1 - | CEMENT441 OUS COVPOSI TI ON AND MAKI NG SoNGEREY -+
THEREFROM:  Field of the invention The present inventi oRTM¥ /g ego?? a
cenmentitious conposition suitable for applications requiring high inpac
rest stance and extrenely rapid setting and strength devel opnment - such as
tidal zone concreting where resistance td e.g., ship inpact is required or
coating the weld area between joined | engths of steel piping to be laid

under water - and to a nethod of 0 Loncrete from such
i QS e i O Gkl

a cementitious conpositiSHRIENEL A to e h Steel pipes

| ai d underwater, particu aNCgETB THEREEROMare currently used for carrying
oi | obtained fron1nar|ne oil wells or for carrying other |iquids and gases.
.These pi pes, which typically have outside dianeters of from 12 inches (30.5

b

L»n

cm. to 48 i nEhedd(ef1thecinventdonanuf actured in sections, generally 40
foot (12.2m I engifs, é@@eﬁfcela%%&bhyrlalla\tb@e%oWat Ee&terrﬂjll‘lﬁ%fsi‘d concrete
coating. The functlon 0 re-formed gqncrete coatin he steel pipes
i s mot so nu@ﬁmPGSﬁFéPécPuﬂﬁégﬂﬁrgﬁFbGPP q&ﬁﬁﬂﬁshE@qWHg ping is

pL ovi dedbvv'dt fmp h&towasq@tlaweoannr ettricmel)y mgm mtghmjuarm psﬁsremgmh ﬁn
t he sea- be r ot ect ai ch as m ght
be caused by 3"8 P g t|s sgq-'}rd%q z?ﬁ]n Eeen egﬁﬁgﬁ.{ el?]t hat a pi pe
joint may reresistamcenter,agsd.fi \ﬁé‘llsudmnathlt% reetined X SqRising
lifetime of Lhg RlAY 'areabqw% lm@r@ﬁ@ﬁsasﬁs@@pdpi hes . bd 0
forma pipeline on a so- cal "Ia bar ge" "and the uncoated area

laid under water - and to a method of producing a

reinforced concrete from such a cementitious composition.

Background to the invention

Steel pipes laid underwater, particularly in the sea,

are currently used for carrying oil obtained from marine

oil wells or for carrying other liquids and gases. These
pipes, which typically have outside diameters of from 12
inches'(36.5 cm) to 48 inches (121.9 cm), are manufactured
in sections, generally 40 foot (12.2m) lengths, and are
generally provided with a reinforced concrete coating.

The function of the pre-formed concrete_coating on the
éteel pipes is not so much to protect them from corrosion
(since the steel piping is provided with its own corrqéion
-:rotection) as to weigh the pipes down on the sea-bed and
to protect the pipes against impact damage, such as might
be caused by a colliding trawler board. It has been
estimated that a pipe joint may receive, on average, five
such impacts during the expected lifetime of the pipe.

Thé sections of pipe are welded together, to form.a
pipeline, on a so-called "lay barge" and the uncoated area
is protectéd by the application of either a marine mastic
asphalt or a resin-based composition. In general, the
procedure on the iay barge comprises the steps of welding
together two lengths of pipe; conducting an X-ray
inspection of the weld; placing a mould around the welded
joint; filling the mould with the protective material; if
appropriate, stripping off the mould° and pa551ng the
welded pipe over the "stinger" (a dev1ce comprising
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during Opera%&Oced in reusable moulds that can be removed about 10
minutes after filling but give rise to environmental
disadvantages: in particular, one of the starting
materials contains isocyanate and must not be allowed to
go overboard. Furthermore, the mixing and placing
equipment used with the resin-based systems has to be
flushed with solvents after each moulding operation,
thereby giving rise to additional environmental and
explosion risks as well as inconvenience during
operations.

In order to improve operational efficiency, and to
reduce the hazards associated with the prior art, it would
be desirable to employ a protective material that fulfils
the following requirements, namely a material that does
_not require heating to elevated temperatures; that does
not entail the use of large quantities of toxic resins or
flammable solvents; that can be placed readily in a mould
and that allows the mould to be stripped off within a
period of about 6 minutes; that attains sufficient
flexural and compressive strength within about 10 minutes
after the filling of the mould to be passed over the
stinger; and that attains a sufficient strength to
withstand an impact test as used by the Corrosion and
Protection Centre Industrial Service (CAPCIS) at the
University of Manchester Institute of Science and
Technology (UMIST), which test involves an impact with a
swung 2.68 tonne chisel-ended weight at 7 knots (13 km/h).
2.68.tonnes is the current maximum weight of a trawler
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joint still hot (typically 110°-120°C) from the welding
operation followed by immersion shortly afterwards in cold
seawater (typically 5°C): conventional concrete subjected
to such a thermal shock would be expected to undergo
multiple cracking and to lose quickly .-its integrity.

The concrete should exhibit shrinkage properties
compatible with those of the freshly welded steel pipe,
which will cool quickly upon entry into the sea;
furthermore the concrete should be dimensionally stable
despite immersion in seawater. .

US-A-4,377,977 (Wurster) discloses a moldable,
uniform mixture éomprising 120-190 parts by weight of
silica sand aggregate, 40-65 parts of metal fibre, in
particular steel fibre, 80-175 parts of an expansive
cement containing a Portland Cement and an expansive
component, and 30-75 parts of water, said mixture having a
slump of about 5.5 to about 6.5 inches (140-165 mm). The
concrete obtained upon curing the said mixture can
withstand an attack with an acetylene torch without
flaking, spalling or exploding and is also resistant to
attack with a hammer, chisel, drill or Cutting implement;
the said concrete is therefore suitable for incorporation
in a safe or vault structure. Other materials, such as
granite chips or a combination of latex binder and glass
fibre may also be included in order to improve impact |
resistance. The said expansive component must be present
in an amount that is at least sufficient to compensate for
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The characteristics exhibited by the concrete mixes

disclosed by Wurster render them unsuitable for the
preferred use of the compositions of the present
invention. Thus, Wurster's compositions are required to
have the stated slump values in order to ensure that the
mouldable mixture can be vibrated into various cavities
and interstices of the safe cavity (US-A-4,377,977, column
7, lines 7-10 and 18-33); such characteristics would be
unsuitable for coating the weld areas of steel piping to
be laid in the sea, where demoulding has to be effected
within a very short span of time. Furthermore, Wurster's
compositions undergo an expansive reaction in the first
few days of concrete curing (US-A-4,377,977, column 6,
lines 47-48); however, such expansion in a pipe weld
coating could cause separation of that coating from the
steel piping (which would have contracted upon cooling)
thereby considerably weakening the whole structure and
reducing the corrosion resistance.

Summary of the invention

The present invention provides a cementitious )
composition which comprises (a) a ground sulfoaluminous
cement clinker; (b) a grouﬁd Portland cement clinker; (c)
calcium sulfate; (d) aggregate; and (e) metal fibre.
Usually, the composition will also comprise (f) a
plasticiser and/or (g) a setting and/or hardening
accelerator for the cementitious components and/or (h) a
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set-controlling agent.
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[err] By "sulfoaluminous cement clinker" in the context of
component (a) there is meant any mineral clinker that
comprises the phase 4Ca0.3Al1,0,.50,, which is known as
Klein's compound and which may also be represented by
3Ca0.3A1,0,.CaS0, or C,A,§. Certain clinkers containing
Klein's éompound, their production and their use as
expansive agents in Portland cement compositions are
known: see US-A-3,155,526 (Klein), US-A-3,251,701 (Klein),

. US-A-3,857,714 (Mehta) and US-A-4,419,136 (Rice), the
teaching in which United States patents is incorporated
herein by reference.

The expansion and shrinkage-compensating properties
of the sulfoaluminous clinkers described in the aforesaid
U.S. patents are due to excess free lime and free calcium
sulfate. However, such properties are not desirable in
coatings for welded pipe joints; in fact, it seems
desirable for controlled shrinkage to occur in order to

- accommodate the contraction of the steel pipe as it cools
after welding. Accordingly, the preferred sulfoaluminous
clinkers for use in the present invention are those '
containing at least 15% by weight of C,A,E, 0 to 6% by



4a s to 4 parts by weight, per part by weight of conponent (a), of
f'i ne aggregate*and 4 to 8 parts by weight, per part by wei ght of
conponent (a), of coarse, aggregate; and (e) ferrous netal fibre in an
anmount of 1 to 5% by weight of 5 the tota conposition on a dry wei ght
basis. Usually, the conposition will also conprise (f) a plasticiser
and/ or (g) a setting and/or hardeni ng accel erator for the
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phase. In principle, silica, Sloz,~cou1d be absent from
the mineral clinker but in practice some will usually be
present due to impurities in the raw materials from which
the clinker is manufactured. Any SiO, in the clinker
should preferably be combined to form 2Ca0.Al1,05.5i0,
(C,AS) and/or 2Ca0.SiOz(Czs). Preferably, the clinker
contains less than 10% by weight of Sio2 (corresponding to
a content of less than 45.6% by weight of C,AS), more
preferably less than 5% by weight of $i0,. To obtain
maximum control with regard to the free lime and the
calcium sulfate it is preferred to use sulfoaluminous
clinkers and a method for their production as described in
EP-A-0,181,739, the téaéhing in which European patént
specification is incorporated herein by reference.

The preferred sulfoaluminous clinkers contain at
least 25%, but usually not more than 85%, by weight of
C,A,S. The particularly preferred amounts of that phase
are in the range from 35 to 68% by weight of the
sulfoaluminous clinker.

It is also preferred that the sulfoaluminous clinker
should contain less than 20% by weight of CA; less than
1%, more preferably less than 0.5% and especially less
than 0.2%, of free lime; less than 5% by weight of C,5A,
and less than 4.1%, especially less than 1%, by weight of
a Caso, phase. It is also preferred that in the
sulfoaluminous clinker the content of CA, should be less
than 5% by weight and the content of C,AF should not be
over 5% weight.

It will be understood, of course, that the

- sulfoaluminous clinker may also contain a small amount of
other components, eqg. anos, ons' MgO, Kzo, Na20 and loss
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A suitable sulfoaluminous clinker is available

commercially in a ground form from Messrs. Blue Circle
Industries Plc. under the trade name "Rockfast"
(previously available under the trade name "Calumex").

In the absence of lime and calcium sulfate, C4A48 has
been shown to be only very weakly hydraulic. However, in
the presence of lime and calcium sulfate the C,A,8 reacts
rapidly to form ettringite.

In accordance with the present 1nventlon, a Portland
cement clinker (b) is used as a source of lime (Ca0) and
to produce the essential calcium silicate hydrates to form
'the durable concrete structure necessary for this
invention. Although a Portland cement clinker of normal
fineness can be used, it is preferred to employ a clinker
that has been ground to a fineness equivalent to a
specific surface of at least'400m2/kg. More preferably,
the ground Portland cement clinker has a fineness
equivalent to a specific surface of at least 450m2/kg up
to'550m2/kg or even higher. Thus, cement clinkers, such
as those known under the trade name "Microcem", that have
a fineness equivalent to a specific surface of 450 + 25
mz/kg up to 1,000 mz/kg will certainly come into
consideration (although at the higher levels of fineness,
it may be difficult to produce commercial quantities in an
econonical manner). Where Portland cement clinker of
normal fineness iS'empioyed it is generally then necessary
to use higher quantities of calcium sulfoaluminate
clinker.

Preférred Portland cement clinkers for use in the
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_ Commercially available calcium sulfoaluminate clinker
may contain calcium sulfate in the form of an anhydrite
phase or a calcium langbeinite phase (it being possible

for such phases to be "burned into" the clinker) and this
may be used as the source of at least some, and possibly
all, of the calcium sulfate (c) although it is not the
preferred means of incorporating that material. It is
preferred that at least 50% by weight, and particularly
preferably all, of the calcium sulfate should be in the

form of anhydrite, especially B-anhydrite; the remainder
when added may be in the form of gypsum, soluble anhydrite
or plaster. Preferably, the calcium sulfate is ground-to

a particle size of less than 250um.

'Commercially available Portland cements may confain
calcium langbeinite and/or an addition of gypsum and these
too may be used as the source of at least some of the
calcium sulfate.

Typically, the present cementitious compositions
contain from 0.25 to 0.5 parts by weight of component (c)
to 1 part by weight of component (a), aliowance to be
made, of course, for any calcium sulfate within the
sulfoaluminous clinker. )

The compositions of this invention may contain as
component (d) both a fine aggregate and a coarse
aggregate. A suitable fine aggregate is siliceous sand,
as conventionally used in concrete compositions. The
coarse aggregate must be of a sufficient hardness to meet
the impact resistance requirements and particulate
siliceous aggregate has been found to be particularly
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kg/m~. Barlum sulfate may also be considered as a high

density coarse aggregate. These high density aggregates
can, of course, be used in conjunction with granite and
the like.

As a guide, the coarse aggregate, if not granite,
preferably has a specific gravity at least comparable to
that of granite, e.g. 2.55 - 2.65 or higher. Similarly,
the coarse aggregate, if not iron oxide, preferably has a
Moh's hardness at least comparable to that of.natural iron
oxide mineral, e.g. 5 - 6.5 or higher.

j =

Typically, the present compositions contain from 1 to
4 parts by weight of fine aggregate and from 4 to 8 parts
by weight of coarse aggregate per part of component (a).

The compositions of the present invention are

fibre-reinforced. The metal fibre (e) must be of
sufficient strength to meet the impact resistance
requirements and not be prone to excessive corrosion when
embedded in mix according to the invention over the normal
life of the pipeline. In general, ferrous metal fibres
are used; stainless steels and low carbon steels have been
found to be particularly suitable. Preferably, the
average metal fibre length is greater than the maximum
particle size of the aggregate; typically fibre lengths of
15 to 45mm may be used and a length of 25mm has been found
to be particularly suitable. The aspect ratio of the
fibres and indeed their shape can be varied widely: thus,
for example, straight, hooked or crimped fibres come into



typically, the fine aggregate is in the size range 90 to 5 1000 m crons
¢0.09-to0 1.0mm) and the coarse aggregate 1 to 10mm This type of

aggregate will give a concrete with a typi cal bul k density of 2300
kg/{err]. For submersible pi pel i nes Qpre can be a requirenent for a

hi gher density inf ill. In this case, 1nert iron oxide aggregate in the
10 size range 1 to 6nm has been found to.be suitable to produce a
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decreasing the water requirement, also permit the
production of concrete having increased density and
. increased resistance to corrosion.Any plasticiser known in
the art may be considered for use in the invention'but
superplasticisers are particularly preferred, e.g. those
selected from sulfonated melamine formaldehyde
condensates, sulfonated naphthalene formaldehyde
condensates, modified lignosulfonates, sulfonic acid
esters and sulfonated polystyrene. The plasticiser is
usually used in an amount of from 0.25 to 1% by weight
relative to the total composition (dry basis).

Preferred hardening and/or setting accelerators (g)
are the salts, e.g. the carbonates, of the alkali metals,
in particular sodium, potassium and especially lithium.
Similarly to the calcium sulfate these salts may be burned
into the calcium sulfoaluminate clinker in a quantity up
to 5% and most preferably up to 2% (by weight of the total
composition on a dry basis), thus obviating the need for a
separate addition. . It is normally preferred, however, to
add these materials to the mix during mixing to give
maximum control of the setting and hardening processes.
These materials have the useful property of remaining
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between 0.1 to 0.2% (by weight of the total composltlon on
" a dry basis). |

It will be.understood, of course, that any of the
components (a) to (h) may be constituted by a mixture of
materials of the appropriate description.

The compositions may include other components,
provided that the ability of the composition to meet the
above-discussed requirements is not impaired. Optional
components that may come into consideration include alkali
metal sulfates (to promote the formation of ettringite)
and extenders, for example silica fume and such hydraulic
extenders as pulve;ised fly ash, ground granulated blast-
furnace slag and pozzolanic materials (which hydraulic
extenders may act, after the initial hydration of the main
cementitious components, to remove by reaction any '
remaining free lime). Silica fume has the additional
advantage of acting as a densifying agent to assist in the
prevention of the passage of corrosive salts into the
concrete. i

The compositions of the present invention are
generally provided as dry compositions, which are mixed
with water on site. The present compositions are
surprisingly effective, despite the intended offshore
wprking conditions, and a further advantage is that sea
water may be used for gauging. Thus, for example, if the
initially required placed tonnage were 75,000t, one could
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sul f oal um nous cli nker. The conpositions of this invention contain

as « conponent (d) both a fine aggregate and a coarse aggregate. A
suitable fine aggregate is siliceous sand, 35 as conventionally used in
concrete conpositions. The coarse aggyegate nust be of a sufficient
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joint within 2 minutes without undue inconvenience, such a
rate being considered important for efficient operations.

The pipe welds will commonly have the corrosion
protection applied soon after welding and the coating of
the present invention will then be applied, normally
whilst the pipe join is still at a high temperature,
typically 110-120°C. It is surprising that the
compositions of the present invention can be used
successfully under such circumstances, particularly when
it is remembered that the hydration of cement also
produces heat, and the quicker and more rapid the
hydration, and hence development of strength, the greater
is the heat output. The use of a rapid setting cement
génerating such heat and which has been placed on a hot
pipe and then passed within a short period of time into
very cold water is one of the worst examples of thermal
shock that might be encountered in practice. However, the
present method can also be successfully applied when the
pipes have cooled down, as may occur when work is
interrupted. It may be found to be advantageous to heat
the gauging water to about 20-35°C before it is mixed with
the dry composition. _

It is surprising that a cementitious composition can
be used to fulfil the requirements of this invention
inclﬁding the production of a smooth and strong moulding
with conventional equipment. The production of a smooth
moulding is desirable to prevent the snagging of fishing



conponents that may come into consideration include alkali met al
sulfates (to pronote the formation of ettringite) and extenders, for
exanpl e silica fume and such hydraulic extenders as pul verised fly ash,
ground granulated blast- 25 furnace sl agand pozzol anic naterials (which
hydraul i c extenders may act, after the initial hydration of the main
cenentitious conponents, to renove by reaction any remaining free |line).
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fibres discussedn
not posslble_to measure a slump value. Accordingly, it is

appropriate to mix the gauging water wifh the dry-
compoéitioﬁs as close to the mould as possible;ﬁ
Shotcreting allows the last moment mixing of cement and
water but essential to that particular application is the
unusual but known feature of utilising a cyclone to
eliminate the air from the mix. Air is usually eliminated
in shotcreting when the mix hits the open, hard surface
but the unconventional use of shotcreting ‘into a closed
mould necessitates this feature. The production of dust
can be a problem with shotcreting and an alternative
system entails the feeding of the dry composition from a
hopper, by means of a screw feeder, into a pipe directed
to the entry port of the meld. In this embodiment and in
the shotcreting embodiment, the water is advantageously
introduced under pressure through an annulus fitted to the
delivery pipe just prior to discharge into the mould.

The dimension of the mould will depend upon the size
of the pipe, the thickness of the. preformed concrete
coating (since the coating on the welded area should
ideally joint smoothly to the preformed coating) and the
length of pipe exposed for welding. Typically the coating
is up to 6 inches (15.25 cm) thick in the radial direction
and the exposed length to be coated by means of the
present invention is typically about 3 feet (0.915 m).

In order to prevent voids in the concrete that could
give rise to weaknesses in the product, it is generally



It has been found that the incorporation of a plasticiser (f) in order to
all ow.a reduction in water requirenent and thereby produce concrete
conpositions of high strengths is essential where extrenely rapid setting
and‘ hardening is required and is preferably incorporated in other
applications of this invention. Plasticisers, by decreasing the water
requi rement, also permt the production of concrete having increased
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of remai ning
setting, was prepared by thoroughly m1x1ng together the

following ingredients.

% by weight

Rapid Hardening Portland Cement (1) 34.470
Ground sulfoaluminous clinker (2) (5) 16.114
Anhydrite 5.390
Sand _ : 42.020
Melment F10 Superplasticiser (3) 1.690
Lithium carbonate 0.290
Citric acid (4) (5) ' 0.026
' 100.

Notes. (1): fineness of about 450 mz/kg.

(2): produced in accordance with the teaching in
EP-A-0,181,739.

(3): based on a melamine—formaldeh&de resin and
marketed by Siliddeutsche Kalkstickstoff-Werke AG.

; ("Melment" is a trade mark.) |

(4): as set control agent.

(5): the ground sulfoaluminous clinker and citric
acid being supplied together in the form of the product
Rockfast 450 (trade mark) marketed by Blue Circle
Industries. Plc.

A dry cementitious composition was prepared by
thoroughly blending together the following:

kg
Base mix _ 500



inactive during the first few mnutes after mixing thus al l owi ng the set
cbntrolllng and plasticising agents to exert their desired action and

t hen overiding these effects once the setting and hardeni ng processes
conmence. 5 The conpositions of thigsinvention will preferably
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further adva t wat er may be used for gauging. Thus, for
exanpl e, e%agﬂlhgnﬁp?af%ﬁﬁreﬁﬁ ‘red placed tonnage were 75,000t, one

coul-d Example 2 :
A dry cementitious composition was prepared by mixing
thoroughly the following components:

Base mix (as in Example 1) 48.5% wt.
Granite aggregate (10 mm) 48.5% wt.
~Stainless steel fibres (25 mm) 3.0% wt.

The above composition was gauged with water that had
been preheated to 20°C. The gauged mixture was subjected
to high shear in a Hobart (trade mark) mixer for 1 minute
and was then placed in moulds that had been preheated to
50°C in order to simulate weld joint temperatures. The

~ specimens were demoulded after five minutes had elapsed
and were immersed in water after 10 minutes had elapsed.

Tests were carried out using an addition of water of
11.65% by weight relative to the dry cementitious
composition. This rate of addition was considered optimum
but further tests were conducted using amounts of water
either one-tenth less or one-tenth more than the optimum,
in order to investigate the tolerance of the cdmposition
to variations in the amount of water added.

Two series of tests were carried out, using tap water



12 . supply 7,000t of this as water on site, since the gaugi ng water does
not need t‘'o bershi pped out. Furthernore, sea water .can be used to flush out
the m xi ng and pl aci ng equi pnent. The anount of water added for the
conpositions should not, of course, be t little or too nmuch. However,
determ ning an appropriate amount shoul d”be well wi thin the conpetence of
the skilled person and, as shown hereinafter, the present conpositions are
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P '- upon drying in air, in order to provide an indicétion of -
the ability of the resultant concrete to maintain an
integral join with existing concrete in such applications
"as the protection of weld areas in concrete-coated steel
pipes. The results are summarised in Table II hereinafter '
from which it will be seen that a satisfactory

compensation for shrlnkage was obtained.

Example 3

A number of formulations, as described below, were

prepared and were cast into slab samples having dimensions
of 10 inches (25.4 cm) x 10 inches (25.4 cm) X 2 inches
(5.08 cm). The formulations contained, variously, either
no aggregate or an aggregate selected from Prodorite

Filler (iron oxide), 1-5 mm granite aggregate or 5 mm blue
~limestone. Furthermore, the formulations contained,
variously, either no fibre or a fibre selected from 25 mm
stainless steel ("S/S") fibre or 12 mm polypropylene

("P/P") fibre. In all cases, the "base mix" was as
described in Example 1.

Sample 1. Base mix - 5.22 kg
Prodorite Filler 2.78 kg
Water 0.932 kg
Sample 2. Base mix 5.22 kg
Prodorite Filler 2.78 kg
25 mm S/S Fibre 0.24 kg

Water 0.984 kg



present nethod can al so be successfully applied when the pipes have cool ed
down, as mhy occur when work is interrupted. It may be found to be

advant ageous to heat the gauging water to about [err] before it is m xed
w th the dry conposition. It is sunprising that a cenentitious
conposition can be used to fulfil the requirenents of this invention

i ncl udi ng the production of a snoboth and strong noul ding with conventi onal
equi pnent. The production of a snpboth noulding is desirable to prevent the
snaggi ng of f,ishing . _ 13 lines or the
like and to 3PFEAS Re BRFS%Urbed passage of 4 %endd carri age along the
surface of the pipelind1-Bwan)praxsgride Fgdhe 4§ibreKdhas not been found to
give rise to a probl emGfusWffGe dyd egul aritd es Afyadditional advantage
over other jointing materrals Iis that a cementitious systemfacilitates the
production of a nonoli Wa%Mond with the exi TP Khcrete coating; indeed
a test carri edpple 30 v HEFudid®resla®utsd ngetshovwed that the coating
fractured preferentially at the existing coating rather than at the joint.
The present conpositions set so rapidly that it is not possible to neasure
a slunp val usampAecordiBage ,mix is appropri até.9o0 nkg the gaugi ng water
with the dry conpositions_ I t nouj ds as ssi ble. Shotcreting
allows the | ast noment G?%?ﬁbfdgéf%%gﬁtﬂg%a mgf%r BE essential to that
particul ar application 2%mmhe/SntibE® but kno®m2feakdre of utilising a

cyclone to elimnate thgaedfy fromthe mx. Aip.yssuggal |y elim nated

Sample 5. Base mix 4.00 kg
1-5mm Granite Agg. 4.00 kg
25mm S/S Fibre 0.4 kg
Water ' 0.78 kg

Sample 6. Base mix 4.00 kg
Smm Blue Limestone 4.00 kg
25mm S/S Fibre 0.24 kg
Water 0.8 kg

.Sample 7. Base mix 4.00 kg

| Smm Granite Agg. 4.00 kg
25mm S/S Fibre 0.24 kg
Water 0.785 kg

Sample 8. Base mix " 4.00 kg
1-5mm Granite Agg. 4.00 kg
12mm P/P Fibre 0.04 .kg
Water 1.07 kg

Sample 8 proved to be difficult to mix and place.

These samples were sealed in plastic bags, stored at
ambient temperature and employed for impact testing after
20-22 hours.

Testing was conducted on the Yarsley Falling Weight
Impact Tester (the CAPCIS test being inappropriate for



I n shotcreting when the mx hits the open, hard surface but the
unconventi‘onal *use of shotcreting into a closed nould necessitates this
feature. The production of dust can be a problemw th shotcreting and an

al ternative systementails the feeding ofgthe dry conposition froma
hopper, by neans of a screw feeder, into a pipe directed to the entry port
of the nold. In this enbodinent and in the shotcreting enbodi nent, the

wat er i s adviabagabosyyscaleotdaesedngnder EarhAssamplehwasghindeiandyl us fitted

to the delivery:Ri j ust . pLk 0.4l arge.int I The

di mensi on ofg?%égégnggad?Igégé%%dlﬂ %%Qtﬁg E?geQS%@?ﬁgggigg? t he thickness
of the prefospedimencrwithcthei fgliswapg resudssti ng on the wel ded area
should ideally joint smoothly to the preforned coating) and the | ength of

pi pe exposed for melding. Typically the coating is up to 6 inches (15.25
cm thick i nSaRRIRadal éﬂPﬁ@tFSﬁc g9 eRE BxpkEeg Veryt brigtde-coated by
nmeans of the present invention is typically about 3 feet (0.915 m.

I nzorder to revgnt voigds in_t e.cgncre e_t%gt c%ykg ggive rise to
weaknesses i R ep?Odu maiped 1pkegral ¢ no crackin

14 I nportant to ensure that air is not trapped in the nould during
filling. Thi bg ac l:i.she 3r at QN ool It JsSaApPpropriate to
vibrate the %%ﬁ?éewﬁén %%ggﬁhga %g%§g¥g?hs 5§P3%§%[|§§H aﬁgéﬁf al though in
other applications of fil‘?@lﬁr:géﬂﬁt Wm%&@@%e fofitess g.
vibration rods, may be weR@ilAyidiieat® HigHwater addilbli®mlr esent invention
Is illustrated in and by the ol l owi ng exanples. In these, vibration was
enpl oyed, as .

Sample 4. Integral - no cracking.

Sample 5. Integral - no cracking.

Sample 6. Integral - no cracking - high deflection,
relatively soft.

Sample 7. Integral - no cracking.

Sample 8. Integral - no cracking - high deflection,
reiatively soft.

Samples 2, 4 and 8 were then subjected to four
further impacts radially from the initial centre impact.
Sample 2 showed no distress, sample 4 exhibited hair-line
cracks, and sample 8 exhibited 1 hair-line crack.

Then each sample was subjected to further impacts in
the centre. Sample 2 showed 1 transverse crack after 6
impacts but remained integral owing to steel fibre
bonding. Sample 4 showed 3 cracks after 6 impacts but
remained integral owing to fibre bonding. Sample 8 showed
1 crack after 3 impacts and the chisel had fully
penetrated the specimen.

It was concluded that a 3% by wt. stainless steel
fibre addition improved impact performance and allowed the
specimens to remain integral after failure (an important



di scussed above, to avoid trapping air in the noulds. Exanple 1 A
base m x, opt|ﬁ1sed for strength and speed of setting, was prepared by
thoroughly m xi ng together the follow ng ingredients.

% by wei ght Rapi d Hardening Portl ang Cenent (1) 34. 470
G ound sul foal um nous clinker (2) (5) 16.114 Anhydrite
5. 390 Sand 42. 020 Mel ment F10

Super pl asti césEterBdn in fie1d6ﬁérformanbb0hiumheaPhoﬂ@tdte (iron

0. 290 4 5

100. Notes 8%% éff?%%ggés%gé Bgﬁflﬁgotf Frﬁpﬁte as a%%@egfff' pro&hced I n
accor dance wslhethemﬁétenangggﬁegEPEAwa51g§gay§ed as too sofit; pased on a
mel am ne- forgﬂnﬂ@ﬁi‘ﬁ!? {:ﬁé' (sanes %rlly%&%‘i‘)ﬁléx{eerfrﬂbr'@ Y darted e Wrtke AG

("Melment” is a {rade mark.) 7 as set control agent.
(5): the groﬂﬂﬁréﬁrfoalun1nous clinker and citric acid being supplied
together in thempdemiof the product Rockfast 450 (trade mark) narketed by

orepared byt hor BABREy SRR SHARASTE S G e Bragading'

500 Example were prepared from a mix compr1s1ng 4 kg of the
base mix described in Example 1, 4 kg of FLINTAG aggregate
(1-6mm f£lint) and 0.8 kg water, into which mixture was
incorporated a variable amount of stainless steel fibre
(25mm) .

The slabs were subjected to impact testing, following
the regime of 1 impact in the'centre, 4 radial impacts
followed by further impacts in the centre either to a
maximum of 5 such impacts or until the slab was punched
through. )

The slabs comprising stainless steel fibre in an
amount of 3%, 2.5%, 2.0% or 1.5% (by weight of the total
composition on a dry basis), although showing cracks,

" remained integral even when punched through. A slab
containing only 1% stainless steel fibre, however, showed
cracks across and through the slab after the first radial
impact which widened with subsequent impacts, the slab
breaking into 3 pieces upon the next centre impact.
Example S

Slabs were prepared from a mixture comprising 4 kg of '
the base mix described in Example 1, 4 kg of aggregate and
0.8 kg water, into which wet mixture was incorporated 3%
(by weight of the total composition on a dry basis) of
stainless steel fibre (25mm). Two series of tests were
carried out using, respectively, 6mm granite or 10mm
granite as the aggregate. '

' The slabs were subjected to an impact testing regime
as described in the preceding Example.

Both types of slab withstood the first centre and the
four radial impacts. Slabs containing émm granite showed
a hair-line crack on the fourth subsequent centre impact



15, Ganite aggregate 1- 5mMm 500. 00 25mm st ai nl ess st eel
f§ bre - 30. 00 1030
The dry cenentitious conposition of the above formulation, which had a bul k
density of 2,300 kg/[err] , was delivereggpby neans of a conventiona
Shotcrete machine at a rate of 320 kg/mn to a m xing head where water was
i ntroduced. The anpbunt of water required for acceptable consistency was
typically beam@emeﬁe39&nnﬁed1tﬂ9@hghwewgbh fbutrotehcksl stswihbe nesnl t ant

agueous m Xt#&ﬁ%mi“ﬁ i’mb%&?“ﬁﬂtaréﬁgiheﬁ' QEBESFEICyﬁhQQQa@’EE@ 90

carrier air iVery was re eous co 05|blon was
t hen del i vergxianbte-aentainingnasaboghavefapne. Grﬁcbfaiﬁéra@b@oﬁbleénent

Im ﬁ Iur e Icoul éeﬁerelt PRpEc fB!l.ﬁ]oJuﬁg”’tHHt ead&ameahedbfs Wtshtbweanmﬁ&ce@ velt y

i e cleaning out requ mentitious conopasition
uns pr epar ol BICRE G FBROEGHE §hi RECRoFRBRFRy LRSS Acs vas BUPGHEa n x
(as in Exanptnrémgh on the fifth dfich%iwmpact butGadsiot ceagdnedate (10 mm
48.75% wt é? Iess steel fibres (25 mm 3. 0% wt

The above conpos on was gauged with water that had been preheated to
[err] The gaByampkex6ure was subjected to high shear in a Hobart (trade

mar k) m xer for 1 ﬁuause §BQ—@§§bbBe§tQE§CﬁQy BT iAo d 2h %?ﬁ

preheated to [err] in ord to sinulate wel d7joi nt tenperatures.

speci mens wePgUatnyeigby RPFéF fPFetﬁFn§Fé§nH&§SeF§G§6dﬁ%h?eﬁeﬂélﬂ#ﬁbrsed
in water aftébmﬂaesﬂt'ibhésa?s&drwmg’seﬁ the prégeint eRendldn & out using an

AR WG E R ICUNREE AR RN A L S
resultlng compositions perform satisfactorily, especially
in terms of flexural, compressive and impact strength.
Somewhat surprisingly, the use of mild, rather than
stainless, steel fibre is also considered to be acceptable
in terms of corrosion resistance under the intended
conditions of use. '

Example 7

The steel fibres used in the preceding Examples were
of cylindrical cross—-section, the diameter being about
0.25mm. However, such fibres may be replaced
satisfactorily by, for'example, steel fibres having a
length of 25mm, a thickness of about 0.20mm, a width of
about 3mm, with a half-twist and crimped about 2mm from
each end. . . .

It will be understood that the cross-sectional and

- other geometry of the metal fibres that will come into
consideration may vary. Fibres of rectangular cross-
section offer an advantage in that more surface area is
provided for a given fibre weight. As a guide, the metal
fibres will commonly have a cross-—-sectional area of 0.01
to 2mm?, preferably 0.025 to 1mm?.

It will of course be understood that the present
invention has been described above purely by way of
example and that modifications of detail can be made
within the scope of the invention.

The dependencies of the subsidiary claims hereinafter



but, further tests were conducted using amounts of water either one-tenth
l‘ess or one-tenth nore than the optinum in order to investigate the

tol erance of the conposition to variations in the amount of water added.
Twe series of tests were carried out, uszng tap water

16 and a sinmul ated seawater respectively. Additional tests were al so
carried out using noulds that had not been preheated. The results are
summari sed ide el einpleranaliritatiom akitd the wossilelgeen that the
opti mum m X NG, St SR8 L OF ytﬂ\étPeéﬁﬂPéQ @&H@}éﬁeatfntﬂlxgéém&faiﬁs'

variations in water addition and use seawat er her
amount s of tHe RBEERRA] W‘ﬁgtlﬁﬂep’é%f?—%%l afRREwEes oPf whher ingeBtignt into

bars of di neRsiediBed iﬂciﬂhéZpﬁéceainq ae'sa_e.bp{;io§4aﬁm ix thei BTASAs(27. 94

cm. The bars i St cu for 24 en r-cured for 48
ou s, The. ISP & | TRRST 6SPen POFR SHRINAGRe bpBr Aty P 430! ARaRPY | n- o der
to provi de aromithationnfof the abplengnbatibe ofsthéabhvenhionte to
maikntain an integral join with existing concrete in such applications as
the protection of weld areas in concrete-coated steel pipes. The results
are summarised in Table Il hereinafter fromwhich it will be seen that a
sati sfactory conpensation for shrinkage was obtai ned. Exanple 3 A
nunber of fornul ations, as described bel ow, were prepared and were cast
into slab sanpl es having di nensions-of 10 inches (25.4 cm .x 10 inches
(25.4 cm) x 2 inches (5.08 cm. The fornul ati ons contai ned, variously,
ei t her



no aggregate or an aggregate selected fromProdorite Filler (iron oxide),
~1-5 mmgranite aggregate or 5 mmblue |inmestone. Furthernore, the

formul ati ons contai ned, variously, either no fibre or a fibre selected from
26 mm st ai nl ess st eel ("S/S") fibre or 12 ?@npol ypropylene ("P/P") fibre.

In all c&adlethe "base nix" was as descrl bed in Exanple 1. Sarrple 1. Base

m X 5.22 kg . dorlte Flller teg
Wat er o 932 I<g ; ﬁﬁnpql rrg; Simula 5935“"“2*?‘ kg
Prodorite Filler. Kg 55 ny §/ Yilbre10t fopp. o + 19
Wat er arpressive N ma 84 Hg watgr water 1l7 water
Sanpl e 3. Base m x . 4.0 kg (1-5m"r) G ani 97 AQQ.
4.0 kg /SFlbre‘-, (2.'4 € Wt et* 3'
0. 959 kg Sanpl e 3 udged t08b§ tlo Séré)l e 411 %as; -6
4.0 kg Glani ¢ dogl 4 K07.3 | 1s.0 2P S '%‘@re
0.24 kg 15,655 kg 16.8|
3 hou:s 27.5 31,5
1 day 47.6 49.9
3 days 57.8 53.6
7 days 52.5 $5.3
28 days €7.8 68.0
Flexural
10 mins 1.4 1.7 0.7 1.7 1.0 1.3
30 mins 3.6 3.0 2.4 3.6 2.7 2.6
1 day 9.5 7.9
3 days 9.1 10.8
7 days - 10.7 11.2
28 days 12,2 12,2
Moulds
Unheated
Carpressive N mm—2
-15 mins 0.8 1.5 1.0 1.1
20 mins 2.6 2,2 2.3 1.5
30 mins 5.6 3.2 5.0 3.3
Flexural 15 mins 0.2 0.4 0.2 0.4
20 mins 0.6 0.5 0.8 0.4
30 mins 1.4 1.0 1.4 1.0
Table IT
Mixing Water Tap Water Simulated -
Sea Water
7 days* -0.007 % -0.015¢%
14 " -0.015 -0.027
21 " -0.017 -0.034
8 ° -0.021 -0.041

Mean of 3 hars

* days fram casting



Sanpl e 5. Base m X 4,00 .kg 1-5mm Granite Agg.

4.00 kg - B3, Re oEd bre 0.4 kg WAt er

0.78 kg Sa 4.00 kg P -ﬁny} [

Li rest one m 25mm S/5; Fi bre O-.r%f S%%TEA,,;§B%?N
Wt er kg Sanple 7. Base mix %ok
5m Granite Agg. 4.00 kg 25rmm S/ S Fibre 0.24 kg
Wat er ., CLAIMS 0. 785 kg Sanpl e 8. Base m X 4.00 kg
1-5mn Granite Agg,

vater G abdendfions composie, NG Yenerfsld, (K05 .
pl ace. grOMwMMlMQ cenert chipkexti tbhagsgrewnded at

anbi ent t enggy 3an I Epr cbymagici té Peatder (ay0-22 hours.
Testing mas con cte éﬁﬁég¥£géle (Fﬁp %n% {a ﬁ npagt?Tester (the

CAPCI S t est @F@ﬁ"ﬁ%\bpﬁ’éﬁbr(ﬁi gnepal fibre.

2. A composition according to claim 1, wherein
component (a) is a clinker containing at least 15% by
weight of C,A,8, 0 to 10% by weight of Sio,, 0 to 6% by
weight of free lime, 0 to 25% by weight of CA,, 0 to 10%
by weight of C,,A;, 0 to 5% by weight of CT, 0 to 10% by
weight of ferrite phase, 0 to 60% by weight of CA and 0 to
30% by weight of a CaSO, phase.

3. A composition according to claim 2, wherein any
S§io, present in the clinker is in the form of C,AS and/or
czs. .

4. A composition according to claim 1, wherein
component (b) is a rapid hardening Portland cement in
accordance with British Standard 12: part 2: 1971.

5. A composition according to claim 1, wherein

--component (b) has a fineness equivalent to a specific
- surface of at least 450m2/kg.

6. A composition according to claim 1, wherein at
least some of component (c) is constituted by calcium
sulfate within the sulfoaluminous cement clinker.

7. A composition according to claim 1, wherein
component (c) is anhydrite.

8. A composition according to claim 1, wherein
component (d) comprises both sand, as a fine aggregate,
and particulate granite, as a coarse aggregate.

9. A composition according to claim 1, wherein
component (e) is steel fibres having an average fibre
length of 15-45 mm.

" 10. A composition according to claim 1, which also
comprises (f) a plasticizer and/or (g) a hardening and/or
setting accelerator and/or (h) a set-controlling agent.

11. A composition according to claim 10, which
comprises (f) a plasticizer in an amount of from 0.25 to

1% by weight of the total composition.
OB O



18 . Iaboratory scal e testl ng) Each sanple was initially subjected to a

sitngl e~ i npahts Shest H laced of ¢ he specinmen, with the fqollowing results:
Sanpl e 1. Sag\! “u H nd broke - very brittle. Sarrﬂ]He;_,zH&E@mngEN

i ntegral - n anpl e 3. Remuiyped integral - |no crﬁgiq_mo H gp
deflection indicating relative softness, posstity—due—te—hi-gh
wat er addi tion. Sanple 4. Integral - no cracking. Sanpl e 5. Integral -
no cracki ng. Sanpl. eAGméﬂMoegb?ﬂ prdamdirr@cld &@1nﬂair@§édjej‘drﬁﬁ'féw,which
relatively soft. S§ I.nte t IR crackin %p &3 tegral -
no cracking -°WP§H n@ha ceneht LOUS, ISR %ﬂﬂ cor 1ng | es

2, 4 and 8 W@ﬂalwhanhsdbyeeﬂzd'mmd(ahlow1ng the resultant mixture to
set. | -

) 13. A method for producing a protective coating
around the weld area between welded lengths of steel pipe,
comprising the steps of placing the weld area within a
mould, filling the remaining mould space with a mixture of
water and a composition according to claim 1, and removing
the mould after the said material has set sufficiently to
be coherent.

14. A method according to claim 13, wherein the said

water is sea water.

-

A 0



further inpacts radially fromthe initial centre inpact. Sanple 2 showed no
distress, sanple 4 exhibited hair-line cracks, and sanple 8 exhibited 1
Na#r’ - Yine crack. Then each sanpl e was subjected to further inpacts in
thé centre. Sanple 2 showed 1 transverse crack after 6 i npact’s but rendrned
integral owing to steel fibre bonding. 2&nple 4 showed 3 cracks after 6

i mpacts but remained integral owing to fibre bonding. Sanple 8 showed 1
crack after 3 inpacts and the chisel had fully penetrated the speci nen.

It was concluded that a 3% by w. "stainless steel fibre addition inproved

| npact per f or mageRERPeTE0USVRAMPIB TTION ARDS MAR TN TRIONCHETG) FHEIRIFRSM
failure (an inportant criterion in
field performance). The Prodorite (iron oxide) filler was superior to
granite as Apgteaete. The Bl ue Linestone aggregate was regarded as too

soft; simlarly th I A e t matrix.
Exarrpl e 4 S?\ageﬂ‘si?‘m %t %ﬂ%@ég %GSCI’I 0?“3)]& etdérJ]Cag% | ng Exanpl e
wef e prepar edlfpgﬂmmma&@mmkarng a4 grpwiid ther tiayel mememsmlbﬂder n
Exanpl e 1, 4plkgratabhlNTAR 10 Wi rgl FPRddd ettt & Bididepl €5, into

whi ch nixturg was I ncorporated a variabl e ampunt. of stainless steel fibre
(25mm) . catgdugy ghd: mraﬁaé%f t(GShAHAl ke angy, and| 3 HPRGESE he
regi ne of 1aggRecfatie sdth eigranitd)adint ndiact G fgl | ovethbysé urt her
i mpacts.in the n%r% erther to a
? 1 The composition may also comprise a
plasticiser and agents for controlling setting and
hardening. The reinforced concrete produced from the
compositions is useful in offshore applications, e.g. as a
coating for the weld areas between lengths of steel pipe

to be laid under water.



maxi num of 5 such inpacts or until the slab was punched- throu i NP NaTC §
slabs conprising stainless steel fibre in an anount of {i3%: 91 62L6P !
1. 5% { by wei ght of the total conposition on a dry ba5|% , alrh MQR§ n
cracks, remmined integral even when punched through. AlisP&B -eontaining d
1% st ai nl ess steel fibre, however, showed cracks across and-through the
slab after the first radial |npact whi ch wi dened wi th subsequent i npacts,
the sl ab br eakihgy shitbnlgage eefsthponaifiePackiandncenentpavd. thxdmpaats

Sl abs were pr%&%{v@%mn&éiyﬁgﬁegmh@ pgogekqleg tBethasedPriang
described in Exanple 1, 4 gregate”an . g water, into which wet
m xture was |d%%W%BFéY%ﬂn3§8?b§a&glﬁﬁFPSPePHe1F0P3ﬁr65ﬁﬁogppﬂoﬁqﬁ439'dry

basi s) of Stalﬁ&@ﬁér&lﬁleﬁl ’Ehbréxbaﬁmﬁfe tenener ceﬁtafinhesﬁsw ofcarried
out u3|ng, ect y granite qr.10 ranite as the a ate.

The sl abs re Wb } %e?%ng ﬁpggtgpés?gzégrgﬁpﬁESlX? 38§€r%§ in the
pr ecedi ng Exanp¢m51st1ng Bor hthgpmestf psrtibofi chitdun shdfoalsmicertte e and

the four radi | ine
crack on the f u+t3n sﬁbiet’%ﬁ‘gﬁ?ﬂn%ﬁ‘w 97 86kh % 200t racabie

20 and were pifepbatedrdinn, (GROH Abdr egtyaktabAewasgocipded lwalyiduaus

i mpact but rengietuhNs8UERLe WﬁSé@ ? th@hignﬁ1gra h%@nﬁomhah&hﬁﬁsﬁkﬁgt
showed one crack after the third ceftre act fol t he radi al

i npacts, shBwed Pﬁ#%%rE?ﬁcﬂ§PBE§hV?heSh6&P ﬁg§U§ﬁmP§ﬁ§ lPﬂbé@F“%H65Vhs
punched that disclosed in US-A-3,155,526 and US-A-3,251,701.

The characteristics exhibited by the concrete mixes
disclosed by Wurster render them unsuitable for the

preferred use of the compositions of the present

15 invention. Thus, Wurster's compositions are required to
have the stated slump values in order to ensure that the
mouldable mixture can be vibrated into various cavities
and interstices of the safe cavity (US-A-4,377,977, column
7, lines 7-10 and 18-33); such characteristics would be

20 unsuitable for coating the weld areas of steel piping to
be laid in the sea, where demoulding has to be effected
within a very short span of time. Furthermore, Wurster's
compositions undergo an expansive reaction in the first
few days of concrete curing (US-aA-4,377,977, column 6,

25 lines 47-48); however, such expansion in a pipe weld
coating could cause separation of that coating from the
steel piping (which would have contracted upon cooling)
thereby considerably weakening the whole structure and
reducing the corrosion resistance.

30 Summary of the invention

The present invention provides a cementitious
composition which comprises (a) a ground sulfoaluminous
cement clinker; (b) 1 to 5 parts by weiqht,.per part by

weight of component (a), of a ground Portland cement

35 clinker having a fineness equivalent to a specific surface

of at least 400 m2/kg; (c) 0.25 to 0.5 part by weight, per
part by weight of component (a), of calcium sulfate; (d) 1

[(~page 4a]
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M1d or | owcarbon steel may be substituted on an equpl @ ateidhe Bz FREF D
the stainless steel fibres in the conpositions accordjn Lto-fl%me t ‘l

i nvention as disclosed in any of the precediang Exanpl gs5%@nd-the resul-tilpg
conpositions performsatisfactorily, espectally in terms of flexural,
conpressive and inpact strength. Sonewhat surprisingly, the use of mld,
rat her than stei @ eegrtssteelwdight ipemiparte dmsiwright 1of eomperanbhl(a) i n
terms of corrog ¢ LIRLANRGR NG/ 4 he idtanided wonedk 1495 ©ér Usert Eygnpl e
7 The steel, TIbres used in the precedi no anpl es were o1 _cylndri cal
cross- sect i on vadgltyiofwgompanant, (a),,10% oearse I RFFRRI e Y| ﬁ?és may be
repl aced sati Heagiows metdyl fibrexanpde, andwet &£ br eso hByi by welighyt bf of

25mm a thickness .of _about 0.2 a wdth of about 3 W t | f-Lwist
and cri meﬁa%gﬁ%ﬁi—fﬁm%.on a grfy W?J'&l%éo—%%%?st{c})% attﬂggf %’ﬁ%
Cross-sect i onalomgress idtiley wicohret ¥so ofonprei set 6f) fa bpbasthaiser| anddere into
consi derati on mBY » Ugkt P fiva Alr R AOGULG 1 EEQBSEa86F 1 EQR LhEEr an
advantage in that nore surtace area 1s provided for a given fibre weight.
As a guide, tienAREItiqus conpeneRbIdRR{ORhalle) o cFBESCeREFPOAANTar ea of

through on the fifth such inpact but also renai ned in'Eg_!hair.‘_ml'.fx__p\l_[_[pi“e.'ﬁ;"r
|

0.01 2 agent. 2 to 2mm, preferably 0.025 to [err]
It will of course be understood that the present invention has been

descri bed Hhove purely by way of exanple and that nodifications oP2g8: 3
can be made wthin the scope of the invention. The dependenci-es of

the subsidiary clains hereinafter
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23 . CLAIMS ~ 1. A cenentitious conposition, which conprises
(a) a ground sul foal um nous cement clinker; (b) 1 tojs=——=parts—by weight,
per part by weight of conmponent (a), of a 5 ground PgriIRindmementaekt nker
havi ng a fineness equivalent to a specific surfacg of at-|i MgF égg

[err]/kg (c) 0.25 to 0.5 part by weight, per part|/Beaei .ght
conponent (a), of calciumsulfate; (d) 1 to 4 parts by e ar t
by wei ght of omoRB@i®dlon(.2), of fine 10 aggregate and 4 to 8 parts by
wei ght, per part ht co (a), of co regate; and
(e) ferrous ?’é \%%r%bé. 'nt&?ﬁ%aﬁ?ﬂm’f‘%%s 55/%15‘?/“ Jgh'?’g%r tfie total
conposi ti on groandr torMa (findmesiss.equivalent .to d\spm¢m£i¢|surﬁacerdfng to
claim1l, whergi c g@ﬂg ( ' | Jj r | U I 5% by
wei ght of [er%(r%] ﬂglltég % % ?&%i 3’?1‘# of | eryr]nh‘g ]te%%/oadogynmﬂﬁ'r gh ree
linme, 0 t& 23% b:pmm'agﬂtt tof dasrvgntoianall G3spansivecdyhshoinkaget 0 to 5% by
wei ght of CTgofde ﬁ@y emé’i?‘l&"%hfﬂi é&?}féir@ CRAE vhidh Epaby veight of
pEfs

CA and 0 to 20 err ase conposition
accordi ng ton@marhly Wéﬁeé?eni withha [ nqn@semtzwrzm Te?lktker ThRein the

f or m of [err ¥ T, o claim
1, 2 or % \?)ﬁergﬁﬁorrporégrﬂ b gﬁ%llasﬁ%g%q?gﬁgﬁéﬁ&g ﬁ’ gggéhent
in accordanc§1WPPhaBFPﬁﬂﬁ?%ﬁﬂ%ﬁiu nely ggrqund Reylan ggment.

conposi tiign accor g %guttabara/ sﬁlfﬂaﬂtﬁﬁrﬂoﬁs’) clnﬁ{ef!\hﬁé €4 va £DABDEENT (b) has
a fineness e ui val ent

surf agi 45855 é/ kg. 30
6. Sk A R as Py o Hadhrs o Blug i n at
| east some oEnduq@mmaﬂ Hmd.rundaruﬂhelnmnﬂe ndne cCtRockifastffate within the

SU|f0a|u”1no%§r%9q%@E1y available under the trade name "Calumex").
In the absence of lime and calcium sulfate, C4A3s has

15 been shown to be only very weakly hydraulic. However, in
the presence of lime and calcium sulfate the C,A,S reacts
rapidly to form ettringite.

In accordance with the present -invention, a Portland
cement clinker (b) is used as a source of lime (Ca0O) and

20 to produce the essential calcium silicate hydrates to form
the durable concrete structure necessary for this
1nvent10n_,_Ma[ Portland cement clinker sf—noxmaly
£FiRenes6—~Ccan—ho-isolymibit—pro £o5Eod—bo—oRploimamglinkely
Mhalf has been ground to a fineness equivalent to a

25 specific surface of at least 400m2/kg. More preferably,
the ground Portland cement clinker has a fineness
equivalent to a specific ‘surface of at least 450m2/kg up
to 550m2/kg or even higher. Thus, cement clinkers, such
as those known under the trade name "Microcem", that have

30 a fineness equivalent to a specific surface of 450 + 25
nﬁ/kg up to 1,000 m2/kg-will certainly come into

consideration (although at the higher levels of fineness,

it may be difficult to produce commercial quantities in an

economical manner) . “¥hexre—Rortland—CoRoRt—Clridilolimt fummy

Preferred Portland cement clinkers for use in the
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cld nker-. 7. A conposi tion according to any of cIaLnsnlﬂlo .35_6,
wher ei n conponent (c) is or conprises anhydrite. o aczasoEQRASI R ON
according to any of claims 1 to 7, wherein conpongnt={t “W““arlség th
sand, as a fine aggregate, and particubate granite,Da§ a458&ﬁ

aggregate ...................... ET
24 A conposition according to any of cIa|n1 1 to 8,

wher i n Conpqa%gger(@hweﬁef&& 1Pl QsabipubyoRe AUgh2BEmenthi bog | ength of
15-45 mm osition, accordin g X l1.to 59,
whi ch al so cagrtland (qﬁm%llfplla}%t’?’&“r‘iﬁ' PR Rt ’(%)Bﬁl ﬁﬁFgeﬁl nd24drd/ or
setting aCCaﬁﬂﬁﬂﬁlliﬂﬁﬂﬂérdimyfhéﬁﬁ a flﬁémééglhaﬁnedmgngreatetithan A

conposi tion
an anpunt of

d I
o modnt St abey 8 Bhet FERRRETS) Ragid, BefRenin’

wei ght PHaFcrtland Zement ash tt@fqmedt innthatostandard Ulléllmumladﬂ}(ll
whi ch conpns%ghéfgn [%éﬁgié% lected from sul fonated nmel am ne
onat

f or mal dehyde Tondensa

condensat es,

napht hal ene 15 for nmal dehyde
modi fT¥Rica hips uth%rm%%en cenenbatE0ysE;| G°E§’P§r1¥:1éa’|’§

sul f onat ed p%&%yﬁ?r@mm 1180 5 partd BpMIesyhto6faeenpeneat! byl aionilo,

11 or 12,

h
an amount of RAF% ob¥3° ?%%Tp?ﬂ%

wei ght bago s.
13, which co
0.02% by wei

15

20

25

30

35

whi ch co ses arggnln or setting accelerator in

of3 *conposition, 20 on a dry

I n

Jébmmerclarnyompmilabbe egtoiumngul foadymdhadieaialsink@n o

phase or a calcium langbeinite phase (it being possible
for such phases to be "burned into" the clinker) and this
may be used as the source of at least some, and possibly
all, of the calcium sulfate (c) although it is not the
preferred means of incorporating that material. It is
preferred that at least 50% by weight, and particularly
preferably all, of the calcium sulfate should be in the
form of anhydrite, especially B8-anhydrite; the remainder
when added may be in the form of gypsum, soluble anhydrite
or plaster. Preferably, the calcium sulfate is ground to
a particle size of less than 250um.

- Commercially available Portland cements may contain
calcium langbeinite and/or an addition of gypsum and these
too may be used as the source of at least some of the
calcium sulfate.

ﬁhgﬁﬁmﬂgaa{ihe present cementitious compositions
contain from 0.25 to 0.5 parts by weight of component (c)
to 1 part by weight of component (a), allowance to be
made, of course, for any calcium sulfate within the
sulfoaluminous clinker.

The compositions of this invention fasf contain as
component (d) both a fine aggregate and a coarse
aggregate. A suitable fine aggregate is siliceous sand,
as conventionally used in concrete compositions. The '
coarse aggregate must be of a sufficient hardness to meet
the impact resistance requirements and particulate
siliceous aggregate has been found to be particularly

SHEET
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conposition, on a dry weight basis. 25 15. A conposition accord| ng
to any of clains 10 to 14, which conprises, as an—aeecelerator-
al kal i netal carbonate, e.qg. I|th|un1carbonate.\ghgu&ﬁ“m:*as
conposition according to any of claims 10 to 15 whi ch4q;Mf(Rr§gg@s
set-controlling agent (h), a 30 hydroxycargboxyl | C A :.&..Gue G-t H€
17. A conp05|t|on according to any of cl ai msid=to 6,11 which the

fine aggregatg,iSahie! N ﬁééfaii‘f'gﬁrggl{:g ?nﬁlagggsﬂﬁronﬁ'hﬂaersrﬂzé‘nd the

coarse aggregate |s int sl ze range o
met hod of pr GHRRGHIS 98 hpth cEle cBhEF orBa COREFRHagTRBIREES A8 ng a

cenmentitious W&El@%&lé&ed wt pfoﬁmdeainaxamaﬁ phetiedel pakkirgt ure
to set, characte

cter the that the S%g ¢ ous cong.osm %3)
FF_ YP RonpPPEEITS) 3 bPo 8 §AFEPoLPIgEN S s % rment
clinker; (%) 100Q mmﬁomr(@ 09 tei yhommpeangathebgoarsghaggiregarteorierito

éalpeé’.ff?cgéur i 0 ER L E8ETEE %é'ig § tANLTY GiLbngNERhore lUIE o 1O
wei ght, per perRiesd eulktdensitycefpdd ﬁtkqély -ofF@él spbmexsgibdee; (d) 1

to 4 parts bz‘f:hpeﬂ\fﬂx&@tthﬂﬁé @é‘ﬁtbQYaV\EéQﬁirQﬁeﬁer‘PBBth hﬁ.%hex‘)fdédélehy
aggregate an to 8 parts art conpaonent

b
(a), of coar s’é‘%\bb}ega:% tléh% ?%? feH’1 EE Eron oxide gggregate in ‘the

10 size range 1 to 6mm has been found to be suitable to

produce a concrete with a typical bulk density of 2600

kq/m3. Barium sulfate may also be considered as a high

density coarse aggregate. These high density aggregates

can, of course, be used in conjunction with granite and
15 the 1like.

As a guide, the coarse aggregate, if not granite,
preferably has a specific gravity at least comparable to
that of granite, e.g. 2.55 - 2.65 or higher. Similarly,
the coarse aggregate, if not iron oxide, preferably has a

20 Moh's hardness at least comparable to that of natural iron
oxide mineral, e.g. 5 - 6.5 or hlgher.
Typically, the present comp051tlons contain from 1 to
4 parts by weight of fine aggregate and from 4 to 8 parts
by weight of coarse aggregate per part of component (a).
25 - The compositions of the present invention are
fibre-reinforced. Thef%%%gf fibre (e) must be of
sufficient strength to meet the'impact resistance
requirements and not be prone to excessive corrosion when
embedded in mix according to the invention over the normal
30 1life of the pipeline. 4ﬁ¥4¥“HHaJ$%ferrous metal fibres
pe=nieedf stainless steels and low carbon steels have béen
found to be particularly suitable. Preferably, the
average metal fibre length is greater than the maximum
particle size of the aggregate; typically fibre lengths of
35 15 to 45mm may be used and a length of 25mm has been found
to be particularly suitable. The aspect ratio of the
fibres and indeed their shape can be varied widely: thus,
for example, straight, hooked or crimped fibres come into

IDED  SHEET |
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O-netal fibre in an anount of 1 to 5% by weight of th Qsition
on a dry wei ght basis. 19. A nethod for prod c?%@uﬁlpfpwpsgtg ]
coating around the weld area between wel ded | engt hg of sb&ﬁuf p
conprising the steps of placing the weld.,grea within éfﬁ!ﬁgul “fﬁiﬁiln

remai ni ng noul d space with a m xture of wat er and a C€
conposi tion, and removing the moul d after the said m xture has set

sufficient] yjhacbeve anehtgethe Cffi%rsacctﬁrw sditied hattdh e Hei sy cenes! i tious
Lo B parts bSLIEHANG. Cher g5t CORFERMG G PIARHIGHAINS AISBE= oEr ound
Por]E | and ?enﬁﬂértﬂ thker Ravited aaﬂdmmsmwommm@ thepecific
a5 " ShrFEREtH onghugnes it il ettt TRl B eRsT
by wei ght 5 per pafThebgonpioglit iohsc ofpdids xnﬁentﬁon wilheoxgfexably and 4
to 8 parts b¥8¥l’§h§m %%rt-%a'ﬁ:lwllllnd’\%dﬂﬂt %n Comaﬁﬂ@f coarse

aggr egat e; errous met f1bre i n an ‘amount of. 1 o 5%by weight
of the t oh¥Are¥NEaEPoryAien agigh pngempat mreteraplycitric acidypifod

§f00[ﬂ|39 tooﬁgék”tégpr@h%h@ instant sﬁﬁﬂiﬂﬁﬂdﬁ ﬁHéi?ﬁ??ﬁ&ftlon wRén
met hod accor,di ai t.he ntiLtious
conposi ti on P*§ C3PEF%banE§§§I¥§L(% Q§%é}%f% éh €S §E0FR
REPLACEVENT SEEEIng and hardening processes of the@/fcementftious

composi tion geeatdbiuaty e HarddHiflg Jﬁacg( r dhriliis Adesesrongnl (o) 1 s

steel fibres having an average
conposi ti on RreSeyabde yange & QQQ%ﬁﬁPW.Q this material will lie

between 0.01 to 0.02% (by weight of the total composition on
a dry basis). )

i5 It will be understood, of course, that any of the
components (a) to (h) may be constituted by a mixture of
materials of the appropriate description.

The compositions may include other components,

provided that the ability of the composition to meet the

20 above-discussed requirements is not impaired. Optional
components that may come into consideration include alkali
metal sulfates (to promote the formation of ettringite)
and extenders, for example silica fume and such hydraulic
extenders as pulverised fly ash, ground granulated blast-

25 furnace slag and pozzolanic materials (which hydraulic
extenders may act, after the initial hydration of the main
cementitious components, to remove by reaction any
remaining free lime). Silica fume has the additional
advantage of acting as a densifying agent to assist in the

30 prevention of the passage of corrosive salts into the
concrete.

The compositions of the present invention are

generally provided as dry compositions, which are mixed

' with water on site. The present compositions are

35 surprisingly effective, despite the intended offshore
working conditions, and a further advantage is that sea
water may be used for gauging. Thus, for example, if the
initially required placed tonnage were 75,000t, one could

i
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in an anount
dry wei ght

5 97 'which al so -conpritses—{f)—a—pl asticizer and/or (g)_a har deni ng_.

and/or setting ac
A conposition acc

basi s.

(h) a set- contr ] a 2 .
ihﬁ&ﬂgﬂ“ﬂg"@”ﬁi 0, which conpris E?ﬁﬁﬁg%§ﬁ§?§:
of f %0 by wei ghg of the tital compoStk ok o

s

A conposition accor

whi ch conprises (f) a plast|C|zer sel ected from sul fonat ed nmel am ne

f or mal dehyde
condensat es,

conagmsat es,

n?dlfled Ilg

sul f onat ed polystyrene

11 or 12,

wei ght basi s.

sul f onat ed napht hal ene 15 fornal dehyde

1L S, U S8 Sinflos o

wha g hacqnpundesu@gpaaumamm ggments @tltlmﬁfg!ra’cdé?)erlat@ an
an anount of UB_EES5%yb%eWSthtp%E bAet! ByakeGRROYE! iciwott AN &Y Yor a

A _Conposi Tl according to any of clains 10 to
13, which cénnggggd(ﬁ?r§1§Bﬁ E&W@P&lF#%@K%&#%ﬂﬁgﬁb&__éﬁﬁﬁﬁiﬁ of 0.01 to
0. 02% by wei ghéqgafivhhentotal a speeifgdei En&lfac@no& ity 1eRisghts e k25 c)15.

83

A conposition
an accelerato

r

o cLal - IR prises; as
i P&fa et e urfcar bonat e.

16. A coqugohenm gaggrdf gaﬂclamysmﬂfahm mdd30;LQ;L1L3§LJmQJmh

conpri ses, as

e. . citric ac

to 16, 1M
m crons [err]
mm 35

conposi tion

15

20

25

30

35

Beight g&O w&g @9%@1 R) bfac%Qn @A VGA PRy 6, g: d

Edcbﬁﬁ ﬁ%ﬁ"tsg 3996?9%%145% I g&lé%ast'ez'e ar gefé&? éluéo 10
3 7 produci ng a rg nforced c?élncr(?t)e rﬁﬁ ch
conprlses n1X|W§tSlC§ﬁEFP| Fod et o -t‘
resul tant m xtgbapbsitdon on ehalr@wllgsﬁdbamu@hat the sai d cerrentltlous

2.

A compégitlon according to claim 1, wherein

component (a) is a clinker containing at least 15% by
weight of C,A,S, 0 to 10% by weight of SiO,, 0 to 6% by
weight of free lime, 0 to 25% by weight of CA,, 0 to 10%
by weight éf Cy,A;, 0 to 5% by weight of CT, 0 to 10% by
weight of ferrite phase, 0 to 60% by weight of CA and 0 to
30% by weight of a CaSO, phase.

3.

A composition according to claim 2, wherein

any SiO, present in the clinker is in the form of C,AS

and/or C,S.
4.

A composition according to claim 1, 2 or 3,

wherein component (b) is a rapid hardening Portland cement
in accordance with British Standard 12: part 2: 1971.

5.
4, wherein

A composition according to any of claimg 1 to
component (b) has a fineness equivalent to a

specific surface of at least 450m?/kg;

6.

5, wherein
by calcium
clinker.
7.

6, wherein
8.

7

A

aggregéte,

wherein

A composition according to any of claims 1 to
at least some of component (c) is constituted
sulfate within the sulfoaluminous cement

A composition according to any of claims 1 to
component (c) is or comprises anhydrite.

A composition according to_any of claimg_; tg\
component (d) comprises both sand, as a fine
and particulate granite, as a coarse aggregate.

e e —
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25 “conpri ses—(‘a’)‘ a ground sul f oal uni nous cenent
parts by wei ght, gﬁ Lof conponent
Portland cenent cl 6““““ m‘m u““ eness equi val
surface of at least 40C [érr! /kg;"5 (c) 8425 to 0.5 Ppaet..by..wei.gk t
part by wei ght of conponent (a), of cal cium sulfate; by
wei ght, per part by weight of conmponent (a), of fine aggregate and 4 to
8 parts by weight, per padt ciompmsiidtion acglorddmgortentanyalof cflaims sk to
aggr egat e; andgieaméférﬂueoﬂgsﬁhag (" 8l BeBR1AFIURLSOhaY iy B BRI
of the total onposition wei ght basi s.

for producing &1BFet teppik €§aﬂ§ﬁ65 mMar ound t he wel d area bet ween wel ded

I _en%_t hs 01;3 stesdéI pi ple Acmﬁliﬂdm%dﬁdiﬂir@f o0 ﬂtﬁ@ﬁ rwlatz\ﬁhsi Bres
wthin a u , l remal Nl N ce W a Xt U

o "o aboohd whibh! B96EDERBIRIANY (IOl B1SRRICM A S H | e
sai d m xture hbardehingf &ndj/emt bpttdnge accedelratent andfaradiyr issexsbti-n t hat

the said cenen c ition conprises (a) a ground sul foal um nous
cenent 2 clin bﬁtﬂég lfg 86Ep%arts by wei ght, per part by weight of

conponent (a),1df a grouné BEmpt J@hﬂqc%rrdmgertqwaﬂrargn 10 g Yhi@mess
equivalent to aoﬁpgﬁs&sc(sylraaggagftlatlzbeas.h an 480un® df ko @.45 At O

0.5 part by wejgh ht of conponent ) of cal cium
outtace: (49" THEoby GSighE: brpfne. il bopoogiticy nt
(a), of f i npaaidlgL egat e and 4 to 8 parts by weight, per part by wei ght

of conponent (a , of coar edﬁ%ﬂ5§¥§fﬁnzggﬁdf@1ng Jé”éf&%hrﬁﬁfﬁrfifre In an

anount of (1 to 5% by weig
which comprlses (£) a plasticizer selected from sulfonated

p

[0, = » ey
-

melamine formaldehyde condensates, sulfonated naphthalene

15 formaldehyde condensates, modified lignosulfonates,

sulfopic acid esters and sulfonated polystyrene.

13. A composition according to claim 10, 11 or 12,

which comprises (g) a hardening or setting accelerator in

an amount of up to 5% by weight of the total composition,

20 on a dry weight basis. )

14. A composition according to any of claims 10 to
13, which comprises (h) a set-controlling agent in an
~amount of 0.01 to 0.02% by weight of the total
composition, on a dry weight basis.

25 15. A composition according to any of claims 10 to
14, which comprises, as an accelerator (g), an alkali
metal carbonate, e.g. lithium carbonate.

16. A composition according to any of claims 10 to
15, which comprises, as a set-controlling agent (h), a

30 hydroxycarboxylic acid, e.g. citric acid.

17. A composition according to any of claims 1 to
16, in which the fine aggregate is in the size range 90 to
1,000 microns (um) and the coarse aggregate is in the size
range of 1 to 10 mm.

35 18. A method of producing a reinforced concrete

which comprises mixing a cementitious composition with

water and allowing the resultant mixture to set,
characterised in that the said cementitious composition
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the total conﬁﬁsrfroﬂrtwr?rTWV“Vklght basis. 3 20. _ = T

.according to cl said water is eﬁENEMEmWENTSIEET

A met hod accor E!EIH\B" ﬂ“ﬂlm 19 or 20, in whi cll the cergMAR RS
I ti LNgmt os any

conposition is

30

Claiss 2 t0 17J] Date foecrerreerseresansinerss

| Pusupuravomnrtontsammty

comprises (a) a ground sulfoaluminous cement clinker; (b)
1 to 5 parts by weight, per part by weight of component
(a), of a ground Portland cement clinker having a fineness
equivalent to a specific surface of at least 400 mz/kg;

(c) 0.25 to 0.5 part by weight, per part by weight of
component (a), of calcium sulfate; (d) 1 to 4 parts by
weight, per part by weight of component (a), of fine
aggregate and 4 to 8 parts by weight, per part by weight
of component (a), of coarse aggregate; and (e) ferrous
metal fibre in an amount of 1 to 5% by weight of the total
composition on a dry weight basis.

19. A method for producing a protective coating
around the weld area between welded lengths of steel pipe,
comprising the steps of placing the weld area within a
mould, filling the remaining mould space with a mixture of
water and a cementitious composition, and removing the
mould after the said mixture has set sufficiently to be
coherent, characterised in that the said cementitious
composition comprises (a) a ground sulfoaluminous cement
clinker; (b) 1 to 5 parts by weight, per part by weight of
component (a), of a ground Portland cement clinker having
a fineness equivalent to a specific surface of at least
400 m?/kg; (c) 0.25 to 0.5 part by weight, per part by
weight of component (a), of calcium sulfate; (d) 1 to 4
parts by weight, per part by weight of component (a), of
fine aggregate and 4 to 8 parts by weight, per part by
weight of component (a),-of coarse aggregate; and (e)
ferrous metal fibre in an amount of 1 to 5% by weight of
the total composition on a dry weight basis.

20. A method according to claim 19, wherein the
said water is sea water.

21. A method according to claim 18, 19 or 20, in
which the cementitious composition is according to any of
claims 2 to 17.
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