WO 02/ 24425 PCT/ SG00/ 00153 - 1 PRODUCTI ON OF CONCRETE The present
invention relates to the production of concrete. 5 Presently, ready-m xed
concret e waopeaduiced using the so-called wet-m x a7nd drpevBgommtssods. | n
the wet-m x nmethod, the required weights of 10 all raw materials, namely
cenmentitious material (such as cenent, flyash, and silica fune), coarse
aggregate, fine aggregate, chenical addiltives, and water are wei ghed and
added to a forced-action nm xer and are wet m xed together by the mxer to
produce concrete. After m Xi ng,PRopyoTE@dy OFS coNnaRE'T@bncrete i s di scharged
into a drumof a mxer truck and 1s delivered by the truck to a site where
concrete is required. In the dry-mx nethod, the required weights of 20
the raw materials, as Tesgrrésehtbovesntaireon disthegeto dhe epréqueptona drum
of a mxer typck . JIhgidrumis then rotated to mx the raw materials, and
the mxer truck is Ispatched to a site where concrete is required. 25
Currently the major part of the area of batching plants for carrying out
the wet-mx and dry- mp-aBihe0s, | Sead@kiked EOhctdee sior@eedeted N@sin
aggregates. This is a _ineffjicient uge of |land espegially in urban bui?t-up
areas wher eth%nﬁoc’:ﬁ'%‘%l?g H?bﬁm%da’f‘ rﬁ’éyé’f‘%ﬁsmﬁ}s:goaﬁt easily 30 avail abl e.
The current practice of the construction industry is to reject ready-m xed
concrete that [ not upgdd LhLE-fux SREEAI POkl TFegELEOS wlyglea! by v

1 10 all raw materials, namely cementitious material (such as

cement, flyash, and silica fume), coarse aggregate, fine
aggregate, chemical additives, and water are weighed and
added to a forced-action mixer and are wet mixed together
by the mixer to produce concrete. After mixing, the ready-
15 mixed concrete is discharged into a drum of a mixer truck
and is delivered by the truck to a site where concrete is

required.

In the dry-mix method, the required weights of

20 the raw materials, as described above, are discharged
directly into a drum of a mixer truck. The drum is then
rotated to mix the raw materials, and the mixer truck is

dispatched to a site where concrete is required.

25 Currently the major part of the area of batching
plants for carrying out the wet-mix and dry-mix methods is
taken up for the storage of the aggregates. This is a
inefficient use of land especially in urban built-up areas
where land cost is high and large areas are not easily

30 available.

The current practice of the construction industry
is to reject ready-mixed concrete that is not used within a
specified time period, typically two hours, after being

35 produced.

The specified time period is a very short period



35 produced. The specified time period is a very short period WO 02/ 24425
PCT/ S0/ 00153 2 O tine in many situations and in such situations is a
signi fi camo opeaabd em for both suppliers and users of readyPCigemooesncr et e.
5 The common practice of the constructi-om® i-ndustry is for construction
contractors to place an order for ready-m xed concrete while inspectors

are making ags tmﬁaeﬁh'ﬁﬁn?fsﬁﬂﬁaéhBﬁsoéné paogeéﬁds999§5§5ﬁ5p9yr IT the
concrete supglled to order is not used wthin_the specified 10 tlne peri od,

the concrete &SﬂﬁSFCBEtUQEGbl?W fAE Parhuperribefscapeueshitr ef et @REH n t he
speci fied timexpartkoedciretaot due to the concrete supplier, the
construction contractor is required to pay for the concrete and therefore
suffers an economc |loss. This applies even in situations where 15 the
specifiedtine period Tbeexommdndpdmeti@euufotheeuondétagsienuindﬁstwysite

ad) ust ment s 9% §oB°HEn§EEScEQBL Bbfirr 5898&&690b¥%£88 éﬂsﬁgﬁégr

addi ti on, concrete sup g stupplyrng ?%e concrete,
|nvar|ably tﬁ@aéﬁnﬁiéﬁé sappkpée v ll@fin&P@ﬁt@hé raskmgkhdg 28nexpense) of

di sposing thencgREEELR: obNEhECEL BENSECa gféﬁeééa eaﬁa£5§eaﬁoePV'f99”§Réa'
hazard and recgclln ostly. Thuys, ere is a_significant onus on

const ruct i on®® SﬁFFgC§HPE ARy PaPFSﬁrtbstﬂ@ttPﬁ?ﬁngthPdé?ﬁ FBRCEELES-

m xed carncr etéme2pefiodh] etk QBnbb@t@reﬁﬁﬂthBéeﬁkéan | $£t OhOl OY1 DGred
process for rodUC| iates the

read ncr e that. _alle
above- descri bad"™ S?OEESnFSPgF%E?fVé. Eé gspecified tife®Pericd is not
due to the concrete suppller, the construction contractor

is required to pay for the concrete and therefore suffers
an economic loss. This applies even in situations where
15 the specified time period is exceeded due to unforseen
delays such as on-site adjustments of a pour site that are
required by the inspectors. In addition, whilst the
concrete supplier is paid for supplying the concrete,
invariably the concrete supplier is left with the task (and
20 expense) of disposing the concrete. Indiscriminate
disposal creates an environmental hazard and recycling is
costly. Thus, there is a significant onus on construction
contractors in relation to the timing of orders for ready-

mixed concrete.

25
An object of the present invention is to provide
a process for producing ready-mixed concrete that
alleviates the above-described problem of inefficient land
use.
30

Another object of the present invention is to
provide a process for producing ready-mixed concrete that
makes 1t possible to maximise the possibility of using
ready-mix concrete within the specified time period and

35 thereby alleviates the above~described economic loss and
concrete disposal problems when the time period is

exceeded.



use. 30 Anot her object of the present invention is to provide a process
for producing ready-m xed concrete that nakes it possible to naxi mse the
possi bi | w@omt44e5i ng ready-m x concrete within the speci PCrRAGOG/0BSIeEr i od
and 35 thereby alleviates the above-descri bed economc | oss and concrete
di sposal problenms when the time period is exceeded. WD 02/ 24425
PCT/ S@00/ 00153 3 According to the pres2nt invention there is provided a
process for producing concrete which includes the steps of: 5 (a) charging
a required anount of aggregate into a drumof a mxer truck; (b) formng a
slurry of cenentitiouiknate.ial, er 10 and .chem,cal qgh;i%gg, in

\gf%\ iFeF amount — Of 1 he
cenentiti ouprawmided ad steresys i fimo grimeluring cfondwe e xdri ¢h Uokeludesind
m Xi ng the:%tgrgkéggiépg aggregate in the truck to produce concrete. The
present invention I's based on the realisation that the above-described
inefficiént |and use problemand 20 the above-descri bed econonic | oss and
concrete di sposal pr obligimyithiata AidcAf deheRidim S RACIddacbdd tee dddtH ta i S
exceeded can-be significantly alleviated separating the process steps
of (a) aggregate wei gfisH® 3 HdSy EF(b)  cenentitious materi al
bl endi ng as descri bed above.

requi red proportions; “HRFEET ¢ &, Presel i FLHSR

(b) forming a slurry of cementitious materiél, water
10 and chemical additives, in required proportions;
and
() charging a required amount of the cementitious

material slurry into the drum of the mixer truck
15 and mixing the slurry and the aggregate in the

truck to produce concrete.

The present invention is based on the realisation
that the above-described inefficient land use problem and
20 the above-described economic loss and concrete disposal
problems that arise when the specified time limit is
exceeded can-be significéntly alleviated by separating the
process steps of (a) aggregate weighing and loading and (b)

cementitious material blending as described above.

25
Preferably step (2) includes charging required
amounts of coarse aggregate and fine aggregate into the
drum of the mixer truck.
30 More particularly, the process of the present
invention includes the steps of:
(a) weighing and loading required amounts of coarse
and fine aggregates into the drum of the mixing
35 truck at an aggregate weighing/loading station;

(b) weighing and lcoading required amounts of



25 Preferably step (a) includes charging required anounts of coarse
aggregate and fine aggregate into the drumof the m xer truck. 30 Mre
parti cul avdyg2244b% process of the present invention incluBersSGieoosseps of:
-(a) weighing and | oadi ng required anounts of coarse and fine aggregates
into the drumof the mxing 35 truck at an aggregate wei ghi ng/| oadi ng
station; (b) weighing and | oadi ng requi fed anpunts of WD 02/ 24425

PCT/ SG00/ 00153 - 4 cenentitious nmaterial, water and chem cal additives
into a blender at a cememdntitoiusis medterricdl weigtemn @il eztdemigesstt at i on and

operating the blender to farm tif}ﬁ;flal”ﬂﬂénc?ép %](ap)cé}géﬂ{@ti J£qui red

amount of the cementitious material slurry to the mxer truck and rotating
the drum of the nixer mateKial waichind/dakendag g gn eand mpemadiigiabl v

the process includes cgl€uWrddg tHe roRlUEHEL G BRIPMPL Seried cenmenti ti ous
material, water and chem cal additives in a given situation by reference

to the épecifi ed m x proportions and actual anounts of coarse and 15 fine
aggregates i(cthe m xexddingka FEgieredlamdlet caf cthatd@nestiep dwkes into

account m xi ng Ios§es.ma219eTihaela re atteovx@i‘ hrh:.”:?:/a:! d&é]? ésrgc?trioqcnai%_nrggthe
cenentitious material "wei g]fu ng/ ol endi ng” stati on nay be at
the drum of the mixer truck to evenly coat the
aggregates.
10
Preferably the process includes calculating the
required amounts of cementitious material, water and
chemical additives in a given situation by reference to the
specified mix proportions and actual amounts ofﬁcoarse and

15 fine aggregates in the mixer truck.

Preferably the calculation step takes into

account mixing losses.

20 The aggregate weighing/loading station and the
cementitious material weighing/blending station may be at
one geographic location or at two separate geographic

locations.

25 The aggregate weighing/loading station and the
cementitious material weighing/blending station may be
permanent fixtures, mobile units, or a combination of

permanent fixtures and mobile units.

30 The process of the présent invention is deséribed

further by way of example with reference to Figure 1.

Figure 1 is a flow sheet of the process steps
carried out at an aggregate weighing/loading station and a
35 cementitious material weighing/blending station in
accordance with a preferred embodiment of the process of

the present invention.



one geographic location or at two separate geographic |ocations. 25 The
aggregate wei ghing/loading station and the cenentitious materi al

wei ghi ngMb engi4agy stati on may be permanent fixtures, nobPCESGHI/A353 or a
conmbi nation of permanent fixtures and nobile units. 30 The process of the
present invention is described further by way of exanple with reference to
Figure 1. Figure 1-is a flow sheet of -t process steps carried out at an
aggregat e wei ghing/l oadi ng station and a 35 cenentitious nateri al

wei ghi ng/ bl endi ng station in accordance with a preferred enbodi nrent of the

process of the prese nvenLi on 02[,24425 PCT/ S HrWth
reference to Figure 1% {;1 ac%%?ﬁ%ﬂ%% él@tuﬁe gf e%e%cgagg%}%g‘%len%% of the
process, coatlke mndférned eggerdgmess bhRather pretesed rFpasepapntefiner age

pins are 5 digghangeds’ ROLI DRDLASLAL 9na50BLEALA0SRORAGE bOngr avbde Lhe

exact anount gregates to produce a given volune of concrete of a
gi ven coricr edésspepe cﬁFP@ntPﬁablnFslP’éauPr ¥aigBing BEREPEt ECpBEPViHRe

wei ghed aggregat 8xhst hR6Ontrapstaer aggk@gbla@sdtunp%dacm segiterck for 10
transportatl on.to a cenenti t%:OUS mat er | al endi_n statl

he conent] { FORERRRPEr ol CHat ahPhgRbBERAPNGOnCE BEFoRPoCohaHR FLPBUGRSE
mat eri al, waierreguilreiefbeah tbnadditti pesrt haThar eesghadatghyegttredsi n

si | 0s/ tanks Bhn S3RDRLIEdy) RLOLREPAEANC 2oL OB DE-NRRRSKS L0 ol v o

anounts to pro uce are red -anount "o cemsntl I ous rral slurry for
m xi ng W& h thenaggrggg@gncgpraeQemyntltlous material weighing/blending

station.

At the cementitious material weighing/blending

station, cementitious material, water, and chemical

15 additives that are separately stored in silos/tanks are
discharged into separate weighing hoppers in required
amounts to produce a required amount of cementitious
material slurry for mixing with the aggregate carried by
the mixer truck to produce the required concrete. As

20 required, the separately weighed cementitious material,
water and chemical additives are discharged into a blender

and are blended to form the cementitious material slurry.

As required, the cementitious material slurry is
25 discharged into the drum of the mixer truck and the drum is
rotated to coat the aggregates with the ceﬁentitious
material slurry and the ready-mixed concrete that is

produced is transported by the mixer truck to the concrete

pour.
30
The process of the present invention has the
following advantages.
1. Reduction of rejection rate.
35

The specified time period commences only after

the addition of cementitious material slurry to aggregates.



the m xer truck to produce the required concrete. As 20 required, the
separately weighed cenentitious material, water and chem cal additives are
di schar gadoome432: bl ender and are bl ended to formthe ceP€NVBGOI/@US3
material slurry. As required, the cenentitious material slurry is 25

di scharged into the drumof the m xer truck and the drumis rotated to
coat the aggregates with the cenentitious® Taterial slurry and the

ready-m xed concrete that is produced is transported by the m xer truck to
the concrete pour. 30 The process of the present i nvention has the
fol | owi ng advant ages. ed [ ] t cified

ti me period conmences on B Fgérggqﬁérégdggag % gﬁgrgg?ﬁggséggtgrlal
slurry to aggFeaatie§ePw@2ﬂz4425rp@ms@@@/ @@rsgseeanqihﬂ;@e rieauicedi r ed

vei ght of aggeegatesrCanchfiedsamed tseparnat ﬁlla)te'r'iarle%(ih'i‘?:izs ch@r pese and the
required ht. of bleg ed cenentltlgus material slurry Can be 5 produced
g

and n1xed5MAP%°FH8eggap ot gedsapithe thet 890TFasSEORE ¢ fife MR&FSTg regard to
progress at posemnbleuttmenhasiheg. rEba$d|$op@&bg@@b&rb% S @infsitearic iioh

situations L enen |t|ous materia ing.station is

| ocated at r%g %ons?ﬁu%t?%n R e V¢ﬁ188m%hgﬁg %nlﬁl% P8, T ne
circunstancethelqegenénahoushaatereaﬂl@nghahg/bﬂeodnugeB&a&hah éxceeds the
speci fi ed timBchigl! 2kS tnl BLABLrGRTRBHEL 4R LiRe AN JMRkRIaNG sand

dry-m X
10 required.

In the circumstances, in general, the rejection
rate of concrete that exceeds the specified time limit is
minimal compared to the known wet-plant and dry-mix

15 methods. This significantly alleviates the above-described
cost penalty and concrete disposal problems that arise when

concrete is rejected in such circumstances.

2. Reduction of maintenance costs.
20
The cost of production is significantly lower.
There are lower maintenance costs as the system requires
less machinery and causes less wear on drum mixers of mixer
trucks due to reduced mixing time in drum mixers.
25

3. Reduced fuel consumption.

In situations where the cementitious material
weighing/blending station is a mobile unit and is located
30 at a construction site, the mixer truck carries less weight
per unit volume of concrete because the aggregate is the
only component that is transported to site by the mixer

truck.

35 Thus, there is reduction of fuel consumption of

the mixer truck by virtue of lower weights carried.



15 nethods. This significantly alleviates the above-described cost penalty
and concrete di sposal problens that arise when concrete is rejected in
such cir ovost/aaees. 2. Reduction of maintenance costs. 2PCTREeI@3s3 of
production is significantly lower. There are |ower maintenance costs as
the systemrequires |ess machinery and causes | ess wear on drum m xers of
m xer trucks due to reduced mixing time4mdrummixers. 25 3. Reduced fue
consunption. In situations where the cenentitious materi al

wei ghi ng/ bl eAdi ng st atBehtes quabbtyeconttoand is |ocated 30 at a
construction site, the mxer truck carries |ess weight per unit volunme of
concrete because the aggregate is the only conponent that is transported
to site by the nixer TRacRePa3safauBrogReteonsof clggreogntefandel

consunpti on ebmehBetibu8r mhtdekaly sYukkyepatchavwehawekghts peakibed. £¥0
02/ 24425 PCT/ S&0/ 00153 .- 7 tter quality control. Tﬁe separate

: 4. B
product i of "BhgVEggPaL ity CSBFﬁﬁirtious material slurry batches makes it
possible to 5 inprove quality control. 5. Less equipnent required. The

nunber of aggregate Ioggggseéﬁg#ﬁégg L 19rgéoportional to the nunber of
aggregat e wel ghi ng/ | oadi ng at1ons. € nufnber of aggregate

wei ghing/loading stations is expected to be less than the number of
conventional wet-m X affedfymBLx Bfagééregate loaders required is

10 proportional to the number of aggregate weighing/loading
stations. The number of aggregate weighing/loading
stations is expected to be less than the number of

conventional wet-mix and dry-mix plants.

15 Thus, the process of the present invention

requires lower equipment requirements.
6. Reduction in stockpile areas.

20 The cementitious material weighing/blending
station can be a stand-alone plant and there is no need for
a stockpile area. Only a small space is needed for the
stand-alone plant making it highly suitable for heavy

built-up areas where land is scarce.

25
7. Reduction of double handling of aggregate.
Aggregate can be loaded directly at stockpile
areas, such as quarry or aggregate landing areas.
30

8. No wastage due to delays during transit.

In the event of a delay during transit, for
example due to vehicle breakdown and traffic jams, so long
35 as the cementitious material slurry has not been added, the

materials can be reused.



15 Thus, the process of the present invention requires |ower equipnent
requi renents. 6. Reduction in stockpile areas. 20 The cenentitious nateri al
wei ghi ngMb eneli4magy stati on can be a stand-al one pl ant andp¢teGe/i0353n0 need
for a stockpile area. Only a small space is needed for the stand-al one
plant making it highly suitable for heavy built-up areas where land is
scarce. 25 7. Reduction of double handlH 8g-of aggregate. Aggregate can be
| oaded directly at stockpile areas, such as quarry or aggregate |anding
areas. 30 8.9No wast agroddepbDldel aySifdustvagtt §pnbidgel n the event of a
delay during transit, for exanple due to vehicle breakdown and traffic
jams, so long 35 as the cenentitious material slurry has not been added,
the materials can be Asutkd. t\WrB2/ 244 282 PCT 8E0OH DY 1539 r §ga Bes Rontlor
pol lution i nygvedhs 8pbh! 8gCcARehRe Ll bUEKAaPLE, £ATLYLRY onwtaggafgabss
prior to addition of cenentitious material slurry, ¥ spi |
prevented® MaAyPHEBUEREEEti ons nay be made to the present invention as
descri bed above without departing fromthe spirit and scope of the present
I nvention. 10 VO 02/ 244521r51y moé?ggéggégg maygbe qn‘adévsf:o the present

invention as described above without departing from the

spirit and scope of the present invention.

10



1. A process for producing concrete which includes the steps of: 5 (a)
charging a required anount of aggregate into a drumof a m xer truck; (b)
form ng av@bue44ys of cenentitious material, water 10 and POBRGOEI0153
additives, in required proportions; and (c) charging a required anmount of
the cenentitious material slurry into the drumof the mxer truck 15 and
m xing the slurry and the aggregate intHe truck to produce concrete. 2.
The process defined in claim1l wherein step (a) includes charging required
anount s of ceaAg®sSaggregate and 20 fine aggregate in the drum of the m xer
truck. 3. The process defined in claim1 includes weighing and |oading
requi red anmounts of coarse and fine aggregates into the drumof the m xing
truck at an a&ggregate 25pwerghen§prordpdycingt concrgteThbiphotssdudeti ned
inclaim3 w@g@eg@eﬁgegfgb) i ncl udes wei ghi ng and | oadi ng required anmounts
of cenentitious material, water and chem cal additives into a 30 bl ender
at a cenmehtitious materi al wei ghi ng/ bl ending station and operating the

bl ender to fqam the sl ghbyging. aTheqphieedssmdehitned bggeleaiafed ivker ai n step
(c) includes adding a_re ui%ed amount . of the slurry to the 35 m xer truck
and rotating the drun18Fu3h8 nPxBFXEFuERUES’ evenly coat the aggregate to
produce concrete. WO 02/24425 PCT/ S0/ 00153 - 10 6. The process defined

I'n any one Oﬂbshe prec%@%&ﬂng a slurry of cementitious material, water
10 and chemical additives, in required proportions;

and

(c) charging a required amount of the cementitious
material slurry into the drum of the mixer truck
15 and mixing the slurry and the aggregate in the

truck to produce concrete.

2. The process defined in claim 1 wherein step (a)
includes charging required amounts of coarse aggregate and

20 fine aggregate in the drum of the mixer truck.

3. The process defined in 9laim 1 includes weighing
and loading required amounts of coarse and fine aggregates
into the drum of the mixing truck at an aggregate

25 weighing/loading station.

4, The process defined in claim 3 wherein step (b)

includes weighing and loading required amounts of

cementitious material, water and chemical additives into a
30 blender at a cementitious material weighing/blending

station and operating the blender to form the slurry.

5. The process defined in claim 4 wherein step (c)
includes adding a required amount of the slurry to the
35 mixer truck and rotating the drum of the mixer truck to

evenly coat the aggregate to produce concrete.



clainms includes calculating the required anmounts of cenentitious material,
wat er and chem cal additives in a given situation by reference to the
actual amwoony/si4ed 5 aggregate in the mxer truck. 7. The peDs6srdsX i ned in
claim6 wherein the calculation step takes into account m xing | osses. 10
8. The process defined in any one of clains 4 to 7 wherein the aggregate
wei ghi ng/ 1 oadi ng station and the cenment}?ious material weighing/bl endi ng
station are at one geographic location. 15 9. The process defined in any
one of claing.4 to 7 "Vhereroceshe dgfimgdtenwenghong/ bHathagpséaddomg and
the cenentiLi | L ghi nging | t separate
geogr aphi c I%%g??%gg?S%Bé%8$ﬁ%g§hgggg%§sgh§ff%gggkgaaﬁ§8gﬁéso¥@clainB 4 to
9 wherein tfeMapEtEdare Netgkiag/ | valehagasdarhenignd afditévasenint fous
material wei giveg/ bl eadtNgnsh@t reRedbRce PEEMBABNLCELXI UERSUNES d&. The
process fined in_any.oneg of clai 4 to 9 wherein the aggregate

wei ghi ng/ oaﬂ?ﬁﬁeg?gﬁibﬁ gﬂa ?ﬁﬁerggﬁﬁﬁ ftious material weighing/blending
station are nobile wunits. 30 12. The process defined in any one of clains
4 to 9 whergin the ag i, ghi | oadi ng, statiLon and.th

cenentiti ousirat eri al gﬁe:éa |$\%¥% g%el%eé)%rtli%lnag?ebag}h%ﬁ%? n@f‘?on of

per manent fisabeebabhdnnebebetahessings account mixing losses.

10 8. The process defined in any one of claims 4 to 7
wherein the aggregate weighing/loading station and the
cementitious material weighing/blending station are at one

geographic location.

i5 9. The process defined in any one of claims 4 to 7
wherein the aggregate weighing/loading station and the
cementitious material weighing/blending station are at two
separate geographic locations.

20 10, The process defined in any one of claims 4 to 9
wherein the aggregate weighing/loading station and the
cementitious material weighing/blending station are
permanent fixtures.

25 11. The process defined in any one of claims 4 to 9
whgrein the aggregate weighing/loading station and the
cementitious material weighing/blending station are mobile
units. »

30 12. The process defined in any one of claims 4 to 9

wherein the aggregate weighing/loading station and the
cementitious material weighing/blending station are a

combination 6f permanent fixtures and mobile units.

35



