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conposition conprising a calcium alum nate based binder and @rf any m te,
tosa concrete conposition prepared therefromand to the use thereof,
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notably by lining/relining, of sewerage and drainage systens, pipes,
manhol es, and associated structures. At regular intervals it is necessary
to rehabilitate pipes, manhol es and associated structures in sewerage i0
and drai nage systens.Th®&e me@emoad@cvemmnor dgehatesmt ter Arcimeatialy in

these pipes caussmpdgt r’P'cRﬂh n@gfd Yclim BURhAR pased hifgiessi ve

acids. Generally equi p I pes are nade of casf or concret
soneti mes opti G| ?l’boﬁggdeﬂlaﬁﬁ, atQ)rﬁt é‘.;qn%etﬁat@moaﬁl%cﬁraearrsﬂ

IR “oF 2 BTN (oo 58 W, oy BRSPS wenon
probl ems ar Pse PR % $wei Wgﬁ)én s%?%‘?ﬁ!@ ‘?rémanﬁych %’é’d)
lgazreaple pgsstlg\lmnlnglgeh?rlng a%fsrszéWerla geeaad dm'?ﬁg? %Bs‘ﬁ’%“s"mﬁs e
r at hergmad)é of ﬁggpogpg %}i‘ﬁ&%&;@lﬁggﬁ 8*'11"{(3!9?%% accumnul ati on chanbers,
manhol es are out of A:torrergularandterNMSferSmntﬁcmalfy eto rghadbiliteteecd
gﬂgcégsgg[r 3;' p nhép @EV eé§so%“§té@°§ﬂ@&t¥¥?§§elnzi‘éWIe?éﬁe
y fof” réh Ita se
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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generally of low cost, sinple to handle, allow recovering the initial
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10 transfer in function of the distance, the type of works toots
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 impbrtant 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.
In a shotcrete wet process a mixture is generally
firstly formed by mixing binder (cement), aggregate
(granulates, generally crystailine silica (siliceous) sand,
mixing water and additives. This mixture is then usually
25 displaced by a pump in a pipe towards a spraying nozzie
whereat an additive such as a setting accelerator is
generally added. The thus obtained mixture is sprayed from
the nozzle by means of compressed air onto the surface to
be concreted.
30 The known problems encountered in such a shotcrete
wet process, to name just a few, are the following :
e« mortar formulation must be in a pumpable
(flowable) and sprayable state while ensuring an
efficient adhesion to the surface to bhe concreted ;
35 premature setting often cause the mortar to block



projected nortar: A poor paste/aggregate binding is also 20 one of the
prerequi sites for good resistance to corrosion. In a shotcrete wet process
a.mxture is generally firstly formed by m xi ng binder (cenent), aggregate
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and additives. This m xture is then usually 25 displaced by a punp in a
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accelerator is generally added. The thus obtained m xture is sprayed from
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10 shotcrete wet process generally comprise a suitable,
generally calcium silicate based aggregate, bound by a
binder(cement). Conventional rapid hardening cements for
bonding aggregates include aluminous binders, generally
containing at least 30 % to 35 % alumina or Portland

15 cements, containing generally less than 5 % alumina.

According to the present inventors, no mortars
obtained by mixing such conventional binders and
aggregates have proven satisfactory to prepare a concrete
composition for use in a shotcrete wet process. '

20 Therefore applicant identified the need of an
improved mortar over the prior art mortars, a new concrete
composition prepared therefrom and a shotcrete dry
process making use thereof.

Accordingly, the main objects of the present

25 invention are to provide an improved mortar over the prior
art mortars, the concrete composition prepared therefrom
and uses thereof specially in a shotcrete wet process.

Thus the present invention relates in its first
aspect to a mortar comprising a mixture of a calcium

30 aluminate binder having more than about 40% by weight
alumina and an aggregate of appropriate grain size
characterised in that said aggregate is a calcium
aluminate aggregate having a grain size lower than
1.4 mm and at least about 35 % by weight of said mixture

35 presents a grain size smaller than about 100 pm.



bi nder (cenent). Conventional rapid hardening cenents for bonding
aggregates include alum nous binders, generally containing at |east 30 %
to 35 %alumna or Portland 15 cenents, containing generally less than 5 %
al um na. According to the present invent@grs, no nortars obtained by m xing
such conventional binders and aggregates have proven satisfactory to
prepare a concrete conposition for use in a shotcrete wet process. 20
Therefore applicant identified the need of an inproved nDrtar over the
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8 to aboutl040shedenate wet 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

15 fact for the preparation of a concrete to be used in a
shotcrete process whether by the dry or wet route, simply
because the latter require the formulation to be in a
sufficiently pumpable (flowable) state and 'still be able to
quickly set so as to be easily sprayed while ensuring an

20 efficient adhesion on the surface to be concreted.

In use, for example, in a shotcrete wet process, the
advantages of the invention formulation are, notably, the
following :

- all support neat surfaces are adhered to

25 - gain in thickness in a few runs

- cohesiveness is achieved in order to optimise

compactness and density of the finished layer.

The fact that both binder and aggregate of the
mortar according to the present invention are chemically

30 of the same nature improves the aggregate-binder bond
and thus the overall resistance to corrosion of the
material.

Moreover, the calcium aluminate binder of the
present invention contains low quantity of C42 A;. The

35 amount is less than 0,6 %. This avoids stiffening of the



5 After centrifuging, .this nortar is subjected to a drying at about 60C.
The centrifuge effect conbined to the drying ensures an adhesion of the
mortar to a cast or iron pipe. However, such a nortar is not at all suited
for ' the preparation of a concrete conposition to be used ina io0
shotcrete wet process and is inappropriate for use notably in the
rehabilitating of sewerage systens and associated structures already in
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- Mortar binder is obtainable by melting in a
reverbatory furnace, just like the so-called
FONDU?®, well known in the art.
- Mortar aggregate passes a sieve of about 1.4 mm.
15 - Mortar has about 97.7 % calcium aluminate.

- Mortar further comprises one or more additives

selected in the group consisting of leak resistance

- promoting agents, anti-shrinkage agents, internal

strength promoting - agents/anti-segregation
20 agents, and flowability promoting agents.

In another aspect the present invention relates to a
concrete composition wherein a binder and an aggregate,
as defined above, are present in a binder:aggregate ratio
of about 1:1.9 and wherein the water:binder ratio is about

25  0.37. '

In still another aspect, the present invention relates
to a concrete composition obtainable by a process
consisting of mixing a mortar, as defined above, with water
wherein about 14 % water, by weight of dry components of

30 the concrete composition, is added whereby a sufficiently
low content of Ci;A; phase is achieved. (standard
nomenclature in the art of high alumina cements: C=Ca0O ;
A=A'203).

In a further aspect the present invention relates to

35 a shotcrete wet process making use of a concrete



present invention contains |ow quantity of Cl2 A7. The 35 anount is |ess
than 0,6 % This avoids stiffening of the 5 nortar, to keep it punpable,
but is sufficient for its holding in place and where necessary, a
troweling in view of finishing the surf&ce. Further or alternatives
preferred features of the 5 nortar according to the invention are as
follows : - Mrtar binder has a Blaine specific surface area from about
2950 cn/ g to about 4600 cn?/g, preferably of about 4500 cn2/g. - Mrtar
bi nder has ab@@mpdsiHion weaght defined apbiave. -pnfarably nder i dhe
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conposition bi nder and an aggregate, as defined above, are
present in a“%ﬁﬁﬁb&J%g ggregate ratio of about 1:1.9 and wherein the

wat er: bi nder ratio is about 25 0.37. In still. another aspect, the present
invention rel ghesmple 1 : Preparation of a mortar according to the
10 invention

A calcium aluminate binder having about 53 % by
weight of alumina, namely Secar 51 sold by Lafarge
Aluminates is mixed with an aggregate of the same
mineralogy, so-called Alag® which is a calcium

15 aluminate clinker based granulate produced by Lafarge
Aluminates.

As a binder to include in a mortar according to the
present . invention, Secar 51® may be replaced by
Calcoat®, another type of calcium aluminate sold by

20 Lafarge Aluminates, the composition thereof equally
allows to achieve the same performances as Secar 51.
Secar 51 confers to the mortar a high resistance to
corrosion induced by the sulphuric acid contained in
waters circulating in the sewerage system. The life time

25 of the lining thus obtained is prolonged and repair
periods are limiied to a minimum.

The Alag® aggregate has a particle size, which
allows to incorporate a high level of fines in the
formulation and as an advantageous consequence the

30 formulation is easily pumped. Its mineralogy is pérfectly
suited to that of the binder, therefore adherence between
them is at best.

Polypropylene fibres are a means for limiting the
segregation and shrinkage phenomena.



to a concrete conpositi.on obtainable by a process consisting of mxing a
nortar, as defined above, wth water wherein about 14 % water, by weight
of- dry conmponents of 30 the concrete conposition, is added whereby a
sufficiently |ow content of Cl2A7 phase t7s achi eved. (standard

nonencl ature in the art of high alumna cenents: C=CaO A=A1203). In a
further aspect the present invention relates to 35 a shotcrete wet process
maki ng use of a concrete 6 conposition as defined above, preferably for the
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Alum nates, the conppsidy RSO  JEMSE! I¢ an anti-segregation agent
10 that also promotes pumping.
Slick Pack2 renders the formulation easier to pump.
The proportions (WT%) of the different components,
of the mortar according to the present invention,
including different additives, and the sieve sizes (grain
15 diameter &, in mm) of the aggregate (granulates) are
shown in Table 1.




allows to achieve the sane perfornmances as Secar 51. Secar 51 confers to
the nortar a high resistance to corrosion induced by the sul phuric acid
cantained in waters circulating in the sewerage system The life tinme 25
of the lining thus obtained is prolonged gnd repair periods are limted to
a mnimum The Alag(r) aggregate has a particle size, which allows to
incorporate a high level of fines in the formulation and as an

advant ageous consequence the 30 forrmulation is easily punped. Its
mneralogy is perfectly suited to that dfaphe ibi nder, therefore adherence
between themis at best. Polypropylene fibres are a neans for limting the
segregati on and-shrinkage phenonena—- -- —e---- 7 Fly ash pronptes
cohesi on of tlhe shotcrete and allows where appropriate to spray |ayerg of
a nore inporgﬁﬂh }hickness wi thout the risk ot collapsing of the
proj ected | ayer. § Trisodiumcitrate is a well {known water reducing
additive in t@Gecar 53f° al uminous cement: It pefnits to &hifrol the
wat er: bi nder {ratio to a punpable state of the jnortar and indirectly alfl ows
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1(c) that al g0 pronotes punping. Slick Pack2 rénders the fornul ation easier
to pump. Thegyamdsitesns (W% of the different conponents, of the nortar

according to %ngggt%ggq{4lﬁﬁﬁntlon, 64
Fibres
Polypropylene fibres, L=12 mm 0.2

Powder additives

Fly ash, Elkem 940 U 1.8
Redispersable polymer Elotex

WSA45

Other powder components by WT% K
of binder | 0.05

Trisodium citrate , 0.06
Methylcellulose J5MS Dow 0.01
Chemical

Slick Pak 1l Fritz-Pak Corporation

Example 2 . Shotcrete wet process according to the
5 invention.

To a formulation as obtained in Example 1,
incorporating the components in the form of a powder, is
added about 12 % to about 16 %, preferably about 14 %
diluting water by weight of dry components, which is

10 measured in a mixer. Said mixer is a concrete mixing
machine with open vessel or of the type with appropriately



including different additives, and the, sieve sizes (grain is dianmeter O,

in nmm of the aggregate (granulates) are shown in Table 1. 8 Table |
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Pol ypropyl ene fibres, L=12 mm 0.2 Powdergadditives Fly ash, El kem 940 U
1.8 Redispersable polyner Elotex 0.3 W5A45 O her powder conponents by W%
of binder 0.05 Trisodiumcitrate 0.06 Methylcellul ose J5M5 Dow 0.01
Chemical Slick Pak Il Fritz-Pak Corporation Exanple 2 : Shotcrete wet
process accor dsized bladess qwe/remhmh isocannecigdas dneasusingiwadern
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5 an additive pump. Usually this type of equipment is

available onsites and thus it allows to limit the operating
costs of such a process. The concrete pump is a commonly
used pump in the shotcrete wet process art and may be
one of so-called P11, P13 or P38 pump from the

10 Putzmeister company.

The shotcrete wet process comprises the steps

consisting of '
(i) mixing the flowable mortar, as obtained in
Example 1, with an amount of water

15 measured in the mixer ;

(ii) delivering the mixture to the loading hopper
of a concrete pump ;

(iii) pumping- the mixture through plpes to the
spraying nozzle ; -

20 (iv) injecting compressed air and additive into
said nozzle, in order to achieve the
spraying ; and -

(v) spraying until the desired layer thickness is
achieved.

25

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 conventional

30 aggregates, such as calcium silica or siliceous sand

(control mortar, as shown in Table 2), do not perform as
well as the mortar according to the present invention and
thus might cause damages onsites.

Moreover the invention formulation is of a reasonable

35 cost.
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Mortar Aluminate binder Calcoat® |1 part by weight
acc;'ording to |Alag® granulates 1.9 part by weight

the invention (Water:binder ratio = 0.37

5

10

15

24 cubes are produced from each of these mortars
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
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 tili 48
weeks and losses of weight thus obtained are compared.
The results are shown in Table 3.
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conprised of alum nous binders bl ended with conventional 30 aggregates,
such as calciumsilica or siliceous sand (control nortar, as shown in Table
2); do not performas well as the nortar according to the present

i nvention and thus m ght cause damages onsites. Mreover the invention
fornmulation is of a reasonable 35 cost. 10 Table 2 Control Al um nate

bi nder Calcoat(r) | part by weight Mortar (prior Siliceous sand 1.5 part
by weight art) Water:binder ratio = 0.32 Mrtar Al um nate binder
Calcoat(r) | part by weight according to Alag(r) granulates 1.9 part by
wei ght the invention Water: binder ratipgp|l@337 5 24 cubes are produced
fromeach of these nortars and are placed in a sinulation chanber where
they are kept_in an atmpsphere supplied with Hydrogen sulphyr gas. The

chamber vol unelCanggwiut 1 nﬁgetemaatprqas add4ist éd 82 39C4Mhd |r diBatfi ve
hum dity kept l@tw&?n ab l(t i 5{ % and| about {97 % In order |[to haye a
15-20 ppm H2S | MOAtRh r af AWEC gas_ils injedt eans of a 10
bottle. Every} 30 min., a\0asighti pl ®ical 10 xtjurelBs qprdRed |(Wh2Zh| 43
function is to accel erate 6% (g/ai;‘osi on| phenonena. Thd cubes|are régul arfl
wei ghed every B—weeks ti}1=7 15! weeksl-and-l-dsses—of fweight-thus—obtai-He
are conpared. ||fventésal ts ArgesthrBi N TdB e 3. 24 Tdbl 823 | 40 | 48

o<

Mortar (weeks)
Weight 0 1 10 18 21 30

loss (%)
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 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

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



Control Age 8 16 24 32 40 48 Mortar (weeks) Wight. 5 10 15 32 42 43 |oss
(% Invention Age 8 16 24 32 40 48 Mortar (weeks) Weight 0 1 10 18 21 30
loss (%9 s As can be seen from Table 3, these results illustrate the
excel'l ent and surprising performances of tpe invention nortar, and
specially the remarkabl e effect of the conbination al um nous
bi nder - al um nous aggregate according to the invention; which confers to
the invention 1o nortar a loss of weight due to corrosion which is 30 %
smal | er than t hacensdingi by dheninventom; has mrflvidityt which ahaiesf note
test period ThaRAGEYGRId Yhe b &R AR BRIk ANt ¥A%4AUNaldehiifo.

e state while 5e

invention is in punpable and spraya 1 nsuring an-.
efficient adhesion ofliagethers these perasmangesdalligw aveuicK melting,

anount of wat er of Shesefvehtion rvrRdr argl A0 Iahefe?asmm Pestaptiagabron of

the fornulation and on the other it confers. ,a sufflcient conpactfiess to
the nixture.3'su a??h‘%“g\ﬁgﬁ%\ﬂﬁ@egégﬁiﬁm Whilg I‘P@§H@Iﬂr$rﬁ_ igh .
mﬁcham cal resi l}gé\aéﬂlceafart;brrge_ﬂonsresism@é agge momstl@swaﬂeps,mﬂhhs' in
the presence o r I ipin ers,circulating in sewerage
systens. Furt hepﬁ’itbé%%d gh%él'ilde &g%ﬁeﬁe?@rﬁ I?Q’i%ttsm'condi tions with

vari abl e anbi ences (tenperature, 25 humdity...) and is robust. Finally,
the m xture, prepared. ' .



12 accord| ng to the invention, has a fluidity, which does not fluctuate,
and the nortar has constant set and hardening. Altogether, these

per formances all ow a quick setting of the inventi oanery
rapid restarting of 5 the rehabilitated sgwerage sy m!“ gﬁ!ﬁ@u
high Ievel of corrosion resistance due to waste wat 5“‘“& gi ng
the life of the restored system 13 1111 f L CLAIMS Repdir nortar for

use in a shotcrete wet process conprising a mxture of a cal cium alum nate
bi nder having nore than about 40% by ﬁé&ﬁhﬂ%l um na and an aggregate 5 of

appropriate grain sizeg I?Cﬁﬁfl‘té?dfdr“ UdBlinS @ Shctggetdait! ?Jr@c‘é%)sC' um

al-um nat e aggregate havi Ig(r ain I ze | ower t t |.east

about 35 % by GRINGKISING & MIXtHT &1k & SP&-QWsaE’@ﬂBPFPSbM%r UG han

?EOUL 300 Em rﬁ@gf\l tH‘éﬁta@boa?%%' Weighgi mulmmégantdt ani §@n aﬂeat
e bi nder has aine specific surface a m abo
about 4600 énP ﬁpﬂgrpégﬁfﬁ alfi@Nas3lFe ¢ rf% cgeq\ﬁﬁ ar r"ac

claim 2, whereigggtegaterdsraealiciam Eﬁiumlrﬁief’/tag:grﬂglaibt hafvinguai @Bﬂlm
Mortar accord %qué"'cb&?k;?h%& GRS, aRG BTkt Abgud a8 "W By Jhefgit 0, |
the binder is @ft smdbmmyraepres:gms] a gealn bsizer ymaller than about
100 um.
10 2. Mortar according to claim 1, characterised in that
the binder has a Blaine specific surface area from about
2950 cm?/g to about 4600 cm?/g, preferably about 4500
cm?/g. '
3. Mortar according to claim 2, wherein the binder has
15 about 53 % by weight of alumina.
4. Mortar according to claim 3, wherein the binder has
an amount of Cq; A7 less than 0,6 %. '
' ~ 5. Mortar accordmg to anyone of claims 1 to 3,
wherein the binder is obtainable by meltmg in a reverbatory
20 furnace,
6. Mortar according to anyone of claims 1 to 4, having
about 97.7 % calcium aluminate.
7. Mortar according to anyone of claims 1 to 5, further
comprising one or more additives selected in the group
25 consisting of leak resistance promoting agents, anti-
schrinkage agents, internal strength promoting agents/anti-
segregation agents, and flowability promoting agents.
8. Concrete composition comprised of a mortar, as
defined in anyone of the preceding claims, having a
30 binder:aggregate ratio of about 1:1.9 and wherein the
water:binder ratio is about 0.37. |
9. Concrete composition obtainable by a process
consisting of mixing a mortar having about 33.7 WT % of
an about 53 WT % alumina containing binder, about 64
35 WT % aggregate, and about 2.3 WT % of one or more



2U furnace. 6. Mortar according to anyone of clains | to 4, having about
97. 7% % calciumalumnate. 7. Mdirtar according to anyone of clainms | to 5,
further conprising one or nore additives selected in the group 25

consi sting of leak resistance pronoting agents, anti schrinkage agents,
internal strength pronoting agents/anti- segregation agents, and
flowability pronoting agents. 8. Concrete conposition conprised of a
nortar, as defined in anyone of the preceding clains, having a 30

bi nder : aggr egab@dnwes ofs abelihetd inclkaieh vlieneith wiadervwatheareinnaboutati o

of mixing a moder RBGPnavatior b, WaiahY, Cof BT . RrfeBIRIRES, of 1R O

cont ai ni ng bi n¢gencreieutoip@Sitilin % aggr egat e, and about 2.3 WI % of one or

nore 14 additives as((gfeébg’ﬁg %@n&%ﬂa@c*é %Wl Wgeer %f”aa%ﬁcre]té W%

wat er, by wei ght of concre conp05|t|on
Shotcrete wet mocmpwrham agcofdlrmg te elaienot T 8. conposition accordl ng to

claim7 or 8 11. “SRbtcrefe @gﬁ?écé%%éba%r tbacRif @rof fthe

rehabilitation b I|n|n n rai nage t ens i pes,
manhol es, and i@é&hlhﬁ@goﬁ Rt U%'é& r@ [Hng Jor sewerage ‘and dramage’

systems, pipes, manholes, and associated structures.
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