB ; tenperature is adjusted to 30C and rel ative hunidity kept
" bet ween abou 95 % and about 97 0% _ ln orderto-h P

concentrati ofiCoriteopas |i s i rhgeted o 4Bve y4§0
mn., a bact hbﬁjﬁglcal m H hS S _s to agceler
the corrosio é meng- : e
48 weeks ang | osses of| Weight {oss D042The 48sL
are shown in|{Table 3. 9 Table%§ Cont

Invention. | .- Age 40 | 48

Mortar " (weeks)

Weight loss | O 1 10 18 21 30
(%)

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

shown
nortar according to the present
Mor t ar
(prior "art) Siliceous sand 1.5 part by
1 part by weight

g accordlng to the invention, which confers to.the invention -

10

15

20

25

" mortar a loss of welght 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
ensuring an efficient adhesion on supports to 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
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,
humidity...) and is robust. Finally, the mixture, prepared

— — —+
n —o

n



Mortar (weeks) Weight loss 5 10 15 32 42 43 (% Invention. . Age 8 .16 24
32 40 48 Mortar (weeks) Weight loss 0 1 10 18 21 30 (9% 5 As can be seen
from Table 3, these results illustrate the excellent and surprising
performances of the invention nortar, and specially the remarkabl e effect
of the conbination alum nous binder-al um nous aggregate according, to
.thee invention, which confers to :the invention io nortar a | oss of weight
due to corrosion which is 30 %, smaller than the ane, achieved with a
control nortar@ceerdig éhci?’(ﬁ inyentien. Adsoa ?Wal%rwmﬁ‘?br ges not
advant glgeous rﬂuggﬂat’sp?gw thetmartar h??mmstamtss'en_mdmardenmdg. )
sprayabl e state i ensur n esipn S o be
rehabi litat ed. Nbreéﬁ@rg%thﬁqﬁi nhﬂﬁgﬁﬁouﬁtert&@%rgggs gge(}wét oqglr‘)’%ﬁ/ﬁBh one
hand t he abserformblatignegliowra afuickes ettinguiodtthen cantcrete: andothuas at
confers a suffici ; ] [ tar
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resi stance proybile ensuripgcasprglangeddife docthe restosedpsyMstemci d -
containing waters circulating in sewerage systens. Furthernore it is well
adapted to worksite conditions wth variable anbiences (tenperature, 25
‘hum dity...) and is robust. Finally, the mxture, prepared 10 according to
the invention, has a fluidity,  which does not



fl-uctuate, and the nortar has constant set and hardening. Altogether,
t hese performances of the invention formulation allow a quick setting of
the concrete and thus a 5 very rapid resjarting of the‘r‘ehabr—l—l—t—at-e,d\

sewerage system while ensuring a prolonged life to theml
1111111111112 1" LErerrrrrr €L MSs CLAIMS 1. Repair mﬂ" Iﬂﬂ WEIEM
shotcrete dry process conprising a calcium alum nate binder¢ conpxi
about 5 40 %to about 45 % by wei ght alum na, and an aggregate of an

appropri ate selected particle size, characterised in that said aggregate
is a calciumalumnate aggregate conp CiLAMMS first, aggregate portion al,

h ts s Eﬁeé d 1
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al a2 ratio ofcamprising alcaicumsr sdumidatelibigder,ccamprisiag rajaau&ut
096.1 %b t | oy 2
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to 1 % 4. mrAhaneRpieRsiate @%llerﬁtPQ)rP@rtﬂﬁlQ r@ﬂ%oﬁbﬁrﬁcﬁgnﬁﬁ | dAst

one.. internalthgtr %@FdT Qg‘yﬁégé‘ﬂa poeat d‘@l\dlﬂsm aludinatei ag &¢¢ than
about 900 pm 20 5. wherein said agent s

cTay 6. nbridompusingg a Jiesy addsedate] HBition 81 Baifhg o, draif,
that it'is dewiize of fraganaboddilt$vmmstohabout 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
welght of calcium alumina. :

3. Mortar according to claim 1 or 2 wherein the

15 calcium aluminate binder has an amount of C1, A7 superior
to 1 %.

4. Mortar according to claim 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



as- a hardener or accelerator. 25 7. oncrete conpositiom conpri-sthg-a
‘nortar ‘as defined in anyone of the preceding clai rein
bi:nder: aggregate ratio is about 1 :1.9 angd water: g‘mm', "mﬁ L’Hﬁ ut
0.37. 8. Concrete conposition obt ai nabl e by a process* 30 -con f

m xing a nortar, according to anyone of «clains 1 to 5 wth water wherein

about 8 %to about 10 WI % water, by weight of dry conponents of the

coneret e como i o dlifilhas oAMBTRIAG, HImGeL:  gBaiseord, Be g m
LEEEEE LT 11 'aggrdgate las 4defined dnuciaimednt abmu1|g3b9n\ﬂéT Yaiglay AS 5 W
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ol arma S on Reiel’ln’ SbRLE yithodtiout 3 W19 & ot OIAT! %
conponents of watejonbiyet welsfﬂon@65|dWon00mP0mnt§hoptfrgthee dlqpﬂﬁ&&s

maki ng use pf n.conposi tion according to anyone of clainms 6 to 8.
11. Shotcre? grogﬁg‘ra(r)s?%gs accordlag to claim9 fgr th.e ‘rehabilitation by
i g3

lining/relinin g of 14 hajeretR i REQEES8o MIKINGUSEH; a Ganoiele and
associ ated str¢@iipdsition according to anyone of claims 6 to 8.

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.



