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CONCRETE CURED BY THE METHOD
[Technical Field]

The present invention relates to an apparatus for
reducing a temperature difference in mass concrete during a
curing process of the mass concrete, a method for reducing a
temperature difference in mass concrete using the apparatus,
and to the mass concrete cured by the method, and more
particularly, to an apparatus for reducing a temperature
difference in mass concrete during a curing process of the
mass concrete, a method for reducing a temperature difference
in mass concrete using the apparatus, and to the mass
concrete cured by the method, wherein at least one or more
pipes are disposed inside cast mass concrete (concrete
structure) and hoses having a plurality of holes formed
thereon are disposed on the outer surface of the mass
concrete, thereby allowing the interior of the mass concrete
to be cooled and at the same time allowing the outer surface
of the mass concrete to be heated to reduce the temperature
difference from the interior to the outer surface of the mass
concrete, and wherein during the intermediate step of the
curing process, the supply of cooling water to the pipes
disposed inside the mass concrete stops and heated water is
supplied through supply pipes to the outer surface of the
mass concrete, thereby more efficiently reducing the
temperature difference from the interior to the outer surface

of the mass concrete.

[Background Art]

[ AReaAtjus tor reducing a tenil.:Jeratare difference in mass

for

to an



pi pes are disposed inside cast. mass concrete (concrete structure')arid
hoses ha..-ving at pi:Lir:alit:7 or :10leS terEried. 20.,the.Dt)oti are
di . sposed on the cuter si...zrtac.'e of the Poi:ASS concrete: thereby

allowing the interior of the Mass concrete to be cooled and at the sane
tinme all owi ng EReCEREGr 1§uPf FEERS ifife GRISE CEHEIBt €3 ' He heXtBP I r educe

the tenperature.difference fro e i rior ut er,:syrf.ac t he
nass ohcpgﬁg?fﬁ;yréFﬁt?%%ﬁ%ET@Q%%?fnggésgéeég%Ptﬁggggbpﬁ§}égfJ%bgf?%%g

water to thestphpesodhspased hashgdestheenBssweo8E] et ers ppsaandyheat €d
water. is supplied through supply. pipes to the, outer surface pf the nmass
concr et eathhlesebynnore efficiently reducing tthe 30 tenperature difference

fromthe interior to the outer surface of the Ss.concrete ackor ound
A«ial§_ EBﬁcF@PEr?Eealﬁoﬂﬁggi%% %oﬂ@%?ﬁcgﬁ%ﬂtnﬁ? r?%?*%%%%ﬁ%é
primaril goplfcrg(?,gergonv%%q’ vl andh weder » wWhiveh insimel ] nesistapieto
natural damages due to water, fixes, earthquakes, and so on. The
concr et ecbsicrade B aabat chapbantdaaddconvegyedoby acconetret efriconveyor

commonly called a truck nrxer, Next, the concrete is cast, hardened and
cured toTaresabr éhe befaét arentThrBugROEAE BAt ERVPF&RE, MaRcAnvunt tofe

concrete.m xed one tine,i s neasur.ed an t0. on t 1.Xer nd
after thésldne_cao%eec_i e??drﬁp)?élé e?ontgc? e eqzlogl%g'lresc al{r?b%edlc fr %gnast %eﬁgo&ﬁc?%?e
m xe[p nextpleRing isipedfeviedete is dIReheastedconcset ehacconpantes

hydration reacti on when cured. The hydration reaction occurs wherein solute
nDIecuIemiaprbonsxatmﬂa¢ngmasepeﬁﬁpemaﬂes thereeround to form 15 a nol ecul e
géﬁgpétggg ' %Eg e;gﬁssgogégeggrgkggméggiggl%%%f%é%g%”%eggg¥§gi&@egeat s
cured. The hydration reaction occurs wherein solute
molecules or ions attract water molecules therearound to form
15 a molecule group, and in the process for forming the molecule
group, hydration heat is generated.
The hydration heat increases the internal temperature
of the mass concrete to cause a high temperature difference
from the interior to the outer surface of the mass concrete,
20 which undesirably temperature cracks. The temperature cracks
necessarily occur during a curing process, which is caused by
the temperature difference of more than 30°C. In addition to
the temperature cracks caused by the temperature difference
from the interior to the outer surface of the mass concrete,
25 the shrinkage cracks are generated when the outer surface of
the mass concrete is dried during the curing process.
FIG.la is a graph showing the outer surface temperature
of mass concrete, the internal temperature thereof and the
difference between the two temperatures during curing of
30 poured concrete. About 12 days to 15 days are needed until

the curing is completed. The internal temperature of the

mass concrete is increased to about 90°C by the generation of



The hydration heat increases the internal tenperature of the mass concrete
to cause a high. tenperature difference fromthe interior to the outer
surface of the mass concrete? 20 whi chs undesirably tenperature cracks. The
tenperature cracks necessarily occur during a curing. process, which is
caused tﬁﬂqgg ur i fference, it o the
t enpbr a%&e}!%lac S c‘ﬂjgctu'seagmgyaf tl‘%{e terrpgéeé{gagr%g| e%g%ceeﬂéf}lrﬁcg C!(elzrpibcr?%aeri or
to. the iowerisurfacenef dihe nmassreoner effe,tHahensdy i okageeceacks rare
generated when the outer surface of the mass concrete is dried during the
curing priodesgbout 60°FL G Pedoy angriaph SHowihgs t RENEUEER SUWrFace’1th

t enper at,ur e of SsS concrete, .t .internal tenperature thereof and the

di f f erence bkéjt%ng%e.mpfefﬁatt%e tdelngé?%?rhcreeshad%ﬁ%gm_cﬁ i%rgaco}?s 30 poured
concrete. Abeut,c12.days told daysareheeded untide the cridigd s Gonpl et ed.
The internal tenperature of the mass concrete is increased to about 90C by
t he generfatéexoneofal hydr at sonuheabntandla maxhnumhtemperatiure diddteriEnce

frrimthe interior. to the outer surface of the .mass concrete is nore than

about 60C-SACEBFEFAGRY; tHETHSS BBheRet & Eed Witth. CTHe<hi GRt'énpdr at ur e
differe ha rd S. ially, dardng r S

wher e tﬂgﬁ? ex%%rggt u%g)%()cfcrregc%(errﬁgfeai r%%:%g%él%t%gt'anti aTCPy E:%ﬁ%gg%g ht;i?r/ati on
heat i s @dgeetdereased citherebyn nakingndenper at g ed Crackiso o qiraron itrhe mass
concrete nore seriously. To decrease the benperature cracks in this

i nddé&triraltdied s, vapiotisuptans iemdlCstratErials, o EohsEr vericar tar ilrave

, 0l -raotii ada-s of dhe concrete have been proposed d utilized and as the
blan i n e coRSYPUCTTonoaF t f T T rES hot TEumbben” “ddye. Hior e

par ti cul @rly, - prer Geobieng thr ough ice phani, andopi P&, ool i pgyare nore
introdaced. Alternatively, pipes are installed at the 15 outsSide of nass

concr et epdocidjlectl wateretood hénguterosyhf dce planthentass concret ey
t hereby nmaking the outer surface of the mass concrete wet. The
pre-codl3%Ry i8tearrred- outh ore SubnefYyihg BaRESorigr aveft#htedi @& wdt®er and

m xihag the sand of gravel wiih. 20, ceent., a”&'tl%ttecﬁ natd Vc(?}}e’efaéﬁfféjceom by
sprayi ng” cool i hg wat er” t o aggr egat e or- sand, e pipe codling is carried

out by dispasd nghegualdyrspaceehprpes macihg imd esiosr ofuthecdmss woancr et e,
by casting concrete, and by rxwing the concrete, while coolluig water. is

bei ng cimxid at@d-to ¢ heetpi pes, thereby 25 [owering the internal tenperature

of the mass concrete. . FIG.Ibis schennti c view show n
convent i onal %ﬁpa?ﬁ?ﬁ%o?%?n?edﬁﬁ:i ﬁ@rﬁﬁﬁgkso%tagggd WP Ehr F%ngeo%y

Lot TGIRLE IL0 L0 witer, o Ul veRs cane Lr noudh pLas s
20 cement, and alternatively carried out by spraying cooling
water to aggregate or sand. The pipe cooling is carried out
by disposing equally spaced pipes in the interior of the mass
concrete, Dby casting concrete, and by curing the concrete,
while cooling water is being circulated to the pipes, thereby
25 lowering the internal temperature of the mass concrete.

FIG.1lb is a schematic view showing a conventional
apparatus for reducing cracks caused by dry shrinkage by
injecting water into the outer surface of mass concrete
through pipes. As shown in FIG.1lb, water is discharged from

30 pipes 30 to make the outer surface 20 of mass concrete 10 wet,

thereby preventing the dry shrinkage cracks generated during

the drying process of the mass concrete. In this case, the



30 pipes 30 to nmake the cater surfacd 20 of Mass concrete 10 wet, thC reby
preventing the dry shrinkage crshal S enerated during the drying process of

the mass concrete_In. this case., the 4 dry shrinkage cracks are reduced,
but the tenperature cracks generated by the tenperature difference fromthe

interiordry sheioleee suechce aofe tirdumih doHerldt® senPPrakise . cracks
Further., FIGIlc i

a schemati c view show ng _another cgnventi ona ar at us
f or _redugleﬁﬁrath per &?‘l?rgce&m‘%r&t_éﬁcee Aq#erf%sns?econrcc?mette,e_tHFtoeu]é ]f)?%g
cooling. cAs shewr i FLGelers €QQI hAgsWabeEr60ei stsiorediknto a water
reservoir 100 and supplied to mnmes 30 disposed inside nmass concrete 10 by

means of punpsF(@roheshowr)G. JAccardiaglsyhetihé icoovigg watcerinkC) angohét ows
inside the mass concrete 1.0 to make, the Interior of. the ‘HB?? concrete 10
cool ell. ASNHePEIQPEL PRETeNpSr dtUr & YT et it et FHOTT T Her § nt'et + 6F S£0°t he

P omeyer T 580 At SRS SONM S LASLIRINCL HLAPhEL IBLeNL .

however , “t'he pre-cooling ne nme lens that the ice plant

facilitiescanegnafateasyeot he opesadd ngneosta i Batat sedseanditrhe denmpedat ure
control is not accurately carried out, and if only the pipe-cooling nethod
La adopt edppdnky the trempsrat@r eishoske i ptetdor Nefsst heonassteondr eP¥ is

| ower ed, ther eg;/fof ailing to reguce at t.ur

i nt eri or "E67th& ot ¥IRS sUPPacE 6F ™ he 52’&?&& %é’tgg.t | ffcg%ﬁffﬁ fﬁ(}gg&ghe

r osur e

[ Techpi cgb PneRlsenl, Aceordinglass thedreasenty dhventd ommbasnbeenopade in
view 25 the above-nentioned problens occurring in the prior art, and it is
an obj ecthef ndwes pereserndté nuéntdcarled.o pkoviadecamlappartat uscapdrametraod for

reducing a. tenperature difference fromthe interior to the outer surface
of mass EOREFEEECOWHIIER rdduckdt e hePT nsP alPat PYA S€oSH i Bfough. ©si Mpfe 30

construc ia%g, ~Rer. . fernms jageurate tamperature control, and provides high
constructability.

In conclusion, however, the pre-cooling method has some

15 ©problems that the ice plant facilities are not easy, the
operating cost is raised, and the temperature control is not
accurately carried out, and if only the pipe-cooling method

is adopted, only the temperature of the interior of the mass
concrete is lowered, thereby failing to reduce a temperature

20 difference from the interior to the outer surface of the mass

concrete.

[Disclosure]

[Technical Problem]
Accordingly, the present invention has been made in view
25 of the above-mentioned problems occurring in the prior art,
and it is an object of the present invention to provide an
apparatus and method for reducing a temperature difference
from the interior to the outer surface of mass concrete,
which reduces the installation cost through simple
30 construction, performs accurate temperature control, and

provides high constructability.



-1 X is another object of the present invention to provide an apparatus and
met hod for reducing a tenperature difference from the interior to the
outer surface of mass concrete, whereM) noses each hauinQ a. plurality of
hol es forned on tho 5 outer periphery thexeot, through which boated water

i s discharged.b f ogravity, W no_separate dri.ve power are
%t X_sn%%%sth%r %bgee(%tf Otfl\’,]\nttﬁ% rese%at 1rk%eer‘ttolchnea O t[:hrov1 eer

di sposed ob. the outer surfa mass conc. re e o

surface of .agheramss concietie;d ang: ated o sae €x3ed Ad M(re .di mat.erndd ous
ai onp pl&es di sposed inside the 10 nass concrete, so thet a. curing process
@&d

is conpl , Bl | entoeleenper atlue e ditfefer encéateomit heaknt erdrorratee t he
outer surface o mass, concrete i s_bei red is

f_the n? l%C d. | t yet:
anot her %}he_]é%Jtn ot thie ?)’?_%%e}ﬁ"fw?‘ﬂgeﬁt POHTES P oV dgoéﬁsa§6§%§rh_rﬁlewet hod
"tor sreducidg ademperaliane . Gor,  through. which Hamdde jnteriarg to

rbz-: outer surface of mass concrete, erein 1f the tenperature of the

i nt eri ordofctidioyarhssy conoretet igrdessy t haitla setsdemperatdrerd frywexanpl e,
about 50C) in tho internediate step of the curing process, thenupplied
cool i np et ef 1FBOABE Keat € aryirbre 19 ke Phe erasyr facerefer ho mass

concr et t fLciently, .so that switching valves are operated to

suppl y ﬁhé;aaile%?égdggt/a %ré ]6]‘@? e cut gpesﬁlafsgcgo&prte%g’r’rﬁg @%n%jbe{)es,aq%er eby
ef fici entdye redueingqt hestenpenat,ur es diff epepee. ditsdssaet inst bkl @not her

obj ect of the present invention 25 to provide an apparatus and net hod for

r edd€i nguass t epperater esdi ftherencecdir ony t heotaser iier comptlke cout erhisiur f ace

of mass concrete, wherein eated water is discharged through the hol es

formed on ho5&¥PCRALHFPnp HiEHIGatCS s LE6Werdef onFREIRAoI® otfer StirFace of

tho mass; congret - ret ai ni is covered on the
curing Ec;slanketé,e %hi%ﬂgéﬁse%ﬁneﬁryé%ealt%%%e%o e oudt'er surface of the nass
cohcrere. [Techmd caktSalndtiront objecto @ccenpl ishedde: at hoverobheats,
according to a first. aspect of the present. inventipn, there is provided
an appartdis dor 2R edieieag ta st enper actkheddiffrer epdec enerattedidar atass
congiet e nbl i.n bars, ,setti a for urin

congr ete %r%?]r?egretb Ceea?%r%ﬂ]m &L]ill’%i Injgryr?ge]éh?ir,ng}oprtb%gggﬂgfﬂt h%u%‘ggcgﬁcﬁ‘& " the
appar at usoridved wdi nghe A MR Drvwabher deserMvgiyradapt ed.t 0,$84066,COQ | wat er
t hereinto; pipes disposed inside the formin such a manner as to be buried
in mass concrete is less than a set temperature (for example,
about 50°C) in the intermediate step of the curing process,
the supplied cooling water is not heated anymore to make the
20 outer surface of the mass concrete not heated efficiently, so
that switching valves are operated to supply the heated water
to the outer surface of the mass concrete, thereby
efficiently reducing the temperature difference.
It is yet still another object of the present invention
25 to provide an apparatus and method for reducing a temperature
difference from the interior to the outer surface of mass
concrete, wherein heated water is discharged through the
holes formed on hoses, a curing blanket is covered on the
whole outer surface of the mass concrete, and a heat-
30 retaining member is covered on the curing blanket, which

effectively heats the whole outer surface of the mass

concrete.



10 the interior of the nmass concrete at the tine of concrete casting, the
pi pes being spaced apart fromeach other Py a given distance in such a
manner as to be passed through the mas$ concrete and bei ng connected to the
mai n water reservoir fromwhich the cooling water is supplied thereto, so
that the (k& digmperatageiiofonthe interior of the mass concrete is decreased
and the cooling water supplied thereto is heated. to discharge heated

cool i ng wat errd hecebmpini shosés dilsposedbonrcthe ARET EUrS ate of theStmass

concrete in such a manner as to be, connected tohthe out ppt g@f'?e&’f 1he
pi pes frefAP#RFchothetP® heAEeE Eoof PR Water s Slpplted Thereio, each hose

having a.plural Lty f holes hormed o e ol ol el dhal Yodheraala Lhr ough
whi ch t he®heated” cool i ng water Is discharged; an auxiliary water reservoir
adapted L9sst erecheatedavat By. athenei hhg; i soppbyrpi pest conpeer ed. Lot he
auxiliary water 25 reservoir to supply the heated water to the outer
surface whdt beumdsy comerette i fnthetbemperit uferofdt e THt €19 ofT8F THe mass

te i th t, t t ; ol ..unj t t
upply CAE b8 7 T GR T 6 { Rl R GATBY FESavo P Lo TRE el BECT1 the

tenperature of cthe interdor cof $0-the Jmssngoncsiete ichararietihanptbesset.
tenperature and to supply the heated water fromthe auxiliary water

reser veduitposthe isuppky thiepeoritt itheudnperanurer ofs tie haterfbedott he
mass_concrete is |l ess than the set tenperature. Accordingthe pr

i nvei i ofileddditabiss Phe té”ﬁpal?%ﬁ%scfjggfﬁg? ia%cl%s Lt ¢ fngoggf\é]/{é%
mount ed at _5.pasi ti.ons e o] tedenﬂ,%lqg‘ the, sdHpBhY PIRES & ea

di sposedcﬁgt%ﬁ/g‘gh tﬂnhee p?%% aﬁ%gﬁﬂe% os%es E. stint oft the supply. of the
cool i ng waten, dashid-e.csuppl yéiungh t hemhaatedawatrer Heo tdresdbsesrohyloughet he

supply pipes, if the tenperature of the interior. of the mass concrete ]
| ess t hamashe coetcredet empebatuge connectadcsPdiig FaIEhB2pFEsERECTYRVENL | on,

desirably, [ .t he heated ' t t
o ng. HE6Hg B 0T er CCOH-A0e BT She mROR CaRGr 6l G- ThPouGR Thg e

fl ow ng mass concrete t

di schar gi.ng fraomthe ol yhal iihyefi chobes tak hhesheoseacdespeseadcibasndt he
outer surface of the mass concrete, the apparatus further includes: water

recovery aduct:siedicspdsed alaarg thepédges tokrehe Masscebrer EPedisghardat er

recovery pipes connected to the water recovery ducts to collec eat ed
cool i ng Werérorcahel Heat & hat BFLE6T PHE isﬁgv\étllegrp,osre e?r%/o]&rl% ég%eg

alternatively, furth | n¢ludes; passaggsnbdpned nal-ongs & he-gdges
where t hesuﬁafsascecoﬁ%r (eattrheé aﬁﬁgghec%?r{\%%%e neet each other to collect the

heat ed coQJHimg teat efoonHeheoheated enatser of hehet opipad Waber wietcdveryepi pes
connected to the water passages to collect the heated cooling, water or the
heat 80 heated cooling water is supplied thereto, each hose“having a
plurality of holes formed on the outer periphery thereof,
through which the heated cooling water is discharged; an
auxiliary water reservoir adapted to store heated water
thereinto; supply pipes connected to the auxiliary water
25 reservoir to supply the heated water to the outer surface of
the mass concrete if the temperature of the interior of the
mass concrete is less than a set temperature; and a control
unit operated to supply the cooling water from the main water
reservoir to the pipes if the temperature of the interior of

30 the mass concrete is more than the set temperature and to

supply the heated water from the auxiliary water reservoir to



25 water to the main water reservoir, and alternatively, further includes:
wat er recovery pipes adapted to connect a position where the heated water
or the heated cooling water gathers torthe main water reservoir; and water
recovery punps provided to collect the heated water or the heated cooling

vater ta 30 é{iﬁg[‘%‘r gég%:se.ri{ o ‘ég!,eﬁmaé%%g?yto@e VRl ef [ ECOVLT Y, (D RES.

According to inve esira , the apparatus further

i ncl udesiadd rsdnpiims i sposed et ween dde tdugmmtruat er reservoir and the
pipes to supply the cooling water to the pipes; and second punps di sposed
bet ween t hb &gxiclridanyg water thesemv@iserand trhersupply plgses A0 Ysupplhe t he

heated water to th |y pipes, 5According.to th t ] tiaon,
desi r abl Y 1e- tippat at US°T ur thif “1HCI udgs “a G i g BFanker over ed-on t he

outer syrface 9fs themass:£oncy gte,d 0.absorhra partisonef, t??p@@t'ﬂa%%
cooling water or the heated water being discharged through the hol es,
t her eby aldowaty bhewabsortied héated dml cooki ngowat eroorstidte absordied

heated water to be contacted with the outer surface of the mass concrete,

Accor di n R ¥ el pries eito H iveta ey, desi rabiyeP thi Gt atars- SurtHerr
| ncl udes & fp2tplele Q%,Pgu&ﬁ”%é S%gr&%f' 2B Lhe 4 e é%n%%ﬁfatte&&%t ‘éo%fﬁet he

heat of % e heated cool1ng”15 wat er fedt e er abso

curing blankethterior Aseorghdga@ st heopresent inventdpnehdesi tabl yeit he
heat - retainihg nmenber is formed of vinyl canvas or. bubble sheets.

Accdfdi ngemtee tdieipr esent i nvention, desirably, the auxiliary water

reservoir includes,heatinq:neans adapted to 20 he%t t he Teated. wat er
st or ed theeiﬁF&Prdlng to the present invention, desirably, so as to

collect the heated cooling water or the heated water flowing
along the outer surface of the mass concrete through the
discharging from the plurality of holes of the hoses disposed
15 on the outer surface of the mass concrete, the apparatus
further includes: water recovery ducts disposed along the
edges of the mass concrete; and water recovery pipes
connected to the water recovery ducts to collect the heated
cooling water or the heated water to the main water reservoir,
20 alternatively, further includes: water passages formed along
the edges where the mass concrete and the ground meet each
other to collect the heated cooling water or the heated water
thereto; and water recovery pipes connected to the water
passages to collect the heated cooling water or the heated
25 water to the main water reservoir, and alternatively, further
includes: water recovery pipes adapted to connect a position
where the heated water or the heated cooling water gathers to
the main water reservoir; and water recovery pumps provided
to collect the heated water or the heated cooling water to

30 the main water reservoir through the water recovery pipes.
According to the present invention, desirably, the

apparatus further includes: first pumps disposed between the



According to the present invention, desirably, the apparatus further
i ncludes a surface portion tenperature_sensor disposed on the outer surface
or. the mass concrete te neasure the tenperature of the outer surface of
the mass 25 concrete and a center portion tenperature sensor disposed in
the intempon ofatde massrooner etedt ¢hvealliPest e t enpetat (e of Othe™d
interior of the nag concrete, erein _the contrgL unig i%

Bﬁ is d

. h
heating ffeafi§ t'c° suppl ¥ power t9 t F& 85t i A heand S5Rd opefgﬁgggfaggeto ‘e
SwWi t chi ”Q;jk%'l‘i%%y' fvatthe 3Q denperature wfe thed nf 651945 of o t heppmBStigOncret e

obtained fromthe center portion tenperature sensor is |less than the set
t enper at tee-esowbhatr the thapphypofy phecheated. cooling 9
5 According to the present invention, desirably, the
apparatus further includes a curing blanket covered on the
outer surface of the mass concrete to absorb a portion of the
heated cooling water or the heated water being discharged
through the holes, thereby allowing the absorbed heated
10 cooling water or the absorbed heated water to be contacted
with the outer surface of the mass concrete.

According to the present invention, desirably, the
apparatus further includes a heat-retaining member covered on
the curing blanket to keep the heat of the heated cooling

15 water or the heated water absorbed to the curing blanket.

According to the present invention, desirably, the heat-
retaining member is formed of vinyl canvas or bubble sheets.

According to the present invention, desirably, the
auxiliary water reservoir includes heating means adapted to

20 heat the heated water stored thereinto.

According to the present invention, desirably, the
apparatus further includes a surface portion temperature
sensor disposed on the outer surface of the mass concrete to
measure the temperature of the outer surface of the mass

25 concrete and a center portion temperature sensor disposed in
the interior of the mass concrete to measure the temperature
of the interior of the mass concrete, wherein the control
unit is connected to the heating means to supply power to the
heating means and operates the switching valves 1if the

30 temperature of the interior of the mass concrete obtained
from the center portion temperature sensor is less than the

set temperature, so that the supply of the heated cooling



water fromthe pipes to the he:3es stops and the heated water fromthe
supply pipes to the hoses is supplied. According to the pT_7.:1y3ent
invention, desirably,. the apparatus farther includes a connection pipe
provi ded between 5 the auxiliary water reservoir and the main water

reser VOiv\rraé%: SfIPgrlnytf}uQe Egglsl ng \é’%tee%osst&gsggs%&ﬁnsgat f% t‘tq:}':eier}leva\atteec{ wa Seerr Vol r

to the auzi ary wat er eservolr. present i hventi on,

desi r abl yxoh hen€ontFol v Ui ge €0nd rals Hde-d i rstspuppse4 o0 adjust. the flow
rate 10 of the cooling water 'being supplied to the pipes afld the second

punps to adjdstcaridnfd owo r dttee ofpndrerieatiedr avat eyn bei arp istppl i ed thoe t he
hoses, According to the present invention-, desirabl t he tenperature
differ erntPFrdm's hJLeu Meri Jorllcf‘b‘_ifsf‘leal o?ﬁr_ér?e%m‘?%c%lfi% QJ"?O‘E%I”/E%‘?C?Td%%t‘F(r%iDEr ete
s o8l culigl ed. by Lhey Gontel canldvo Andid dhe demperaler e dldfpsance,

e contro i fference,

cal cul ated by t unit is nore then the set tenperature

the firstupurpstaeecoperatediaterl.h)osupply. thheneool ivig.e watefe tvo t:0e

pi pes, To accpnplish the above objects, accordinp to a second 20 aspect of
t he presentthiavemti bery HérlesT srprovided: a met hod for reducing a

tenperature djfference generated in mass concrete, the neth i ncluding the
steps of: asg’gﬁtﬂﬁcﬁ@% rgtno bat?rée, et uplIhV?Ibq’Jrﬁn’anoded?]s]b%é'%g att%ef east

one or moFe: Phpes,iNside: thes fardn i N Such @ fmaneryfsst o he passed2d
t hrough the mass concrete built by casting concrete in the form disposinp

at |l@astodneher owrkihpses-eceache hayi ngpalplkdr atdt yhef highes bodmechon the
outer periphery thereof, the outer surface of the nmass concrete, connecting
the ot hetesie EHEESofCt hefpiiges 6 t hé CHosestandfone’%i d62éhtls Htdhe 30

pi pes to,a iguﬁifédrggegggiﬁoéggp whi ch the cooling water is stored; and

di sposi ng an au rary water reservoir in which. heated water is stored and
supply pi pes ragdaptadd o ccsuppley thedheat edi wadieri dro, t he= outes] sur face of

the mass concrete; disposing water recovery ducts on the sides of the mass
concr et ecUMPF 0 A AY Wal &7 r pass agewn oM e hien ‘eelgesr wheréh¢ hel s ss'coheret e and

th t h ot her; ! |l yi th li t t d i t i
vat dr. reserU6i FAcs RAHHEs ty TRLNELoTod i PRt CHanye  bifdn AHeE 1t effor at r e
di fference M@%&Jﬂ?ﬁkaw%oaiﬁf@ef&eﬁc@%%rlc%%ft%@ebcg,f the mass-congrete is

geneat ed; cooling e interior of the mass concrete by the cooling water

suppl i edid ondhe phpestandst@ supplkyiengrichelifegatrechagol ig Wwater dandde
hoses; discharging the heated cooling water through the holes of the hoses
to heat e ORtet UrFace Pl y e dreseC comereteSr clo? | ettt i P he heat ed

fﬁg' ihggt ‘é’gt §grot ioan%é‘&n eﬁsﬂiti OQﬁ??_%?)g)%eoroéjheec%t €L LEEQYREY tAUGE Syo L&L4T NI NQ-
20 aspect of the present invention, there is provided a method
for reducing a temperature difference generated in mass
concrete, the method including the steps of: assembling iron
bars, setting up a form, and disposing at least one or more
pipes inside the form in such a manner as to be passed
25 through the mass concrete built by casting concrete in the
form; disposing at least one or more hoses, each having a
plurality of holes formed on the outer periphery thereof, on
the outer surface of the mass concrete, connecting the other
side ends of the pipes to the hoses and one side ends of the
30 pipes to a main water reservoir into which the cooling water

is stored; and disposing an auxiliary water reservoir in

which heated water 1s stored and supply pipes adapted to



15 ma' .n water reservoir through water recovery pipes connected to the

wat er passages or the water recovery d1 cts and water recovery punps nounted
on the water recovery pipes; and if the tenperature of the interior of the
mass concrete is less than a set tenperature, stoppini the operations of

the firstupplpunps: byeatedntwadlemunte tidisshatteff sthdasgppby 61t He2Tol i ng
wat er supplied to the pipes,

p operati ng second. punps .di sposed be en the
suppl y pFpBSTERE‘t HéSRAXI I Pary "Wt &S é@&yvgiurCtﬁy%hetqlceonﬁlr% s u%ji; }[/\9%%
sugoly the_heafted water,forLhg;Qyt &fsyr faces nfed hen mMess conELtend by ough

the supply pipes. 25 According t0 the present 1nvention, desirably, the
step of dhspesisag ddne rsutpplaydpitgies frrtrhemdaicd ugkesh t diehst epsepp HY sposi ng
sw tching val ves between the pipes and the hoses in such a manner as to be
connett e8heo O 1S pIaF i peCrethdl® hehst BR16f "SSPl ViGTs e thedt ed at er
to the outer _surface of 30 the co e fupther r the, st eps of
operating PhR& swi'% chig Val (%/gs g?ﬁ?ﬁe %glﬁﬁsél ul"lvrrkllle'tPl to&g utto “the "1 |

suppl yi ng; the heatedrowatee tacbheohosesthbroughrt ersuppl yt phpesass the
tenperature of the interior of the mass concrete is | ess than the set
t enper at upecrAteor ti ngydroe tdtee pr esentl lingvehtfoninigesieablof, the steps5 of

di sposing. the supply pipes further includes the st f. di sposi_ng curing
bl anket Sﬁnf:ﬁgt@ut}g}’ §§‘refa88o FNPhe"HESS OB ers, gg t HA Pﬁgecsur?rﬁ%

t i t fq o Of ot r
ankFt  3B3PARTAE, RALL RNl (D nen) kol alo dihacsed; |k ougi-d

pluralit the hoses thereto, in the step of collecting the
heat ed ceaki ngatdtwatesling waBeeordirogght dltchehpresent itmeehtdsasy to
desirably, after the step of disposing. the curing bl anket

a. .
heat - r et AFALNG Nferbere T sSebiaredOobn (ke oW g B arket . CALLST diHy £0o°t he

present invention esirably, th u Lpncl ude he of
suppl yi n}j‘eﬁg\?@r ?%Ogleré i Hqgatrréeranggnol%] e %%ér{ déggﬁégggxiWar%;%m%q%%gP

reservoi Lebyykhe contts) QEthQﬁiﬁ%nHﬂQi heaheat ddwa iheat edtewvater, the
According to the. present 1:2TlIVeSTLI.CM desirably, the flowrate of the
cool ifg watler wbeigy sepptvedr t bhthedpi pesecand:eadyery pipes connected

to the water passages or the water recovery ducts and water
recovery pumps mounted on the water recovery pipes; and if
the temperature of the interior of the mass concrete is less
than a set temperature, stopping the operations of the first

20 pumps by a control unit to shut off the supply of the cooling
water supplied to the pipes, operating second pumps disposed
between the supply pipes and the auxiliary water reservoir by
the control unit to supply the heated water to the outer
surface of the mass concrete through the supply pipes.

25 According to the present invention, desirably, the step
of disposing the supply pipes further includes the step of
disposing switching valves between the pipes and the hoses in
such a manner as to be connected to the supply pipes, and the
step of supplying the heated water to the outer surface of

30 the mass concrete further comprises the steps of operating
the switching valves by the control unit to shut off the

supply of the cooling water supplied to the pipes and



20 flow rate of the heated water being supplied to the. supply pipes
adj usted by the control unit:, Accprding to the present invention,
desirably, the tenperature differenceifromthe interior to the outer

surface of.

roma surface portion tenperature se Sor ISp e

are

the mass concrete is calculated by the control unit, based 25

upon the, W{l@%%ﬁé %featt@%f Q&L S’E'éf%% ar{bdsé%‘ thP&&‘ hoLnaf std(}gn

concrete

on t he

outer susfiace of tihe tmgse conereter and acentielr por tilon depeiatdre sensor

di sposed in the interior pf the mass concrete? SO t hat

cU di ffeir%nkﬁes%aﬂw attfei‘j Seti'v tﬁ@%@ﬁwm unit is nore than the set

tenperature difference, irst pu are o
to the presenfament |té3n "¢ s??%ﬁg {Tpf.')g

Accor

O Lo T e ...

heat gd wet e&iE?oEEﬁgOL&ther swiace, %eéh*%u%%%rcoﬂ%l‘%}c?es atﬁQ”@%%b' fo

i s disposed be

ween ' the main water reservoir and the auxilirary water

if the tenperature

d| ng

pl pe

reser voididmo Sisyuppl yurhegcodkinng twatrertist osede t nsthéamai pfwater eeser voi r

to the auxiliary water reservoir. According to the present

i nvent i oqen%fream/ Chgt efh g HE Chitg Hfglqd“rliﬁ:fesas,b%f thet miss-kohctet@q s
conpl et refllle a of n ord| to the
present. en |anévee(§tv|9%n Eocgls?cr a%‘?%/eogt%yro mal'lsncinoen re e | s yguorég1 @gc e[ hod

for reduciigs athepper at une dif ferances . cLAdvant ageeus Efefaﬁt@os]co%acmgil ng to
t he present invention, the hoses each

15

20

25

30

water.

According to the present invention, desirably, after the
step of disposing the curing blanket, a heat-retaining member
is covered on the curing blanket.

According to the present invention, desirably, the
method further includes the step of supplying power to
heating means mounted inside the auxiliary water reservoir by
the control of the control to heat the heated water.

According to the present invention, desirably, the flow
rate of the cooling water being supplied to the pipes and the
flow rate of the heated water being supplied to the supply
pipes are adjusted by the control unit.

According to the ©present invention, desirably, the
temperature difference from the interior to the outer surface
of the mass concrete is calculated by the control unit, based
upon the temperatures of the outer surface and the interior
of the mass concrete obtained from a surface portion
temperature sensor disposed on the outer surface of the mass
concrete and a center portion temperature sensor disposed in
the interior of the mass concrete, so that if the temperature
difference calculated by the control unit is more than the

set temperature difference, the first pumps are operated.



15 having the plurality of holes formed on the outer periphery there of are

di sposed on the outer surface of the Ss concrete, thereby increasing the

tenperature of the outer surface of th&€ mass concrete, and. at the sane

time, the pipes are disposed. in the interior of the mass concrete, al ong

20 whi ch t he roobiagnwater fhewpradwertebynrooting, t Hesimedrlivor bffehe nass

concrete, so that the tenperature d'ffergnce fro C}ﬁﬁéinteriox to.the outer
(6] t

surface 6FSt IféSrasst coer et €Y s“Fadliad °to "préver ei?HE$EaFuEF%Eﬁs
caused by chigh, terper BLHEELOLTT o ea6ee23bR [Ned e apdhal &y Shepuebnt he

curing process, noreover, if the tenperature of the interior of the mass
concreteths hess thaert hessetrotienpedatueea(kol iexanpbhegrabeatr8iC) ot he
supplied cooling water is not heated anynore to nmake the outer surface of

t he nlisssconévetidenctohkdtedvet i cFEALRY, 18c)ths0 st YheSSwrEERFHG Val ves
are operated, to _suppl.y the heated water to the outer surface, thereby
efficien?Pygpgdﬁgﬁﬁgl%ﬁg V@%ﬁérgfﬁFévgﬁfference, 13 Al'so, .the
tenperature atathe -Qung licercsdr taksdmt atntbecfaa, . dedicomiet,e hster
increased. to reduce the tenr,:leir(Edg.fre difference fromthe interior to

t he out ethsurdacenof prheemasso fconbeetr@sandcehuset® preventotdieed nt éRfa

cracks caused by high. 5 tenperaturg difference, and further, the curing
bl anket , PMRIFEh 2&Bs drigs SCheYhésPed CoolirAg “wafer or the heated water

ther?@f’: I S. &&é@@ﬁiﬁg%s‘?%@ gﬂ'fé};e&&e QWS S fages pfathe nBss gaBerete,
e y

t hereby effective ating the outer surface of the nmass concrete and
preventi pgntthetsurfaceueeacksy causedetdOdbyotrhecdiyirshra nkageeohttihe mass
concrete, Additionally, the heat-retaining nmenber is covered on the
curing bldaaketrrenciger eby mmi ntai ning the tenperature of the heated water for
| ong houri and increasing the heating. efficgehcy of the outer surface of
the mass tBAERBtRISAPS0 TE5CtRAe hoses haying the plurality of holes are

di sposed On t g?%?g?ﬁ%e? opp{ﬁé(ﬂg&é@ﬁ%#uai S qncrete,. and thiis, the

heat ed wat er OwW ng~ al‘ong e outer. surface of the mass

concl gt e rgatiher .o phermetef pecaversy dueles and dise retuenegetraphbeymain
wat er reservoir through the water recovery pipes, 20 so that the water is

ci rcul at ethewictdf r elrat | viebposami | powethe whiete di iex fesnofifcaltheadfaffages,

concrete, thereby increasing the temperature of the outer
surface of the mass concrete, and at the same time, the pipes
are disposed in the interior of the mass concrete, along

20 which the cooling water flows, thereby cooling the interior
of the mass concrete, so that the temperature difference from
the interior to the outer surface of the mass concrete is
reduced to prevent the internal cracks caused by high
temperature difference.

25 In the intermediate step of the curing process, moreover,
if the temperature of the interior of the mass concrete is
less than the set temperature (for example, about 50°C), the
supplied cooling water 1is not heated anymore to make the
outer surface of the mass concrete not heated efficiently, so

30 that the switching valves are operated to supply the heated
water to the outer surface, thereby efficiently reducing the

temperature difference.



(Description of Draw ngs] PIC .la is a graph showi ng the outer
surface tenperature of Ta.3S concrete, the internal tenperature thereof and
the 25 difference between the two tenperatures during caring of poured
concrete, FIGIt is a schematic view show ng a conventichal apparatus

for reducing rs%Cksctheau‘ég gﬁ(ag& esggi Qlﬁ%g% yeLM suffdeé MJfI ltgleW%ags into
0 pi pes, lots a

the outer surfacé mass ctoncrete throug

schemat | €orvt e sShewl nhanothrer coneenticenathappamnatusthioe reduc g
tenperature difference in nass concrete, wherein piges are di sposed i nside
t he massfxonctleteinthroagh tehitéle cooldmngswatere fpowshe masspIQITHE-SQ

perspective view showi ng an apparatus for reducing. a te rature..
differe iﬁjﬂﬁkst8on8?8Y8n cc@?%irﬁPQifo%ilgﬁ?C oaﬁﬁggg g?ytﬁg“ﬂ}esent
| NVeRti Opperat B 38 & @& Rectional view,kaken glong, t igy | ie, A A, of
FIG 2 FIG3b 1s a plan view show ng the apparatus accordlnd to the
first empoditmeabsoebst héepriesentd | nveht hgnwater & G Hdei deatkbldockatdiragr am

showi ng the signal flows of the apparatus according to the first enbodi nent
of . the 'Prestnt i Aventlies FICBiaFiow Ehart tSRowiHga methedsf 6 rieduci ng a

gﬁbngglrf‘é#na{se% fic%{%%ee{‘&g icﬁegggs E%%%%E%E%e%‘?%@t%gt NS A2 18 race
present 1 nvention,
of the mass concrete and preventing the surface cracks caused
10 by the dry shrinkage of the mass concrete.

Additionally, the heat-retaining member is covered on
the curing blanket, thereby maintaining the temperature of
the heated water for long hours and increasing the heating
efficiency of the outer surface of the mass concrete. Also,

15 the hoses having the plurality of holes are disposed on the
upper end portions of the mass concrete, and thus, the heated
water naturally flowing along the outer surface of the mass
concrete gathers to the water recovery ducts and is returned
to the main water reservoir through the water recovery pipes,

20 so that the water is circulated with relatively small power,
which gives economical advantages.
[Description of Drawings]

FIG.la is a graph showing the outer surface temperature

of mass concrete, the internal temperature thereof and the
25 difference between the two temperatures during curing of
poured concrete.

FIG.1lb 1is a schematic view showing a conventional
apparatus for reducing cracks caused by dry shrinkage by
injecting water into the outer surface of mass concrete

30 through pipes.
FIG.1lc is a schematic view showing another conventional

apparatus for reducing a temperature difference in mass



FIG6 is a. graph showi ng- the outer surface tenperature of mass concrete,
the internal tenperature thereof and the difference between the two

t enperatures during curing of poured cbnecrete m. accordance with the
curing time through 20 the nethod according to the first enbodi ment of the
present icpvienticen. whereinFb@Gpesi sra pesspeetli vesudewcshowing annappatat us
for reducing a. tenperature difference in mass concrete according to a
second eBEAIABNINGFNt KEOPLESeNE tRAVERPISN. 25FIG 8 is a. plan view show ng

t he appar at usF@ﬁpgrqisngat (s)%;ﬁepes qnd gg‘ggdi&?ﬁ;g;i.ngo; ahheJy-gsents i pyention_

FIGqgis a blo di agram show ng the si gnal ws of the apparatus

accor di ngchoctihg secantemnadiaent £ fofeidie presens toventtonac30FHGd0 is a
flow chart. showing a nethod for reducing a tenperature difference in nass
concr 2t e taceorfdirsg tobrhddérsacord &rtodirmeRttof"VARTAPBSent invention_
(r-,es tfer Thuyentl ad Her einaft.er, .an ezpl.anati.gn : Py er ~toe
and net hod foF%¥e3ﬁc?ﬁgaaSF§ﬁﬂé¥l Lﬁ%}%“fﬁ%h%ﬁuﬁgqquéggéoggﬁ%rété dé?ing
curing aggerding to the present invention will be given with reference to
the attached drawi ngs, in the detaigeo description on the operating
principle of the.ppefereedlenbodierentosfinghbhpr bseatrainveatrondisgg. to

expl anation on their functions or configurbtions well known in the art wll

be avoi dé@ef 3r Iite SBROGHIof thé "GeSEFPFTFon Y EBEUP her, in t be
descagftlon. efcthe Lnyeption Aﬁﬁarégfgﬁgﬂgﬁ%tgh ggigﬁéﬁc?§9w9r6¥‘89§1

furt t he ' sane conponents are”indicated by t sane referenob nunerals

as each QichematQy the-otdetg hand tHd firss expoessedtt hdt . tlee compenent is
‘connected” or ucoupled" to another conponent, 15 it should be understood
t hat the icompdériemnt. i s connected or coupled. to another conponent, and

o oo VeVt e CORSTNL = T epese e el o
not define Lhe prgsent:kp¥ephi-an, i PutnafL dehbpedeasadd®rding to the
15 first embodiment of the present invention.

FIG.6 is a graph showing the outer surface temperature
of mass concrete, the internal temperature thereof and the
difference Dbetween the two temperatures during curing of
poured concrete in accordance with the curing time through

20 the method according to the first embodiment of the present
invention.

FIG.7 is a perspective view showing an apparatus for
reducing a temperature difference in mass concrete according
to a second embodiment of the present invention.

25 FIG.8 is a plan view showing the apparatus according to
the second embodiment of the present invention.

FIG.9 is a block diagram showing the signal flows of the
apparatus according to the second embodiment of the present
invention.

30 FIG.10 is a flow chart showing a method for reducing a
temperature difference in mass concrete according to the

second embodiment of the present invention.



20 concepts conformng to the technical spirit of the, invention on the
basis where the terns are appropriately defined to explain the invention
best, [Configuration of an apparatus ibor reducing a tenperbtuxe difference
in mass concrete according to a first embodi nent 25 of the present

inventio B%%dc' N{adrgat oq:d If or reduql ng a tenperature difference in MaSS

veniion . .
concrete using the apparatus Her ei nafter, an explanation on a

configurati Omegei%@fac@%r altis L of  feduchng a 1empepat uegsdLiferece,dn mss
concrete according to a first e. mbecLbdent of the present. 30 invention

w ||l be gpwversdikitsd,a A én2etstuige pel Specthve i eves<idoriow g @ncappar at us
for reducing a tenperature difference in mass concrete according to a first
enbodi medtr bEI t heCpFesent CO16NEnPERErHh, IAYSSHOWR it lFI G Z1VAT appat at us

for reduci a tenperature difference in the mass concrete | y, i ncl udes
hosed: 3001 HTSabsed bR t HECUPBSF S Bart i O HTNG out F saFace 96+ B4 he

mass congsetei d0ioPi pes 12 dio@m%%qn@asg@gntchgqeghoﬁ thee i nt-efiorr&0 of
the mass concrete 10, a main water reservoir 100 in which cooling water. 60
i s storedpbddistnpuopstitOpraater recevérynducts e4Q0,ara pouwn g bilamket 200,
a heat-retainjng nmenber 210, water recovery pipes 136, an auxiliary. water
r eser voi F700 RS whitc i Helat @4 wat St 6Yeili 1}6P‘§'Frbr &, Sécend” pﬁfﬁ'ﬂrg 730,

suppl y. g@gf&eglg%%d@}pé Sx%ex??t?%’?' Ynd hg%%g% L water. 61 therethrough, a

connecti on pi pe adapted to connect t n water reservoir 100 and the
auxillor ary maimude@ser,voiin 70ha tddddkigpuinn 750F atrttk a condmol ouni i 600.
15As shown in FIG 2, the pipes 120 are passed buriedly through the

interi orrSeptnehe hasstéencréteched The pilpes 120wt edisposed | dlde a

form before conC{ete casti g:f nd a%e leri ed in E%gei Q}Ke:ri orumSe(]): qfs tahg nmass
concr et “ 107 e pi pes fiﬁ{]aae Ton écted 1o the ‘maln " wat e réservoi T 100
into 20 whkchothe cooldNgrmat ef nEQ 119,84 or ed” \Mates kspsdpRbhed.nthe; main
wat er reservoir 100, and a given anmount of cooling water 60 is stored

t her ei n.céupdhent tlhe “fdarsteqpunyy 110 I'sonpuntiéd thetameermessachopppecd20 and

t he %n,wat er reservoir 100 to sugply. the cooling water 50 stored in the
mai iwat BF  S5PESEr 5 rUneer T oo eachpitpe ocomponent 1s connected or

coupled to another component, and alternatively, another
component 1is interposed between the connected or coupled two
components. Therefore, the terms used in the description
does not define the present invention, but are defined as the
20 concepts conforming to the technical spirit of the invention
on the basis where the terms are appropriately defined to
explain the invention best.
[Configuration of an apparatus for reducing a temperature
difference in mass concrete according to a first embodiment
25 of the present invention and a method for reducing a
temperature difference in mass concrete using the apparatus]
Hereinafter, an explanation on a configuration of an
apparatus for reducing a temperature difference 1in mass
concrete according to a first embodiment of the present
30 invention will be given. First, FIG.2 is a perspective view
showing an apparatus for reducing a temperature difference in

mass concrete according to a first embodiment of the present



The cooling water CO stored in. the main water reservoir 100 is supplied to
the pipes 120 by neans of the first. puynps 110. The cooling water 60
supplied to the pipes 120 is heated by the internal tenperature of the nass
concrete 10. 30 That is, in the initial step of the curing process, the

i nt ernal ipgapeianur e 2of thevimés doicret M 02PREBAESS WEPKI F %8 YHAge et ween
about 60C. and 100C, a the tenperature of the cooljng- ter- nmes
within atﬁﬁﬁﬁéa%}éfﬁegﬁ%gﬁéﬁ{‘c@ énantgl%dléssrhcr%rb%%e%%e %lg%ﬁf\?r gﬁlcs%pcgészl on
therebet wegns abeordispE3ky the tﬁ@ldgﬁgaﬂ’\’aéc%ti@l ist heat esliaand theriad eri or
50 of the mass concrete 10 is cool ed. cooling water 50 is

heat ed bygomed@nshef mthe tenperatuié,obpiphe iLAfediopo56dopashed nelssoedncret e

10 and is supplied to the hoe as 300 in a state of bein% heat ed, The
coel ihg KAEer 1n6OTsPbred it HE nBPASwAERCreser vdlr F00"€aPpi Y2 o the

pi pes 12 S t fi p 110, ng t he. f ik st puUNPS; aK'S
controllgggé§g§ﬁg dg%%rg d%%?é%oggkﬁﬁéﬁé6?*%??u§9ingstﬁg%§§§5|y§§%%£d of

t he cool bagpswatier, 60 tand e fdrow dattes 19400, hes ahpesnd 20laThat 260, the
first punps 110 are conposed of inverter punps controll abae by neens of the
control beghalreapphiied fronPehe bt r ofa i t .LeBOUEr Y15 PABEET dX%@Iy,arﬂ he

cooling water .60 is supplied to the pipes 120.a i.ven fl r at.e abl e
of enhgnéPﬁéEﬁﬁ5yhéﬁfx§£cﬁ§ﬁ8£V8FFi6ﬁ%ﬁc§nbg ﬁéénﬁ‘ 15“208??%%-%ahtg$p60

exi s{g ngsipside the piyp 0 anci .suhe J ntesdor7 89 apthed messseopTy et e
10. Ffurfheri t he .flomﬁ?g%% of tniafﬁ?SQQfﬁé water 60 -13:1 the 20 pipes
120 det erhienesethedt emperat Wle ohetrhehheatkd cooldomgeamdtien spppki et o t he

hoses 300. Under the control of the control unit 500,,thg%i OM/rate?of t he
cool i nb RAPEEEE0 T&. INEGS pese2013 5 adiftiStled EBAr Poiv tHE ¢ ERfler atBre of

t he heat Ling e i . S.U ie . t.he e 00 e Lihin a.
range be§%§g§938% 3%35788?8E081§ ?ﬁg'h%s%glggopggg 2g§he%%§dg cdm bl
correepopdiirglkyoto the pipes 120 in such a manner as to be disposed on the
outer surface 20 of tho mass concrete 10. Ae shown I n each hose 300 is.

cl oséd at. tbbsemdortierbof Fafd 2hastize pPapaki th2 bf 2hel €253ED BBriefrhed on

the outer periphery thereof. Therefore, the heated cooljnhg r lied
to the h5§§§u§§0%ﬁ§ dﬁgsﬁ%Hﬁ%dggtﬁFuﬁﬁetW‘ﬁ%lﬁ%ﬁﬁ %}%ﬁi blggﬁélﬁfgggthe
hoses 30Q.,(As; showishhsedrl Gns2qet N h9seSH300rar e dregated Qisdielat avel y
hi gh positions on the outer surface 20 of the nmass concrete 10, so that the

heat ed ceaki ngniatceribeing tdhsehargedOt mfougle tiwss hot@scB3diOe nd ur aflhy fl ows
downwardly al ong the outer surface 20 of the nass concrete, 10

. it
gravity, pipes oﬁﬁQuﬁoQQ?QQﬁgfﬁ?sﬁh%wﬁﬁkﬁrﬂﬁﬁeﬁfr?%%r%?%ge%ggi%@gﬂtion,
f“rtEGr’W%Q%ha@%ﬁ*%é5115§'H9€ért@8 VAl &t ored. Water is supplied to

the main water reservoir 100, and a given amount of cooling
water 60 is stored therein. Further, the first pump 110 is
mounted between each pipe 120 and the main water reservoir
100 to supply the cooling water 60 stored in the main water

25 reservoir 100 to each pipe 120.
The cooling water 60 stored in the main water reservoir
100 is supplied to the pipes 120 by means of the first pumps
110. The cooling water 60 supplied to the pipes 120 1is
heated by the internal temperature of the mass concrete 10.
30 That is, in the initial step of the curing process, the
internal temperature of the mass concrete 10 becomes within a

range between about 60°C and 100°C, and the temperature of



ducts 400, As shown in FIG 2, the water recovery ducts 400 are forned.

al ong both sides of the |ower end of the mass 10 concrete 10. Instead of
the water recovery ducts 400, water passages may be forned between the nass
concrete 10 and the ground to collect the heated cooling water,

Accor di “&lé’i ﬁég?iﬁﬁa%%qegoﬁ%&%cggeé"’a&f{hg telgerrsari. t%‘@t%‘% £l ﬁBSESV%“ ducts

400 and i1s en cofl ecte mal n wa reservoir rough 1

respectiael wat®rc r ecovernppimeshk30.heat thhen Outsyi sur frace 2@ wefedrhe Mass
concrete 10 is ueo,as by the heated cooling water discharged through the

hol es 310-@frdies Hoseshad000oThay wsterhelt eapécatede aofd tthe hedteed.ocool i ng

wat er becones in a range between 40C and 70C, and 20 the tenperature of the
out er suﬁ)a%é tfbed‘i’ast%ec%%%ev%o } et® A Betones in a range between 10C.

and 30C, so trhat téb%l(llhtger sird.ace; 20 can he,beat ed by Lhesheafed gpol i ng
water. Therefore, the interior 50 of the nass concréte 10 is cool ed, and at

t he sanmetdnpre;atles ouf erhesurnftacel 20 of dhe-hmassa 25 concreatee 110 drsi heat ed,
t hereby reducing- a tenperature difference fromthe interior 50 to the

outer sutfRItE'20 bP the rmesssconel et £0.SMrd ngtt RE1Edr Neg tpfocessl®s
further ’cc';oflitrp &%ggfr %tOursgctoorfe& ?f%l %gr Imorir15ow O‘E%{ h§8§§§?%9n%b%t eislo IS

| ess than a set. enperature r ‘exanple, abo e supplied

cool i ng-swet efed Staottha_egﬁ%@nw@r Byt @cstep dhetheatingrohuthe outer
surface 20. Therefore, if the tenperature of the interior of 19 the nass
condfet eerld thel édsstthanndre 60 teepranirelldie loperati onsitoblt hen it r st

puTpe 136,508, Blpl e contol of fhe coglrol unlt 000 Lo ot Slleathe
cPer S skt EILle Sk Rt 000 Sy ot e et vy o1
t he masspwancr eti® 10rehrauglhoddie sdppliyve ptpes plhlhs controllable by
means of the control signal applied from the control unit 600.
15 Accordingly, the cooling water 60 is supplied to the pipes
120 at a given flow rate capable of enhancing the heat
exchange efficiency between the cooling water 60 existing
inside the pipes 120 and the interior 50 of the mass concrete
10. Further, the flow rate of the cooling water 60 in the
20 pipes 120 determines the temperature of the heated cooling
water supplied to the hoses 300. Under the control of the
control unit 600, the flow rate of the cooling water 60 in
the pipes 120 is adjusted to allow the temperature of the
heated cooling water being supplied to the hoses 300 to be
25 within a range between 40°C and 70°C.
The hoses 300 are connected correspondingly to the pipes
120 in such a manner as to be disposed on the outer surface
20 of the mass concrete 10. As shown in FIG.2, each hose 300
is closed at the end thereof and has a plurality of holes 310
30 formed on the outer periphery thereof. Therefore, the heated
cooling water supplied to the hoses 300 is discharged through
the plurality of holes 310 of the hoses 300. As shown in



shown in .610...2, the abxdliary wafer. reseiygir 700 has 10 heating neans

500 nounted therein and beeps the stored heated. water 61 to a tenperature

in. a range between 40C. and 70nC, Thelefore, the heated water 51 stored in
the auxiliary water. reservoir 700 is supplied to the outer surface 20 of

t he massFE6ner etbelBotheolgh the $oppkyd phpesltlOyeihieredy heatthe?he 15

outer 51.21ThaC. e 20 of 1:1:2Hss concrete 10, Efurther_ ftlLca connection

pi pe 740°Ps tPFoPINIEd BETVEET e Huxilg &3 et BICTEserVoi r 700 and the mai n

water ?ﬁ%%}é%hr tH¥img o d N5 £00! LG HALEEAORrSbALRT dut. thadiai o1 gat er
reservoir )O 1s suﬁblle to the auxiliary water réservoir 700, and the
20 c, : oCnhtlkadilg raaker doblwiasdigatadrby treansitofr therfeat i 1Y oeanse 500
mount ed inside the auxiliary w, Enar reservoir. 700 and supplied to the

out erd sumPacec20cortehéOnkgs ié6nerevety -0 t hrough the supply pipes 710,
FIG3a is a sectional viewt n al.ong the li - Al | G shown
in FIG 3a, t %p%¥%%%g12 “ar 8is§g§€ pé%géﬁﬂgﬁﬁgﬁgﬁ%{hgé?%ag%?%?ééB of
the massiconerebe, 1@, Thus, the epphi-Aguvatgr160eEl oMs abeopg theovateri ons
of the pipes 120, thereby cooling the interior 50 of the mass concrete 10,

As shownduntEl G08a, tAwe $loses 800Fafe?l otaredadter tirecafper @mdt804podrti pn.
or the highest position of the outer. 0 of the ne oncrete 10,

surface S
Accor di ngE§, tHé feated9cdihgs ?%rcg% tn oH?§cﬁ§Fbe8%t b"the hol es
310 ﬂ?tu%%kk¥etglq%§ Instead of the water recovery ducts 400, water

passages may be formed between the mass concrete 10 and the
ground to collect the heated cooling water. Accordingly, the
heated cooling water gathers in the water recovery ducts 400
and is then collected to the main water reservoir 400 through
15 respective water recovery pipes 130.
The outer surface 20 of the mass concrete 10 is heated
by the heated cooling water discharged through the holes 310
of the hoses 300. That 1is, the temperature of the heated
cooling water becomes in a range between 40°C and 70°C, and
20 the temperature of the outer surface 20 of the mass concrete
10 becomes in a range between 10°C and 30°C, so that the
outer surface 20 can be heated by the heated cooling water.
Therefore, the interior 50 of the mass concrete 10 is cooled,
and at the same time, the outer surface 20 of the mass
25 concrete 10 1is heated, thereby reducing a temperature
difference from the interior 50 to the outer surface 20 of
the mass concrete 10.
During the curing process, further, if the temperature
of the interior 50 of the mass concrete 10 is less than a set
30 temperature (for example, about 50°C), the supplied cooling
water is not heated anymore to stop the heating of the outer

surface 20. Therefore, if the temperature of the interior of



20 downwardly along the outer surface 20 of the mass concrete 10 and then

gathers to the water recovery dnots 400. Further, the curing blanket 200 is
covered on the outer surface 20 of theymass concrete 10, Tho water recovery
pipe 130 is 5 disposed to connect a positibn where the heated cooling water

gathers and Lhe mBLNChBLET {GESErvoLL, 100, ,and & s B! ELEEAOVELY, gD (not

shown) is er ‘provided to col ed cooli'ng water fo the main

water r A iork00 t hrougs rdheowab €r 11ecevepynpi peeldontto0The cuki ng
bl anket 200 is nmade of a cotton material |ike a nor-woven
f abri c. Acgordilnglyit a6 Portd onhof ©he hbeat edredsl PAg that ercbeinag wditechar ged

th h t he hol 310 i bed to th [ bl t 200. , th
cur i ng. Blhnkt - 500 A6 i DAt he HERIEH CooNFng WEter A aBscl BT al uays

15 bkou i cl.os a | t er f 20Q ,of ma
conc?etgﬁ%ﬁ%ﬂéﬁjthgtq?iiw%egﬁégt%%ofﬁﬁggHabtgéngagﬁ%agg cgﬁggé e§§§N th

t he out efe=siyd ace:20 of thermass rcanctr etex10iadhewtenperaturooat: te heat ed
cool ing wat er being- discharged through the holes 310 of the hoses 300 is
in a rarge bet weeher 20u40ecand070¢, il Thes t efperatar éCofNEReJButEr
surface 20 qf t he mass, concr et e 10 is in a range between about 10C and 30C
so that THe outter"surface 20 is heated by the heated cooling water 40

di scharged t hroughthe nhelres 2310 hMargavier, r 2 wsidace portdian.7 ocempey at ur e
sensor 71 and a 25 center portion tenperature sensor- 72 are disposed

cor n@spdndimgly norrrthed QutrerurSldchfticoes 120 ofd threpmssia oricrete hEG tand t he

interior 50 theteor, The center portion tengerature sensot, 72 di_sposed in

the intefdiGit b bP £héSHRESCHRES ete A0F 7R %DBﬁF%ﬁePngﬁdg PRe ﬁ§$§fbefore

giogcret g.l“}*l?éorectﬁtﬁté-,ngthe he?taédt\ggtéff'"%%cgtegléhi Qn tenpenatur; r%/erev%&regl
posed on the outer surtace of the mass concrete 20 and the center

reservoir 700 is supplied to the outer surface 20 of the mass

concrete 10 through the supply pipes 710, thereby heating the

15 outer surface 20 of the mass concrete 10. Further, the

connection pipe 740 is provided between the auxiliary water

reservoir 700 and the main water reservoir 100. Thus, the

cooling water 60 stored in the main water reservoir 100 is

supplied to the auxiliary water reservoir 700, and the

20 cooling water 60 is heated by means of the heating means 500

mounted inside the auxiliary water reservoir 700 and supplied

to the outer surface 20 of the mass concrete 10 through the
supply pipes 710.

FIG.3a is a sectional view taken along the line A-A’ of

25 FIG.2. As shown in FIG.3a, the pipes 120 are disposed passed

through the interior 50 of the mass concrete 10. Thus, the

cooling water 60 flows along the interiors of the pipes 120,

thereby cooling the interior 50 of the mass concrete 10. As

shown in FIG.3a, the hoses 300 are located at the upper end

30 portion on the highest position of the outer surface 20 of

the mass concrete 10. Accordingly, the heated cooling water

60 being discharged through the holes 310 naturally flows



21 portion. tenperature sensor 72 disposed on the interior 50 theteor are
uhder the control of the contro[ unit GOO acc:ovdinoi.y a tenperature
difference fromthe inter',or 50 to th® outer surface 10 ol Lhc mass
concrete |1 C can be F-)usecl on the chlcul ated tenporature
di f f er engewntvhediiiyr sttopunpseldQtarescontrel bedofothadj ussst henttone rad e of
the cooling water 60, thereby controlling the tenperature of the heated

cool i ng watleftheThedxurdny bP ahket 2067 & GrvGded %Fﬁ%c?%%se FRECAD  heat i ng
offi cl enele, 8 1R A BlAnkaly 200 d 5 Alupys, Hguable 4o, £hgse sonbact

with the ace or the 'mass concr so that the heated

cool i ng water nhekng-ghsehasgerh t hr ough tihecbol essa3kof Phechoses 308 is
al ways contacted with the outer surface. 20 of the mans concrete 10 15 and

t hus Heatis sbheecduter cosueface 20sotiphevwhass cbAchefecfCCapt &Ry apRaty.

Al so, the curing blanket 200 and the hoses 300 are cj...yvered b
heat-ret&?ﬁpﬁﬁsgeﬁﬁgr:t%?o.m%%% H&ATCE  retHini g er éf% °d ogtlf

iS co-véred on

the Crin@fgb@%§§téﬁ%g?aégféqgﬁnnﬁegﬂinﬂbﬁgﬁéﬁeﬁio&&dé@et@e@éﬁﬂeét4@ﬁ@r 61

That is, the~t the heated. water 61 is madntai ned for. |ong
hours, thereby ineridasi ngtiche theatiagnefd i ciencyreThevhieat 100r ehadnihg
menber 210 is for: ed of vinyl canvas, bubble sheets and the Iike, which
has heat theetadsitng cePeétys P1Par ild§ -t he chring process, furtheu:, if. the

t t 25 of the i ' h [ han,th t
empilatur o (TBF GoARBYe. ABGGE. 2B026) T2 Che Cupplt 5a RouT1 g WAL oF 60 15

not heat ed aByoPs€et 0 rslep the heatiaen@fy ) he auderisurbace20. ndheeefore,
if the tenperature of the interior of the nass concrete 10 is |less than the

set tenperatling, whéeoperationslisfchartued i tsropahpstido stlss by lfhelgont r ol
of the control unit. 600 to shut off th upp of e coaling .60 to
the pi pesPEIFLEUM NS fﬁ@”gﬁh%ﬂﬁpkeﬁu25§L73E¥HFe %EgrSPgan%ybggéggtof t he
control unjt 600,10 supply the heated wat ef &l Storadsoinkd hes auxihiary

wat er re?@?vgg}q$%%Fto t%e outgr surfé%%-zg'of t he naé% concrete 10

t hr ough. drhegsupplntPi pessd l8ontact Thehatkiel icarhe materfamset@obf 700 has
the heating nmeans 500 nounted therein and keeps the stored heategwmater .61

to a temmﬂﬁﬂlﬂQEQQﬁﬁﬁr%ﬁnxﬁ?mﬁ@%@ntm%Cig%hﬂd79??1#%%r¥?5?€,lfh@ 8dfed
vt or S1 LRI L UL L WL poes VLT CTQOcL B uBBLLBdt st
t hereby heat imgyddhe iterosuffiacee200f cbbeingssacenchetegl@ischarged
through the holes 310 of the hoses 300 is in a range between
20 40°C and 70°C, and the temperature of the outer surface 20 of
the mass concrete 10 is in a range between about 10°C and
30°C, so that the outer surface 20 is heated by the heated
cooling water 40 discharged through the holes 310.
Moreover, a surface portion temperature sensor 71 and a
25 center portion temperature sensor 72 are disposed
correspondingly on the outer surface 20 of the mass concrete
10 and the interior 50 thereof. The center portion
temperature sensor 72 disposed in the interior 50 of the mass
concrete 10 1is mounted inside the form before concrete
30 casting.
As the surface portion temperature sensor 71 disposed on

the outer surface 20 of the mass concrete 10 and the center



FIG:3h is a plan view show ng the apparatus according to the first

enbodi nent: of the present invention, As shown. in FIO,3b, the cooling
water 60 stored in the main water 15 peservoir no is supplied to the pipes
120 disposed in the interior 50 of the Mass concrete 10, The first punps

110 are controlled. b he control uniit 600 to adjust .the.flow. rate of the
cool | ng N8k 660 BBPRE EUBE! 1 60 TF 1 h6 5T pE 2D, P Y RRFTTAL s0dp of
the darlig-o5ocess fLuptherihthe-goolding 20 water 60 Lbow ngi @l any t he
interiors of the pipes 120 is heated, and the interior 50 of the mass

concr et ed@icgiopol edy tempeFheicoalinte water BOrheated ritetive gijpes 120 is
supplied as the heated cooling water to the hoses 300, and the heated

cool i ng Wit er®$uppl i B 13T hethosts 308 i 14 ScHaryed: t % hr'idugr®5 tdve hol es
310 af t 00, h Ln_E nq{gq t at ed- d wat er
bei ng di sc %?E%%?hr o%g e(%;hgx\ﬂg}l%s cgggurllg?ﬁfjal y%ﬁ%\e/\tsj% odl:lg t he oétjé'é’er
surface 20: antr gatherss t oL ¢ heraat @it reciomeryo ductisst40e Asldentdoned
before, since the curing blanket 200 is 30 covered on the outer surface 20,
t he out efhsurdaten@0vetetr heOMasseeeher eratro lils niedted.t aipartid eated

cool i ng ter absorbed to the curing bl anket 200. Further, since the heat-
23 ret aigﬁ%glef'r%% rc dJOH?% "Eovered on the curing bl anket 200, the

tenperature af,ct he hegLed,cooking n&d eri can R i ntai ned-foxsd onger
hours, As shown in FIG 3a, the heated cooling water gathering to the water
r ecdVer yhehictsy 400f isigret wr ndthel aurhergrai e nat ter2 Glesier woliwa i0®tchrantgh t he
wat er recovery pipes 130.. The water reco-very pipe 130 is disposei to
concer t - 8 iosFEPeR WiHEH e Tthe "héht edic cBBIPAg Wat EtCYaterst andct B i n

water. r&?r?{%é;&%e;?& and the, vat Fhd gcﬁ%gé_{ap“%Bo%}épeb%«aft‘érrt h%eim’log‘” ded

to collec ed cool i ng wat er mai n water reservoir 0

t hrough dhe-mwat@sd recoyvesy- tpepeold8. 310 of DUhéngothe ahni ng praeess,
farther, tithe tenperature of the interior of the nass concrete 10 is | ess

t han t hbcwetatenperatiur ehet betsfrppivuedasool § ngf waher mage inwateteheldt ed

anyq%re géas%ggstEgagga%hggc%&ég“%é¥¥§geSyétg%et%g'mass concrete 10

more rapidly. Also, the curing blanket 200 and the hoses 300
are covered by the heat-retaining member 210. The heat-
retaining member 210 is covered on the curing blanket 200,
thereby keeping the heat of the heated water 61. That is,
20 the temperature of the heated water 61 is maintained for long
hours, thereby increasing the heating efficiency. The heat-
retaining member 210 is formed of vinyl canvas, bubble sheets

and the like, which has heat-retaining effects.
During the curing process, further, 1f the temperature
25 of the interior of the mass concrete 10 is less than the set
temperature (for example, about 50°C), the supplied cooling
water 60 1s not heated anymore to stop the heating of the
outer surface 20. Therefore, 1if the temperature of the
interior of the mass concrete 10 1is 1less than the set
30 temperature, the operations of the first pumps 110 stop by
the control of the control unit 600 to shut off the supply of

the cooling water 60 to the pipes 120. Further, the second



15 Therefo-_, it the tenpeiature of ehe interior of the mash concrete 10 is
| ess than the set tenperature, the operations of the first. punps 110 stop
by the control of the control unit 600*%t0 shut. off the supply of the
cooling water. 60 to the pdpes 120. Further, the second punps 730 are

oper at edphyp20 1EANSr©f opbeacoat bgl mazrts ©O0the supphylt heilead®d wat er
61. stored in the auxiliary water reservoir 700 to the outer surface 20 of

t he dosssSeeréretgra0 heritedghvd Fer sippl §EOpFPed 7107 ASUSHIWR Hvn EFESL 3b,
th il t ir 7 2 he heat | d
therei n Rdckabas (AL SEor o RERPEa WAL aroo10 tat R Ee T ol ety Ay e

bet ween. tﬁQ'oggﬁnqheYQ'ugpﬂj'hgrlgggr ejothe heated water. 61 stored in the
auxiliary water reservoir 700 is supplied. to the outer surface 20 of. the

mass Toncret eTH® ehrolghryheasapplrgspirpges r30 0P10as Herebyedeatd ngeaihe

outer surface 20 of the nass cancrete 10, The heatin ter 61 suppl Hed to
t he cut ePOQUF“Pé}Béeﬁoti}@r&lﬁgofaﬁgdiFSptghEg(e,uF?ﬂﬁeal ﬁﬁg?ﬁgﬁﬁ{;eﬁnéiﬁg “rest.
t her eof QI%Een t%ré_%ttu?et he vaa_tr%ﬁge%%%gn dyets 400 oNext , Tk Becheat | nghuat er .

61 is col to the main ter reservoir 100 through the water recovery
pi pes 13Bceoraeciatt 061 hetwat@r inecoverauxducitss A0t Seasetsorcelt e¢®0t he
heated water 5 61 to the main water reservoir 100, the water recoverg pi pe
130 is dilsposewltiedithette aopbstt FBATMAEr 60t RE Hext dof Toof P Mg Watt ef

arn dth in water. reservaojr 0, . rec r ma
ge fﬁéfhg?‘rﬁpg\% ded®t os%%ﬂ%ctspjtpr\fneesl hgégéd @g%f%n %agt:mtgg ?’ﬁg )r/r%!?%g?wat e)r/.

reservoi 5,100 10 2bhr,gugh ot hgswatehckeeevepy pipe 130. The connection pipe
740 i s provided between the auziliary water reservoir 700 and the main

wat er reservoFEG180. iFhasplehevteol Ehgvihaterh60aproredus natherdaine wat er
reservoir 100 is su&g%(i) dto thg aHxi liary water reservoir 700Ill andirtlhe
heat ed wat'ér BT Hed ‘%Sf“%tan% 1506 PERE R&ating Tredals 500 notifed i'nsi de

the auxiliary,wat resgryehly 709:45 sppplded Lircayl atedl ynkont hgaputer
surface E&%d%bt'he%r@gsséggncréte 10 through the supply pi peIsn 7erlO. 2

FI G 45i s ra dhlraek rdi &gy aby sbapbngetihe csitgmal pfbows 160 therappar atrusthe
according to the first enbodinent of the present 20 invention__ The center

portion tergeriarud sénsde T2 siss cOnsEesed Lion. The fhateri Bre® of Ut RESnass
concrete 10, and. the rface Ltion,.t erat ur n 1 ~di ed-on the
out er Squgggo egfby WL 458 Pant |, étl BB 9 %gﬁﬁéﬁy?gé %109 rRO8 de

t'he mass concre Acco the tenperature of

the interier 50 10fhd he @SS ocorchet &ubliisd2% d rarsmitked.1 2r.omnt bBeecent er
portion tenperature sensor the control unit 600, and the tenperature of the
outer suriffdce 20 efephefrasseconcrst® IO ocssisranswitihed, f riém t Aecsufface

portion tenperature sensor 71 to the control. unit 6Q0. Thus, t .
tewpé&at%%f?@ré%@é’%onﬂ%giﬁ?‘@rijor?t%?%stﬁg h pipes ™% is

heated, and the interior 50 of the mass concrete 10 is cooled.
The cooling water 60 heated in the pipes 120 is supplied
as the heated cooling water to the hoses 300, and the heated
cooling water supplied to the hoses 300 is discharged through
25 the holes 310 of the hoses 300. As shown in FIG.3b, next,
the heated cooling water being discharged through the holes
300 naturally flows along the outer surface 20 and gathers to
the water recovery ducts 400.
As mentioned before, since the curing blanket 200 is
30 covered on the outer surface 20, the outer surface 20 of the
mass concrete 10 is heated by the heated cooling water

absorbed to the curing blanket 200. Further, since the heat-



30 outer surface 20 of the nmass concrete 10 is calculated in real tinme by
mean of the control unit 600. The curing pnboess for the mass
concrete 10 starts, and if the tenperature difference fromthe interior 50
to the euter surfahe 20 of the mass concrete 10 is nore than the set
tenperature be the occurr e of hydration heat, the.first 5 10 are
operat od B Lhe CoRETGE: arict B0 LECCtBpty: Wi Coaiihgaater 60 X tha

pi pes 120,e tempelRWiEhersr tePErA e SONSOIS JBY De-JPWH ed insiided he
pi pes 120, the supply pipes 710 anh the hoses 300. Thus, the internal

t anper atrr edvofetrhérdl2G .andAt hestsuppl yn pifpés 300 710= ahdathe tenmpemat ure of
the heated cooling water flovJdir-ig along. the 11.053C3 300 are sensed by
means of"3 e’ t Aperat iy et 8ensdr 419 e F§TCPUnPeciio“dle ComGotiéd by

meansg of. th ont.r.q| i i C agm_rmﬁr o] dj in the
Vi ew%r atteé o?htghg{a(:l%ol‘ﬂ?g}gé.r wg%g(re.w%gybgior?g supp heg&t% tw%gegi p%?&%zféﬂ based
upon thepime=d s)per athe evidf erenceff amgde Jnties idrspoded the-Oiiert
surrace 23 of the mass concrete 10" tne internal tenperatures of the pipem
120 and & heosempenatiire of thhe Needred Wa®ernG- WBLteTheddtiow ¥ atedofthtche

[i t 60 fl ow I he _pi 120, det ' t he t t f
the 20 HEmtod" 805t | B WALEr-E 200, NRHOVER, "Bobr 1Fs Sonpl FHHL 6 Sthd heat i ng

means 50Q,.ount edrbpside the auXiddiaryy nates: £ 8sehyei ho7QQrunder, the
control of the control unit ,600 Based upon the internal tenperature of the
masd Oconcaiet evdiOsr tiharss ritdiier hgdt echwatgr 26 5k tiess heatede 1o gihes tiéfper at ur e
in a range between 10C and 80C and. the flow rate of the heated water 61
bei ng suppl i edHRAC Ugh EREISUpPINY Fispes FEO-N%E contr ffed:eMAF 3 HE e

t t ' ' 10 i t t t
enperaé%etk(?% EH@eH‘é?r&grﬁféé @ggsgrgéﬁgg%gr%eﬂs Le suné%\rnt g se

t enper at ure, _he jseco_nd. u not operate e con r ol
unit 600erbtdrdfutd, khel easpphandt herseind egpeeat us@. ,id hecepeatatians of

the first punps

anymore to stop the heating of the outer surface 20.
15 Therefore, if the temperature of the interior of the mass
concrete 10 is less than the set temperature, the operations
of the first pumps 110 stop by the control of the control
unit 600 to shut off the supply of the cooling water 60 to
the pipes 120. Further, the second pumps 730 are operated by
20 means of the control unit 600 to supply the heated water 61
stored in the auxiliary water reservoir 700 to the outer
surface 20 of the mass concrete 10 through the supply pipes

710.
As shown in FIG.3b, the auxiliary water reservoir 700
25 has the heating means 500 mounted therein and keeps the
stored heated water 61 to a temperature in a range between
40°C and 70°C. Therefore, the heated water 61 stored in the
auxiliary water reservoir 700 1is supplied to the outer
surface 20 of the mass concrete 10 through the supply pipes
30 710, thereby heating the outer surface 20 of the mass
concrete 10. The heating water 61 supplied to the outer

surface 20 is absorbed to the curing blanket 200, and the



110 stop and the second punps 730 :Eir..e operated by the control 26 of
the control. unit 600, so that the supply of the cooling water 60 to the

pi pes 120 stops, and the second punps O are operated to supply the heated
water 61 to the-outer surface 20 of the mass concrete 10 through the supply
pi pes 710@est thehend naftther,s am Erelematt one@Veay nethod £0P.redecing a
tenperature difference in. Mass concrete duri ngscuring accor di np to.the

first enbbai REAL16E HRESHr 8denf FRVEREFSH WPl FRBe™gi Vel TR/ r§E5CHIG S is a.
fl ow chart, ,show h i - u ' e I Re MBSS
concr et e&FB géé}:%é]lg?kgggﬁ% ?ﬁaetfefq{ r;é%gg\?‘r%ggi %ﬁ%@gﬁﬁel’:g@gg%t@&i mn%i%n, So
as to buishdet-hedmss rgonaiete 40 . i en.adars aselasseritt edeaand aafermis
set up, Next, the pipes 120 are disposed inside the form and further, the

t enpey at Gile tsendor snFn andt 72 arecdivopssdd li-ndilde wHeE T of IrOVE £ 2r PHRat |
concrete_i,s 15 cast into.the formto build the nmass caoncre 10 tep
(310 13§acﬁspi %Jesﬁ%?)eﬁisqioonﬁggflg&tat 2on° St de en cht Ter et(%?‘et oh%%téeﬁai n
wat er reservoir 100 d.nto,mhich the egel ing walele 60-dseistorned @nd epanect ed
at the other si'de end thereof to the 20 correspondi ng hose 300, The hoses
300 conneaktedvdtoet heepbpesy 120mar enadi spesédroherhe rowtieledsurd acel 20chf t he
mass concrete le (at step, S20-1), As nentioned above, the hoses. ﬁ@g are
r

cl osed ofihgnel@nbsdt KeXdor Jant? have the BF uralin yVof “hol 68’316 fo on
the &te%8Q§%b§E§%% tnereof, . the %%%x?og%@{ﬁ%@§ di,sposed,on,t he ouper

surface mass concrete curing process for the nmass

concr et e 110 pstafitied the kerpenat uneiditf-er eacerf ropetheiirnveni end50neo the
outer surface 20 of the mass concrete 10 is generated by the occurrence of
hydr at i omaheatwadte rstegseS302i1) . 10the Shusenpdratires st thecouber S8aFface 20

72" mount &f 40 FEGUTER: CurTate S0 ani T nes | ER T Bre B0. bhet Retmga Ly
concrete 10 .Thus,sd.he temgr atdHe did fiesence betoeem theated by means
15 of the heating means 500 mounted inside the auxiliary water
reservoir 700 is supplied circulatedly to the outer surface
20 of the mass concrete 10 through the supply pipes 710.
FIG.4 is a block diagram showing the signal flows of the
apparatus according to the first embodiment of the present
20 invention. The center portion temperature sensor 72 1is
disposed in the interior 50 of the mass concrete 10, and the
surface portion temperature sensor 71 1s disposed on the
outer surface 20 of the mass concrete 10. Accordingly, the
temperature of the interior 50 of the mass concrete 10 1is
25 transmitted from the center portion temperature sensor 72 to
the control unit 600, and the temperature of the outer
surface 20 of the mass concrete 10 is transmitted from the
surface portion temperature sensor 71 to the control unit 600.
Thus, the temperature difference from the interior 50 to the
30 outer surface 20 of the mass concrete 10 is calculated in

real time by mean of the control unit 600.



cuter surface 20 and the interior 50 is calculated in real tinme by neans of
the control unit 600, Based upon the cal cul ateo tenperature difference, the
5 supply speed, that is., the flowrate cif the cobling water 50 being

suppl ded CO the pipes 120 i5 determ ned by neans of the control unii:. 500.

fio descri bed ghove, fe JLowate P, Lhg cholbng upten 80, 11.9u ng, g ong

t he pipes 12 term enperature o eated cooling Vater being

suppl i edi t othbe tdhhoses: 30041 Aceoedinglntorbased uper tike temperatufe
difference calculated in real tim.e" the flowrate of the cooling water 60
bei ng supptéedstofadre Pi pes QURO rcass beoradisiodd iis meate tilme byhareats of
the control unit 600 The first punps 11. re controlled by the control

unit 15600"R %" Suppt yP¥he ECod? TR %%?. O%O%tyéirtaﬁemﬁ pes2ip0af & idett f1ew

rates; atystep ?ﬂ@'é}eTBSeEQQé&nggv‘@F%r 60 +hJei !‘uggt epplded; 19 1the pi pes

120 flows and is heated therelnt nthe initi curing step, that i1s, the
t enper atarel 0fg thet e co@l | g et eri®Os beconmes within a range between about
Oc. and 20 30-C, and the tenperature of the interibr 50 of the nass
concrete 10 BECHHEE wi tHIGECH ¥ighgechepieeAagbdit 7@ apd 106Cdesdithat t he

interior_ 50 of e ss_concrete 10 is.cooled by the c in wat er, 60 (. at
step SSOQﬁge.SoAjté@hetr%%n%uQé]fn%,pjt%ees ng i%@dv&%rh%ﬁe%eggé‘s%lﬂbﬁ’egbteo t he
pi pes 120htleria 25t beat e uTbe heated cogldngromatel 60el SsspRl iedhdo the
hoses 300 (at step 560 -.1). As nentioned above, the tenperature of the
heatl€d cool i agd Waker-se@ebeitngesuppl iled GEatheé hosésng30Gties deteririned by
the tenperature of the interior 50 of the mass concrete |l e and the flow

rate of él]t%“%oﬁp?nélo\ﬁ/&ts_erméb_ 30°f FErAG alYore:3theCpi pes 12070 °THE F1%w rat e
of. the Goal; sat ef, S0 Ssad) Yt &d by TRANS AL LNEGORL Qle il §£60,d O

control unit 600 in such a manner as to be adjusted in the

flow rate of the cooling water 60 being supplied to the pipes
I5 120, based upon the temperature difference from the interior

50 to the outer surface 20 of the mass concrete 10, the

internal temperatures of the pipes 120 and the temperature of

the heated water 61. The flow rate of the cooling water 60

flowing along the pipes 120 determines the temperature of the
20 heated cooling water.

Moreover, power 1s supplied to the heating means 500
mounted inside the auxiliary water reservoir 700 under the
control of the control unit 600. Based upon the internal
temperature of the mass concrete 10, thus, the heated water

25 61 is heated to the temperature in a range between 40°C and
80°C and the flow rate of the heated water 61 being supplied
through the supply pipes 710 is controlled.

If the temperature of the interior of the mass concrete
10 is more than the set temperature, the second pumps 730 are

30 not operated under the control unit 600, but if it is less
than the set temperature, the operations of the first pumps

110 stop and the second pumps 730 are operated by the control



mai ntain. the tenperature of the heated cooling water 60 to be in arenge
bet ween 40C and 70C. The heated cooling water supplied to the hoses
300 is discharged through the pluralitd of holes 310 forned on the outer
peri pbery of the hoses 300 (at. step S70-1). As nentioned above, the hoses
300 are becated @mithel outer s00face 20haf tihe massleondr étte 10705074 hat .

t he heated coolinp water being discharged through the hol es 3lﬂ (?atur ally
flows dovatardfF) aPohpet RéPBEt efOsaFPREe 207 0fF1C t FeCAT MIEE Tohtt et 'E 10.

Further, th i bl 00 i ) t ! Foh
s conCPEERTTH. TR ol a1 T ST o S B Rt e o et o bet g

cor glty, portion of the hea cool i ng water being

di scharged threnghnhbe hehes<84010stabsagbetht ostihel ¢usimes bl abket 200,
t hereby heating the outer surface 20 of the mass concrete 10 15 (at step

580--3) Al so,He¢helhedter et annienglreaiiern210 i govered fon tHEirihg?

bl anket 200 to provide heat retaining efficiencies, thereby effjici ly
heating tREPBHFEH Sur ef@.nc‘?nerjé?or@f‘lsf‘hecpﬁlfzéleitgr ﬁ%o%%fheé%%gé
concret e, 100151580184 bye Mpans Oferlig GOl NJr WRhEr p:6 drl:owt et ong ¢ he
10 Pi pes 8 and the outer surface 20 of the mass concrete 10 is heated by
means of wihe heateddQOjriifdt., OMat.er ireiangf divs ottargedsitdwoughe tthethetles 310
of the hoses 300, thereby reduci ng a tenperature difference fromthe in 50
to the oliper s&FP&EEJ2020f CERBCHASE EonEr&f8rE0CC75The ARAFed CBGITHhY wat er

bei ng, di seharded t rough. t be, 0ol €8,340,0h e 935,300, 4at 1l Snl B0 he

wat ef” r eG6VEFY “dlcts 4 IS returned. to the nmain water reservoir 100

through the water pneceveny phpesciadBreat svet irSQ0pd)ys dhe ebsembatipon is
kept until the tenperature of the interior 50 30 of the Ma SS concrete 10

is | ess than 4 héoget tenpetatwpe. Sexds tdhal [Bwetshel heared® cOOFPRFENat er

to be returned to the main water reservaoir 100, the water very_pipe 130
is 29 dil§pesed c‘%’rﬁﬁ‘éctar{ic\rflpg%lﬁﬁ% e et?‘il%e%%a%ed %%%%ﬁ?%) ARELS
gathers gnd 1he EBO‘%@Ber'rfseﬁfer vohE 300, andyiher Waher , r ecouerese pusp may
be further provided to col'lect the heated cool i ng water to the main water
resetyoi ak@0 triwoughet Heorm wat eput @dovery mpe ¢80crete 10Futathestepbf the
tenperature of the interior SO of the nass concrete 10 is |l ess than a set

t enper at ¥rlé-(flor exanpl e, about 50C), t is too low to heat the supplied

cool i ng wat erEgn nor.e, t et fs:to?lﬁ%ic_@iedhedacti&g%t gg gutery surfacer 20, 10

. (S .
Therefore, if h emperature o interior mass concrete 10 i s

| ess thanthe,set Jameratiue dat sI@piSid0sdich t hiee opesat hgnsaoért he first
pul ups 110 stop by the control of the control unit 600 to shut off the

suppl y ofist ke cool iagl watrere @4 02t hehpi pelsen 20l {at © 3¢ ephS1306- 1y, the
HIur&aerbg§¥%sponding hose 300. The hoses 300 connected to the pipes
120 are disposed on the outer surface 20 of the mass concrete
10 (at step S20-1). As mentioned above, the hoses 300 are
closed on one ends thereof and have the plurality of holes
310 formed on the outer periphery thereof. The hoses 300 are

25 disposed on the outer surface 20 of the mass concrete 10.

As the curing process for the mass concrete 10 starts,
the temperature difference from the interior 50 to the outer
surface 20 of the mass concrete 10 is generated by the
occurrence of hydration heat (at step S30-1). The

30 temperatures of the outer surface 20 and the interior 50 are

sensed by means of the temperature sensors 71 and 72 mounted

at the outer surface 20 and the interior 50 of the mass



15 second punps 730 are opera Led by means of the control unit. 600 Lo
supply the heated water 61 stored in the auxiliary water reservoir 700

t hrough the supply pipes 710 (at step25120-1). The heated water 61 is
supplied to the outer surtace 20 20 of the mass concrete 10 througn the
supply pipes 710 t st S 30-1). t.er or . o] 10.,j.s

heat ed b%/cprf%ree%%aﬁgd wa ers’6191€%t tse&égr%fﬁ%%l)élffm%csgfé&tﬁﬁgnagﬂﬁ iary
wat er reseraoi Eu¥8cbas ot hedheatd ngneans rSGO nmopunt edut heeei nnandKeeps
the stored heated water 25 61 to a tenperature in a range between 40cC and
7000, Theiref dre,nddies helattete waterra@ wtior édn the auxiliary water

i 700 i lied Lo th t f f th t 10
through the SEFEry Bee L0, CEERLBy-Rest TG e "Gut & - SOF FAEE 20 1 t he
Mass CO:‘%Ié:ggSJ‘fe% 1§%eéﬂtﬂ,e Bﬁ%{ 'ng' vat er 30,61 suppldi edct 0. 4he gut.ere surf@ace 20

i s abso e ourin anket 2005 and the rest thereof gathers to the

wat er recovers ysiel sed 0, Nextpigdre heatingiaateri Gl iksy caldrected tieo t he

mai n water reservoir 100 through the water recovery gi pes 130 connected to
h

t he wat erOlrlecoveryiduchs - 4065 SE:sas e el EEt: t he heated "iéferr 61 t% t he
main water reservoir 100, .the .water, reco i i i d
colnnect %O%]o]srilgh‘\éﬁ %e(rgg tftlowmgt eaolocno%l%/ﬁer y?vg]lf)gs 130 'd%t%'rﬁ@?feﬁse grpg? n

he he o] er gathers a

wat er resgefVoid 100, anmhd hee Wal @rcd CCoverya by besddirther: priowd ded to
collect the heated cooling water to the main water reservoir 100 through

t he lWat erosecovely .pi pe A8Gordhegtonnedkisen pipec740ths prioviec: betaween
the. 10 auxiliary water reservoir 700 _and, the r%] %/?t er reservair 100.
e

Thus, t Hel ool ¢ He m&@ét‘zuéﬁ‘t%rje%. heelt _hElIPrﬁ'r n PEserdi r °1007 7%
suppl i edcc'ié)lf%g 5 X, aEU el el rg%gbgg%ﬁ 709, tgl'%fj Lhe.beated water, b1

heat ed by nea the heating mount ed i nside the auxiliary water
reservoid&dy09d-és 15 sappl i e tioy ttheaoutef st fase:r20 wfit hedhmss concrete
10 through the supply pipes 710. The circulation starts at the tinme when

the tenperat Gie oflihe Prtesi oL050: st et rakseEoREr éhe TOlits"Qless tthan t he

d.i il tbh [ ' I d
15015} A 1or 207 CRELKuF g BPoCBEs "POF Tt A REbd BoRtFETe 10 I%. Conphetod.

finally/cthe pijes 120 atechildad by meange ofcaioutd ngate f i Bhshod hey

formati on of the mass concrete 10, FIG 6 is a graph showi ng the outer
surface semperad ure ohemasseconeetfeé onshearichtier Natatehperatereto hereof and

the the initial curing step, that is, the temperature of the

cooling water 60 becomes within a range between about 0°C and

20 30°C, and the temperature of the interior 50 of the mass

concrete 10 becomes within a range between about 70°C and

100°C, so that the interior 50 of the mass concrete 10 1is

cooled by the cooling water 60 (at step S550-1). At the same

time, the cooling water 60 being supplied to the pipes 120 is

25 heated. The heated cooling water 60 is supplied to the hoses

300 (at step S60-1). As mentioned above, the temperature of

the heated cooling water 60 being supplied to the hoses 300

is determined by the temperature of the interior 50 of the

mass concrete 10 and the flow rate of the cooling water 60

30 flowing along the pipes 120. The flow rate of the cooling

water 60 is adjusted by means of the control unit 600 to



25 difference between the two tenperatures during curing of poured concrete
in accordance with the curing tinme thrgough the nmethod according to the
first enbodi ment of the present i nvention. As shown in FIG 6, the tine
until the curing is conpleted needs about. 4 to 7 days. Wien conpared with
the 30 gmaphtenanFEGe teppetaitorappfethat bdathdt cophéngurangrt pete sbaore
reduced in FIG 6. Wen the r’r%'g,hod ce rding to the flrst enbodi ment of the
present iAventPBAS §SCYFFPed! Suf",ngf uﬁt her, the degree of increase of the

temperature of,the.interior, 50,0f, Lhe.mass qonarele 40-i s odecr eased; sand.
the tenperature of the oute.r surface 2 (_; o 11118S COncre e Ip"nor s so_

Accor di ngliychthgetienperaatqir ecieh f Heneacet § r om hheeknt3éni droBs@®d oot heheut er
sufface 20 of the mass concrete is. rediaced. As shown in FIG 6, also, the
nmexi nim PErpEi aParbraeter eice tOST 20F¢sT2 308 (Ror e S48Er ead@d Lhhen cofpar ed

wih that 1n,BLeg LSBNLIount i an.ah afy APRALA ¥SLeEqr ACAL Boutex
nper at
surface 20 of the mass concrete 10, so that the heated
cooling water being discharged through the holes 310
naturally flows downwardly along the outer surface 20 of the

10 mass concrete 10. Further, the curing blanket 200 is covered
on the outer surface 20 of the mass concrete 10. Accordingly,
a portion of the heated cooling water being discharged
through the holes 310 is absorbed to the curing blanket 200,
thereby heating the outer surface 20 of the mass concrete 10

15 (at step S80-1). Also, the heat-retaining member 210 is
covered on the curing blanket 200 to provide heat retaining
efficiencies, thereby efficiently heating the outer surface
20. Therefore, the interior 50 of the mass concrete 10 is
cooled by means of the cooling water 60 flowing along the

20 pipes 120, and the outer surface 20 of the mass concrete 10
is heated by means of the heated cooling water being
discharged through the holes 310 of the hoses 300, thereby
reducing a temperature difference from the interior 50 to the
outer surface 20 of the mass concrete 10.

25 The heated cooling water being discharged through the
holes 310 of the hoses 300 gathers to the water recovery
ducts 400 and is returned to the main water reservoir 100
through the water recovery pipes 130 (at step S90-1). The
circulation is kept until the temperature of the interior 50

30 of the mass concrete 10 is less than the set temperature. So
as to allow the heated cooling water to be returned to the

main water reservoir 100, the water recovery pipe 130 is



10 difference in mass concrete accordinp to a second enbodi nent of the

present inwention and a nmethod for reduping a tenperatgre difference in
MaBS concrete using the apparatus] 29 Hereinafter, an explanation ou a
configuration. of an apparatus for reducing a tenperature difference in

mass 15 ganrete aceording. ¢ o, gpp&q%% ephodi nent 1of, the o%roq%@f Javention.

wll be given. FIG 7 Is a perspective view show ng an apparatus tor

reduci ngyeec Heerperatiur endi friferrencaterr NBsSseconcr etl® gccandi nighd o wantsecond
enbodi ment. at the present invention, and E1.73.8 is_a. plan view show ng

t he appaf¥tUs 20 REEDr BifrFg o e teconmm @rbeei neat Caﬂ-lﬁﬁg préseiaivent i on
In the same manner  as itn tgﬁ,\ first enmbodi ment oiv. E:hei[(ﬂf eggnt iﬂvgnti on, as
shown i FIC'H 7 and a,”"th 3p61§rl£t U o redci ﬁé atenp rature ihfef erence
i N Ngss Goncr ete-aech) rding to the second enmbodi ment at- the present

i nvention 25 includes hoses 300 di sposed on the upper portion of the cuter
surface 20 offutrfibemassi Tonboeettentl,rapivpes d20tdesposed ipassed dhr augh t he
interior 50 of the nass concrete 10, a main water reser,Imr 100 ifl which
cool i ng Mt ercBF IS Stot e 335t pihps Lo, C St L e ovéry Sidts €400, a

curing bl,anket; 2001 a. 30, heat -y &l aé%kﬂ?aﬂﬂ“jﬁeﬁ[}s aiiee\é@tc%rolri%%%\{\%{tyerpi pes

130, an. auxiliary water reservoir water ©1 1s stored,

second pupPso 30, SuppRy pispespitd adaptedqgt meyppbyte32. sithexdeatoed Pet er
61 theret hrough, a connection pipe 740 adapted to connect the main water
reséPvoitheroo @ t hé &t | Faryersdare esdr voie . in0eriart ik dt0e. TEEED 750,

and a control unit 600.. 5U:14. 1re the apparatus according to first
erbodi BTSRRI HED pheskt | Tt T, HoR B 4 HE Sappir A SEBFd g to
the secend eJhedi nents of = t hec pEesent piRKent hon skupt her dacludes A sw tching
vaive 720 nounted at a position where each supply pipe 710 neets a coupl ed

portion tiet weentreachni®@ pidge 120sand edch tioses30Qy b&er ehrafderlitde
apparatus for redacind a tenperature difference in nmass concrete according

to the ehbodi neMt BfPERe rlesént iSmEEntSLiGnlwi || FBETERpY aitisd with
t i dj first
resﬁgc §§c%$t§%$%§r%%%e%ﬁé Oﬁéé‘aeté@g%&f‘%n%t@%ﬁ@%% mg E%&ngl 'th[]n:ltcuri ng

enmbodi ment resent invention. . e initral step .
process 60d the digymer atik ehetitkhe wateri on 53 pfed hen muss cancrete-10 is

more water reservoir 700 through the supply pipes 710 (at step
S120-1).

The heated water 61 1is supplied to the outer surface 20

20 of the mass concrete 10 through the supply pipes 710 (at step

S130-1). Accordingly, the outer surface 20 of the mass

concrete 10 is heated by the heated water 61 (at step S140-1).

Also, the auxiliary water reservoir 700 has the heating

means 500 mounted therein and keeps the stored heated water

25 61 to a temperature in a range between 40°C and 70°C.

Therefore, the heated water 61 stored in the auxiliary water

reservoir 700 is supplied to the outer surface 20 of the mass

concrete 10 through the supply pipes 710, thereby heating the

outer surface 20 of the mass concrete 10. The heating water

30 61 supplied to the outer surface 20 is absorbed to the curing

blanket 200, and the rest thereof gathers to the water

recovery ducts 400. Next, the heating water 61 is collected



than a set tenperature)the switching valves 720 are controlled by the
control unit 600 to shut off the supply of the heated water 61 to the hoses
300 through the supply pipes 20 710, ahid the cooling. water 60 is supplied
fromthe main water reservoir. 100 to the pipes. 120, in the initial step

of thelaniﬁ?qwmm253waaecomﬁ3ﬁﬁwginf&ﬁ@itbrOpth§h@ﬂyaﬂQ¥cﬁﬁ#%ﬂ%%wby t he
control of the cohtroi unit 600 to nove the cooling water to t he_pipes
120 fronPERESHEIN et B Glektr voi FT002t88 4RE OBy “edhs iS5t @ﬁ% cgol i 3ater

60 being&%“%ﬁ#ﬁ% o fhe,pipes 12Q..the i preriar pQof dhe msscconcrete 10

is coole e same tinme, the cooling water. 60 is heated and suppli ed
as the heaved 000l iagevateicdve riyheo hoses 3800.s | ai ¢hessanmeomannerec@s an the
first enbodi ment of the present invention, 30 the heated cooling water
beingssuppbﬂédonowhﬁéehéggg}g@GQqScooling water gathers and thé main

water reservoir 100, and the water recovery pump may Dbe

further provided to collect the heated cooling water to the

main water reservoir 100 through the water recovery pipe 130.

The connection pipe 740 is provided between the

10 auxiliary water reservoir 700 and the main water reservoir

100. Thus, the cooling water 60 stored in the main water

reservoir 100 is supplied to the auxiliary water reservoir

700, and the heated water 61 heated by means of the heating

means 500 mounted inside the auxiliary water reservoir 700 is

15 supplied to the outer surface 20 of the mass concrete 10

through the supply pipes 710. The circulation starts at the

time when the temperature of the interior 50 of the mass

concrete 10 is less than the set temperature and 1is kept

until the curing process is completed (at step 150-1). After

20 the curing process for the mass concrete 10 1is completed,

finally, the pipes 120 are filled by means of grouting to
finish the formation of the mass concrete 10.

FIG.6 1s a graph showing the outer surface temperature

of mass concrete, the internal temperature thereof and the

25 difference between the two temperatures during curing of

poured concrete in accordance with the curing time through

the method according to the first embodiment of the present

invention. As shown in FIG.6, the time until the curing 1is

completed needs about 4 to 7 days. When compared with the

30 graph in FIG.lc, it is appreciated that the curing time 1is

more reduced in FIG.6. When the method according to the first

embodiment of the present invention is carried out, further,



di scharged t hrough the holes 310 to heat the outer surface 20 off the ma ss
concrete 10 and gathers to the water recovery .33 dubts 400. Next, the
heat ec$. cooling water is returned tosthe main water reservoir 100 through
the water. recovery pipes 130. The water recovery pipe 130 is disposed to
connect position r he heat coalin ter thers and .t he in

wat er ))%b?egé %%?rofgg?ggnﬁgg.gaaggF %%%‘?gﬁﬁ%ﬁ%wﬁ&?ﬁoe 5ﬁ§%ﬁ¥l?§ urt her

provi dedh t oc €0l hest thecheatehoceal ideg rwatel,t @ nche.hdraidhgater deser voi r
100 through the water recovery pipe 130. In the intermedi ate step of.

t he curitge protess sirffatlee 2enper ater encofs thenénteri 6P 536 ofndrtve arEsSs

concrete 10 is, 10 less than the set tenperature), the swtching val ves 720
are conttof?%e rb‘ijlliffnet%%nF?’BPeEﬁFPréoélggeléﬁi}{:eoff@f“hé&hesdﬁ&leyflg’rrt

cool iSng'tch"aEﬁ'é o0 Lo EBEeré%o?’%‘%z t3d 1 he %@%&é"?ﬁ%@{%@&uééd.sum led to

t he hoseb 300 t hrough the supply pipes 710, e tenperature of
the intehavwn 50 OfGihe abss, ISh«eanctehen 10emse tessrd hant thesrset AT =
tenperature, the cooling water.. 60 supplied to the pipes 120 is not heated
anynor e, Tis@2t hat "PHEe SKFFEeRFAg Varvesorporafevoper afiel ieesStoplEhe
circulation between the pipes 120 and the hoses 400, If the supply pipes
710 and the hoses 300 are open. by. 20 the operations of the sw tching

val ves 7R&,nthe,heated. owat gf G6Lstored, kprt heauxild apy N@ﬁog%’ra[@ﬁeé voi r
700 is supplied to the noses 300 through the supply pipes 710.

Accdfdi niyalyf e shrecdhdan edawnat epnbéiebei agesupphiced ot @ tdrecdios esu800inent

di scharged through the holes 310 to heat the outer surface 20 of the: 25
ness corfcr et @90 Rt hdr's' 30"t P walter % ddBverRF dulct’s 400 UNeXE : ,2 t he

heat ed. ' P B SEAPI | i ;e r voir 100
Uar ougi h {He: Vel &r° resovery apss 150 CUrE E e beavery i e 50 M
0asoo S ed t @lezicdmGat-aqoshh. rofp whele dhe oheas edgoufdudag iwat eprgatrhers

and the main water

apparatus for reducing a temperature difference in mass
15 concrete according to a second embodiment of the present
invention will be given. FIG.7 is a perspective view showing
an apparatus for reducing a temperature difference in mass
concrete according to a second embodiment of the present
invention, and FIG.8 is a plan view showing the apparatus

20 according to the second embodiment of the present invention.
In the same manner as 1in the first embodiment of the
present invention, as shown in FIGS.7 and 8, the apparatus
for reducing a temperature difference 1in mass concrete
according to the second embodiment of the present invention
25 includes hoses 300 disposed on the upper portion of the outer
surface 20 of the mass concrete 10, pipes 120 disposed passed
through the interior 50 of the mass concrete 10, a main water
reservoir 100 in which cooling water 60 1is stored, first
pumps 110, water recovery ducts 400, a curing blanket 200, a
30 heat-retaining member 210, water recovery pipes 130, an

auxiliary water reservoir 700 in which heated water 61 1is

stored, second pumps 730, supply pipes 710 adapted to supply



30 resercrc,tr 100 ash r.he water recovery .punp nmay cefurther orovades t.o
co2Liect the heat e.d cooling water to the .mai n water reservoir 100
througt . the water recovery. pipe 130°2 The 34 main water reservoir 100
and the auxiliary water reservoir 700 are connected to each other by neans
of the cehzacheatei peat/d. 6Thetaaxkekhapyghat ex resermmiion700ihas heati ng
means 500 nounted therein, and the heating neans 500 heats the heated water
61 st or eddPRtERe BRXIIGTERFWatEF redEr vaiater706°servolE @Y i 74, biock

di agram showi,ng _t he _si gnal th a acegr di 0 cond
crPon, oAt JoF ‘CAE BFSSeR o FROeRt 168, s hount TR & o The Teneay atur e
of the 1Qniimrtepipor 50 of the mass concrete 10 sensed by the renter portion
tenperature sc,:i..neK)r disposed in the interior of the nmass concrete 10

i s tr@ansnittedntoke héheomtawirainia 00ordhe t ke ttéwpekatiir eSBPOT RSBt er
surface. 20 of the mass . concrete 10 sensed the surface '

t enper at Gre tg@ng&e s&i‘%p&&é(&.nti@nmgf’wgv(%t’ e?xgu?‘?g%ao gt %ggé%égggo%%r ete
10 1's tr%ﬂ%ﬁ‘%%%ng? the -eQnthel B@'ttﬁgoyP?@s%h@t-ihb@n%@ﬁﬂerﬁﬁﬂfﬁer

difference in rea i me cal cul at ed. the curing process starts, the

first pumps1lb@sare eperahedgbyathe cort robuninéd 600 at crsuipplgn t eetdol i ng

water 20 60 stored in the main water reservoir 100 to thjaef)i es 120é If the
t enper at Ge€hof SthRLY nPéPFor/ 50 Bt Re ImaSSUiRbFcr 808 T16"] % han“the set

tenperature, t sw tchin l.yes; 20 h ypit 600
to sﬁgt 65t he co%r}léec?% 9p}dllr%tslgoz‘)’soOtziet \%{eegfneoltgﬁ@%%geg%éog%gﬁp%%% hoses 300,

25 Then, thecepnectadnperdions betmeemddeisuppty pbpese7dOaandrtiheghoses
300 are open. Accordingly, the heated water 61 stored in the auxiliary

wat er regervoie Pegons suppidieteiio phe tHose8r 8007t hiough tRE sippl yPPi pes
710 JTne st rans, 0SS con tolled, brcthe oniral WLl BRBLepmke
tenperat%&EthU%gr%%g%hgﬁ%ﬂﬁ%Q 406-an680Cor the pHekehRaf heEntadn.
expl anation on a nethod for reducing a tenperatuxe difference in nmass
concil6te during ctiné ngiraiccoridi ngero blie sbeonduenbodigmmtessf t(hé present
vention w1l 2 VER (FLr Sl G050 3 Tl ghart =hawng a et
more than a set temperature), the switching valves 720 are
controlled by the control unit 600 to shut off the supply of
the heated water 61 to the hoses 300 through the supply pipes
20 710, and the cooling water 60 is supplied from the main water
reservoir 100 to the pipes 120. In the initial step of the
curing process, accordingly, the first pumps 110 are operated
by the control of the control unit 600 to move the cooling
water 60 to the pipes 120 from the main water reservoir 100,
25 and by means of the cooling water 60 being supplied to the
pipes 120, the interior 50 of the mass concrete 10 is cooled.
At the same time, the cooling water 60 is heated and supplied
as the heated cooling water to the hoses 300. In the same
manner as in the first embodiment of the present invention,
30 the heated cooling water being supplied to the hoses 300 1is
discharged through the holes 310 to heat the outer surface 20

of the mass concrete 10 and gathers to the water recovery



3 fPr. rbducing a. tenperature difference in nme55 concrete according. to
the second enbodi nent of the present invention_First of all, iron bars are
assenbled, and a. form is set up, 'Next, the pipes 120 are di sposed inside
the tenperature sensors 71 nb 72 are disposed inside the 10 tOFM Atter

that, cofngres engghc‘”ik?e%é,gétgxet e r éo%dﬂ‘ﬁd d,40e dm;gss:rne ! el ol step

510 -2). pi pe IS connected at” one si ereof to the

mai N watef i ff esetvoi fesdbhi ntim whircho N watier B0 d:s sdored-and eonnect.ed at
the other side end thereof to the 15 correspondi ng hose 300. The hoses 300
connect eiNa g'ather pipesvarR0 @Eree di Sposedlioiratrd out erosirdtace B I6fidrhe nmass

concrete 10 (at, st 20---2) . As nentioned above, the hbses 300 are cl osed
on one evﬁb%f% h%PSgﬁpefn?EquaG%g%ﬁE?mwlﬁteﬁﬁ t 52 0FChol 6893107 F of'fed o tHe outer
perighery.sd.hesreof 1020Rs hhe curing progcess-tor fhe Massccongrgte LG
starts, the tenperature di.fference fromthe interior. 50 to the outer

surtatb 20-0tet heroassedonor etcd 10t scigenesated byot hegoeeurrence tofe

hydrati on heat (at step 330-2). The tenperatures of the outer surface 20
and t hb ThteridreBorare o5 s d-byP HEans Ofva e tisfserat ure Rensdrs 71

d 72 h 0 ' ' th
Concr ot 6 10 Thus'” {HE T ERBT Bl tr o art o e Dt hsan tRE Lenperatire. of

the out efersils facece 20ranthd hent enper atur e of chhe dader kbiicbO- & s10alicul at ed
inreal tinmb by neans of the 30 control unit 600, haed upon thb
cal ddI at’ext 1 ebper atieesdif temeaceurhe , stppl prispeéd thatvess,’2therfd ow

rate of the cooli wat br 60 36_bein lied to the pipes 120 is
ot er i MU B e bt L EReCBREPBL BACt SBB0 SO TS i bad SBBHELH ¥ 11 ow
rate of the cooling water 60 flowng along. shhe pipes 120 deter mines the

tenperature of the heated cooling water supplied to the hoses 300.

Accor di ngl yi s based updn-d hehd enperattre oh fderrences calwul atedhdn Tleal tine,
the flow rate of the cooling water 60 being supplied to the pipes 120 can

be adj ustied: i AsSreadlt thilife By hRans ot Phe t¥entrvictimt 800°TI Fhcheéndstiti al

step<of the outing,proce t swi tching.10_val ves 720 are operated by the
con![quOI éu%r%cfro%%% ?8 thSutigF? Hﬂ%émco%ﬁ%ct%& p%? El‘)eeﬁ“?lst ]é?&/vegr?]let h%O(glulpnpﬁy

pi pes 7LMhand theshosese300o Thenpibhe aonnect edpporddians hepween tde pipes
120 and the hoses 300 are open. Tﬁe first punps 110 are controlled by the
control tumt 60C tewstppliyot heatcweki ng20 are operated to stop the
circulation between the pipes 120 and the hoses 400.
If the supply pipes 710 and the hoses 300 are open by
20 the operations of the switching valves 720, the heated water
61 stored in the auxiliary water reservoir 700 is supplied to
the hoses 300 through the supply pipes 710. Accordingly, the
heated water 61 being supplied to the hoses 300 is discharged
through the holes 310 to heat the outer surface 20 of the
25 mass concrete 10 and gathers to the water recovery ducts 400.
Next, the heated water is returned to the main water
reservoir 100 through the water recovery pipes 130. The
water recovery pipe 130 1is disposed to connect a position
where the heated cooling water gathers and the main water
30 reservoir 100, and the water recovery pump may be further

provided to collect the heated cooling water to the main

water reservoir 100 through the water recovery pipe 130. The



15 water 60 to the pipes 120 at a set flowrate (at step 540--2) The
cooling water 60 being supplied to the pipes 120 flows and is heated
thereinto. In the initial curing step,y%hat is, the tenperature of the
cooling water 60 supplieci to the pipes 120 beconmes within a range between
about OCnmand. +30Q0; aade20othelDénpercht une efixtifeairmt evdtorr 50eofrTher nass
concrete 10 becones within a range between about 7000 and 100C, so.that the

interior 780 Gq HeP MRS OnEPefECL0 G CooPed 6§ Ph& "codlS nGPWater 180 (at
step S50-2), he ige; . i.ng S [ t i pes
120 is hgéﬁgdfﬁ4qhe Zgﬁ%egkgglé%ggiﬁgg%%?ef %%?§§guﬁgw?e3%go ?%%@ﬁggeg 300

(at stepmnS60s2k00AsneEnté@nedecabove, anhie tlesapeeatune okanbke Jidatiedatcool i ng
wat er 60 being supplied to the hoses 300 is determ ned by the tenperature
of the ihherirortB0l ofattdie Prasstesner éte the artki e o rat er®Fc¥hel€ool i ng
wat er 607BIomjng. 30 along the pipes 120. The flow rate or the cooling

wat er 60 |Q'adjusted by nmeans of the control unit 600 to maintain. the 37

tenperature ofr&he heated) gopl iingywat esn6Qihe beei Bigni ANGEobEt yEEM4O" -' C
and 70C. The heated cooling water being supplied to :he hoses 300 is
di schar gedpthnough ddwe plimcal id ytiod hekesd: Ei®ciamsed erf B¢ herester per
of the hoses 300 Ja.t step 270 -2;, As nentioned above, the noses 31.() are

‘ Locat ed 16 SRéCBut er B rIPW 0 18t HE ‘Fass [O6ncFEFBSTAUEE t Rat the
heat cQol. i di_sc e r | 210y ngt ur,
domn&grdﬁétg gﬁ%ﬁﬁﬂé gztggggurF%geK%%g%?&?ﬁe@gagge 10 cg%c;g%iyﬁ%#egﬁ

Fur:it: eportthencurdmg: ki anket s2000t s deeyered om t beeounerrsorf ace 20eof the
mass concrete 10. Accordingly, a portion of the heated coolina wat er bei ng
di scar gedatshir cuglerchie HEl dss 1risighsut bed Elee tHen iR} ng bt ahket 209,

th by heati th t f 20 of t i fla3;.: t
15680- %) e (Mt S e o M S M Bt Lt S BT S varlatBhe Be®

curing blianket, 200 40 f{ovidesheatys et abni pensl Ficieaciessot her epysed
efficiently heating the outer surface 20. Therefore, the interior 50 of the
massfonenettthnclditseconheflaby oEanseofna2® tdmena@oold nyd) wat ek r80shi bk A

al ong the pipesand the outer surface 20 of :he mass concretgﬁ%?ﬁis heat ed

by means t6f Glife Heated coolingat 6° beldtg discharget® throu e°Rofes 310

of the haoses 300, .t by._r i a tenperature difference fromthe
interiorl§oafoqgﬁé gg%%rzg&gggggggo of 25 the mass concrete 10.

If the curing process starts, the first pumps 110 are

operated by the control unit 600 to supply the cooling water

20 60 stored in the main water reservoir 100 to the pipes 120.
If the temperature of the interior 50 of the mass concrete 10

is less than the set temperature, the switching valves 720

are operated by the control wunit 600 to shut off the
connected portions between the pipes 120 and the hoses 300.

25 Then, the connected portions between the supply pipes 710 and
the hoses 300 are open. Accordingly, the heated water 6l
stored in the auxiliary water reservoir 700 is supplied to

the hoses 300 through the supply pipes 710. The heating
means 500 is controlled by the control unit 600 to make the

30 heated water 61 stored in the auxiliary water reservoir 700

have a temperature in a range between 40°C and 80°C.



"1'16a heated coolini-,; water being discha fgedriug hol OS 310 of the hoses
300 gaehers to the water recovery C5 400 and is returned to the main water
reservoir 100 through the water recovery pipes 130 ;at step S90-2), Al so,

.50 the water recovery pipe 130 is disposed to connect a position where the

h d [i h ' ' th
vater T ocovers BORE iag bl u CRAP SR OV AL 3 LT bef *Fhd CRYSLEH. ool i ng

wat er tocdries i -avat gr rresenyei r 1100 tdwoughot beevat erur-eeovery.ripigpe 130.
The circulation is kept. until the tenperature of the interior SO of the

mass concFeted i 5ol ess thharncheergetd irenperaf ukbe present tihedmtiernedi al e
step of the aqur procees,. further, jif the t erature of the interior, E G
of The sl dohcPEre 1071t eoild ih the SoroN dufieh at i (Tor GRITE,
abouts, 5001, jdqiSi 400 |ow g heat the supplied.cooling, et er.anymre,

t her eby st oppi ng H%a i ng p%éﬂ%uteflsurface 20. T ereforé*g%f<io t he

t enper atar@r@fnd heoi nher secooll theomassncondr ethe 1 dsrtesisddran drhe set

tenperature (at step 3100-2), the operations of the first punps 110 stop by
gon%r@m. an

t he contfforstefof hel Pt 266002E6°8RLEdef PNEhe SUPP! y Sofsdthélfcool i ng.

water 6 t§%}h€§%i f§e§2£N§%§ SEﬁ?%S%QéEZQ sf:{fﬁﬁ%’féﬂﬁkﬁﬁﬁ?nﬂnhﬁmﬁﬁ”ps

730 and e sw i g val'ves are operate y ‘means e control” on it

600 to shwt ekhptheccernected poryionsbeyneend hei phohess 120sand the hoses
300, while the connected portions between the supply pipes 710 and the

hosd$ 3000are bafhgropént, Acoordiaigl yist hesheatred water f6tmstior ediiilnl t he 20

auxiliary water reservoir 700 is supplied through the supply pipes 710 (at
step 3120'2)aFheEHeateE Wat 61° 61-G% Supptied to the hoses 300 through

Each pipe 120 1is connected at one side end thereof to
the main water reservoir 100 into which the cooling water 60
is stored and connected at the other side end thereof to the

15 corresponding hose 300. The hoses 300 connected to the pipes
120 are disposed on the outer surface 20 of the mass concrete
10 (at step S20-2). As mentioned above, the hoses 300 are
closed on one ends thereof and have the plurality of holes
310 formed on the outer periphery thereof.

20 As the curing process for the mass concrete 10 starts,
the temperature difference from the interior 50 to the outer
surface 20 of the mass concrete 10 1is generated by the
occurrence of hydration heat (at step S30-2). The
temperatures of the outer surface 20 and the interior 50 are

25 sensed by means of the temperature sensors 71 and 72 mounted
at the outer surface 20 and the interior 50 of the mass
concrete 10. Thus, the temperature difference between the
temperature of the outer surface 20 and the temperature of
the interior 50 is calculated in real time by means of the

30 control unit 600.

Based wupon the calculated temperature difference, the

supply speed, that is, the flow rate of the cooling water 60



the supply. pipes 71.0 and is discharged through the holes 310 (at
step S130-2)Accordingly, the heated water 6:L is 25 supplied to the outer.
surface 20 of the mass concrete 10, th¥reby heating the outer surface 20 of
the mass concrete. 10 (at step 6140-2). Also, the auxiliary water reservoir
700 has pbbenheatippgibeans 806 pbuated26heseilatandikeepsy tieass opedtieat ed
water 30 61 to a tenperature in a range between 40' C and 70C. Theref ore,

t he heatéénﬁapéru@}tsﬂﬂﬂédiﬁ@t¢ﬁ§%ﬁ&??@a?9°%%tth?egipwoFthod)'§§§ﬁpplied

to the hoses.300 throu t | 9. pi 6 i IS
t hr ough Fﬁgiﬁ89e¥a§fﬁ, eréﬂiﬁggtg%%n hgﬂ%ﬁﬁépé§uH?ggékgggg?ﬁ?%%gggzs

concr et e LQp-Fhe heaticngnhwahert64 supphhgdwhoetheuppl esdsus face 20s¢s
absorbed to the curing blanket 200, and the rest: thereof gathers to the

wat er5 reéovery ductos ddOQly Nektsethedeat ity waEBP6EtIES colf BRERUT 0 the
o the webeFULeEovory: dUrls YOU" THE whtBr Fcavery HIpe a0 1S o sposed to
Comect o ORyler &1 e NeaL i uanl 179, ol st aherscand (et
to col | eetimtheyheated ea@okhngcwatenltonthe6ffiin water. reservoir 100
t hrough the water recovery pipe 130.
In the initial step of the curing process, the switching
10 valves 720 are operated by the control unit 600 to shut off
the connected portions between the supply pipes 710 and the
hoses 300. Then, the connected portions between the pipes
120 and the hoses 300 are open. The first pumps 110 are
controlled by the control unit 600 to supply the cooling
15 water 60 to the pipes 120 at a set flow rate (at step 540-2).
The cooling water 60 being supplied to the pipes 120 flows
and is heated thereinto. In the initial curing step, that is,
the temperature of the cooling water 60 supplied to the pipes
120 becomes within a range between about 0°C and 30°C, and
20 the temperature of the interior 50 of the mass concrete 10
becomes within a range between about 70°C and 100°C, so that
the interior 50 of the mass concrete 10 is cooled by the
cooling water 60 (at step S50-2). At the same time, the
cooling water 60 supplied to the pipes 120 1is heated. The
25 heated cooling water 60 is supplied to the hoses 300 (at step
S60-2). As mentioned above, the temperature of the heated
cooling water 60 being supplied to the hoses 300 is
determined by the temperature of the interior 50 of the mass
concrete 10 and the flow rate of the cooling water 60 flowing

30 along the pipes 120. The flow rate of the cooling water 60

is adjusted by means of the control unit 600 to maintain the



The connection pipe 740 is provided between the auzdliary water reservoir
700 and the main water reservoir. 15 100, Thus, the coaling water 60 stored
in the main water reservoir 100 is supplieci to the auxiliary water
reservoir. 700, and the heated water 61 heated by. neans of the heating

means S60.pupL £d-4 NSk dentha ANl | MR Sl (BSErdl Lo T80 Lg suARLIRd 1o
the outer s ace of the mass concrete 10 rougk. t he supp pi pes
710, Th&;@txﬁ@emamml startcc@t the tine when the terrper ature at .::he
intentor 50 of tee concrete 10 is less than the set tenperature and is kept

until the cwlihfg heEdces £acd igenplaetced ]C(@dttn%tféwpﬂB@-CQ)tO Affteerhastiard mQ

process for the mass c ncret ete 2 nal t.he pi pes 120
are filled By reansc Sf ﬁ]tg%njtqf% PE gp‘l hﬁeoffor ef 5%? fREM s S

concret e HO. oVhike ééﬁ&f&%ﬁ%f' Ryention hasobeen (descei bedowbt h reference
to the particular illustratiee enbodinents, it is not to be restricted by

t he enbod&stedbutab@wley byhehdus@asappl@r@dedrel aiasatdd ios t ohbe appreci at ed

that. those skilled. in the art can change or nodify. the enbodi nments
wi t hout Hefharti Mg Plomthe ScopeCanarsperi tl of Scchetﬁlaéseﬁ@el MfsHtdn, 40

[CL AINEgoollng water discharged through the holes 310 naturally
flows downwardly along the outer surface 20 of the mass
10 concrete 10. Further, the curing blanket 200 is covered on
the outer surface 20 of the mass concrete 10. Accordingly, a
portion of the heated cooling water being discharged through
the holes 310 is absorbed to the curing blanket 200, thereby
heating the outer surface 20 of the mass concrete 10 (at step

15 s80-2).

Also, the heat-retaining member 210 is covered on the
curing blanket 200 to provide heat retaining efficiencies,
thereby efficiently heating the outer surface 20. Therefore,
the interior 50 of the mass concrete 10 is cooled by means of

20 the cooling water 60 flowing along the pipes 120, and the
outer surface 20 of the mass concrete 10 is heated by means
of the heated cooling water being discharged through the
holes 310 of the hoses 300, thereby reducing a temperature
difference from the interior 50 to the outer surface 20 of

25 the mass concrete 10.

The heated cooling water being discharged through the
holes 310 of the hoses 300 gathers to the water recovery
ducts 400 and is returned to the main water reservoir 100
through the water recovery pipes 130 (at step S90-2). Also,

30 the water recovery pipe 130 is disposed to connect a position
where the heated cooling water gathers and the main water

reservoir 100, and the water recovery pump may be further



[claim1] Tin apparatus for reducing a tenperature difference
generat.d in mass concrete made hy assenbling iron bars, 5 setting ap a
form and pouring concrete into the f orh during a coxing process of the
mass concrete, the apparatus conpri sing: a main water reservoir
adapt ed peostoee cool tngleaterthdheheantd;, dOpliipes disposed i isedenate form

in such a manner as to be in the interior of the mass.congret t
the timevetcEonEFEEBO¢Ast PAgENERBIPI pBE BEFRg §588¥8r¥p8??efigﬂTea. eo?hgr

by @ given di,sLancg L0 SUEN A ARINGHAS dpie hasset tHough dhk s

concr et e“and"berng connec o the main 15 water reservoir from which the

cool i ng wat erei agsuppbhedetbenet 05 sesthahat heht esperatmperafutde interior
of the mass concrete is decreased and the cooling water supplied thereto is
heat €d to di stharlye heatetedbols ngteatef Ehereffony MHIEISHi spdsedon the

outer surface of the ss concrete.20 in_su a e cted
to the O&FpﬁpeeHSQPSFQEHEepPgegs?r6%?35?85 gﬁeoﬁggﬁgdﬁ%%%l%%%gﬁzggPﬂfs
suppl i ed Lharelo, each RosecBavkigedahlyr alicky dlarfilss danedsonct he
outer periphery thereof, thronpth which the heated cooling water is

di schar ged; i2banoauXiohi ary Wwaber treseswvoplieddapbédnpo witorire dedatnede wat er

t hereinto; supply pipes connected to the auxiliary ter_reservoir t
suppl y tﬁéeﬁégﬁeétW@PéPgtSeﬁﬁénguFEP SUFFacE st 2Che“Mass e ¢ ¢oneret e i f

Egﬁ‘p (?;T%F\gf ;eﬁndDOefre;[t%%fei nferigr qf .the mass- 30,copgLet e Jos.Aeas thansa set
less than the set temperature (at step S100-2), the
operations of the first pumps 110 stop by the control of the
control unit 600 to shut off the supply of the cooling water
60 to the pipes 120 (at step S110-2). Further, the second

15 pumps 730 and the switching valves 720 are operated by means
of the control unit 600 to shut off the connected portions
between the pipes 120 and the hoses 300, while the connected
portions between the supply pipes 710 and the hoses 300 are
being open. Accordingly, the heated water 61 stored in the

20 auxiliary water reservoir 700 is supplied through the supply
pipes 710 (at step 5120-2).

The heated water 61 is supplied to the hoses 300 through
the supply pipes 710 and is discharged through the holes 310
(at step S130-2). Accordingly, the heated water 61 1is

25 supplied to the outer surface 20 of the mass concrete 10,
thereby heating the outer surface 20 of the mass concrete 10
(at step S140-2).

Also, the auxiliary water reservoir 700 has the heating
means 500 mounted therein and keeps the stored heated water

30 61 to a temperature in a range between 40°C and 70°C.
Therefore, the heated water 61 stored in the auxiliary water

reservoir 700 is supplied to the hoses 300 through the supply



a control unit operated to supply the cooling water fromthe wain water
reservoir to the pipes if the tenperature of 41 the interior of the nass
concrete is nore tnan. a set tenperatupe and to supply the heated water
fromthe auziliary water. reservoir to the supply pipes if .The tenperature

f the i ' . . h LS |
of ihe WBISIL0NI0 ang 15 dischaflolNSIRSR.CHNET eheiLs, Legs than dlp set

t enper at aratu inclai

Ltiirtt avest IngORNPEI sitg sWil.chidig yal ves dmuniess atopesktonyg .where: t he
out put ends of the supply pipes are di spose& between the pipes and the 10
hoses t dishutnoffatere supplye bfed heo cdot durana. swecfarz Ithile Suppthdchg t he

heated water tb the hoses throu t he suppl i pes,.if the tenperature of
the. | nt et o1 or e e e Kmer Qb e Fac) B0e (Tt ¢ HREEB0T (et .

[ G aism 3ﬁhe15J£‘€e§pPé&8¥ré'§%?auQ€Ei ned i nyckai mﬁh% nkurther (chapriging: so as

to collect: the heated cooling water or. the heated. water flow ng al ong
t he out efoslrdace ob tthe mass concretecidrough the dhsohahgitng fwaomad he
plurality of holes of the hoses disposed on the outer surface of the nass

concr et 2GRS0 Eedv el 30 dutt e dic® pos ddi @l HHEE 1§ hee SuEesy ofuGiie 4hiss

ConcrEtefhe water recovery pipe 130 is disposed to connect a position
where the heated cooling water gathers and the main water
10 reservoir 100, and the water recovery pump may be further
provided to collect the heated cooling water to the main

water reservoir 100 through the water recovery pipe 130.

The connection pipe 740 1is provided between the

auxiliary water reservoir 700 and the main water reservoir

15 100. Thus, the cooling water 60 stored in the main water
resexrvoir 100 is supplied to the auxiliary water reservoir
700, and the heated water 61 heated by means of the heating
means 500 mounted inside the auxiliary water reservoir 700 is
supplied to the outer surface 20 of the mass concrete 10

20 through the supply pipes 710. The circulation starts at the
time when the temperature of the interior 50 of the mass
concrete 10 is less than the set temperature and 1is kept
until the curing process is completed (at step 150-2). After
the curing process for the mass concrete 10 1s completed,

25 finally, the pipes 120 are filled by means of grouting to
finish the formation of the mass concrete 10.

While the present invention has been described with
reference to the particular illustrative embodiments, it 1is
not to be restricted by the embodiments but only by the

30 appended claims. It is to be appreciated that those skilled
in the art can change or modify the embodiments without

departing from the scope and spirit of the present invention.



and water recovery pipes connected to the water recovery ducts to coll ect
the heated cooling- water or the heated water-to the nain water. reservoir,
alternatively: further conprisinc" water passages formed. 25 along the
edges where the nmass concrete and the ground neet each other to collect the
heat ed coptimgusbter or the heated. water thereto; and water recovery pipes
connected to the water passages to collect the floated cooling water or the
heateq waferate the main water reservPir, ane 30alternatively, further
conprisingi water. recovery- pipes adapted to connect a position where the
heated water %1 tdeoheated cbdoli ngedatenrd gat heFsmporeheremi Al gt epnce

reservoir; and 42 water recover unps provided to .collect the heated
wat er or 9EReTRESEedE0d1FSTg 9\8{1‘#6?% ema]\éﬁ Vit ST e ET Vot h?%ﬂ%ﬁ. t he

wat erg r e%@é@ﬂﬁg.’ h§ ne Jf[oq“f!amcfl]po-l[ﬁeir?go%r?éf@tésirg@ ined Forg abm Sng
further conprising: irst punps di sposed between the main water
reservoi b andrlibeg pigesdss suppl yciide cood | ngowatere t o tie papesraand.
second punps di sposed between the auxiliary water reservoir and the supply
pi pes tocsupphyltthé heated water to 10 the supply pipes.

a main water reservoir adapted to store cooling water
thereinto;

10 pipes disposed inside the form in such a manner as to be
buried in the interior of the mass concrete at the time of
concrete casting, the pipes being spaced apart from each
other by a given distance in such a manner as to be passed
through the mass concrete and being connected to the main

15 water reservoir from which the cooling water is supplied
thereto, so that the temperature of the interior of the mass
concrete is decreased and the cooling water supplied thereto
is heated to discharge heated cooling water therefrom;

hoses disposed on the outer surface of the mass concrete

20 in such a manner as to be connected to the output ends of the
pipes from which the heated cooling water is supplied thereto,
each hose having a plurality of holes formed on the outer
periphery thereof, through which the heated cooling water is
discharged;

25 an auxiliary water reservoir adapted to store heated
water thereinto;

supply pipes connected to the auxiliary water reservoir
to supply the heated water to the outer surface of the mass
concrete 1if the temperature of the interior of the mass

30 concrete is less than a set temperature; and

a control unit operated to supply the cooling water from

the main water reservoir to the pipes if the temperature of



[ Cl ai m 5] The apparatus as defined in claim4, further conprising C
curing bl anket covered on the outer surface of the mass concrete to absorb
a portion of the heated cooling water s0r 15 the heated water being

di scharged th'-rmch the holes, thereby alloying the absorbed heated

cool i ng er. or the absorhbed heated water to be contacted with the outer
surface 0 ét hlem_frea}slso%onocfe%gle[ d'atm 6T 20ThHe eapbgr a?%]éeasgla%?i ned 39

cl ai nf urthese cOPPFrd sing. @ Ty et Mg aenpere covesed ian 4he culing
bl anket to keep the hear of the heated cooling water the heated water

absor bedvafoet hee ety Vgr bt anklet . s @b by e ifje 25Thet lapparratursa asraef f ngdk i n
clainb, wherejn the he%{e retai ning maaber is forned of vinyl canvas or

bubbl e sh&ets:°fd &Fm mass T Hppdr at t¥ as€defi nédni n % ML

wherejn auxiljary water reservoir conprises heating neans adapted to 30
heat the heated water stored thereinto, [Claim 9] 43

[claim 2]

The apparatus as defined in claim 1, further comprising
switching valves mounted at positions where the output ends
of the supply pipes are disposed between the pipes and the

10 hoses to shut off the supply of the cooling water, while
supplying the heated water to the hoses through the supply
pipes, 1if the temperature of the interior of the mass

concrete is less than the set temperature.
[claim 3]

15 The apparatus as defined in claim 2, further comprising:
so as to collect the heated cooling water or the heated water
flowing along the outer surface of the mass concrete through
the discharging from the plurality of holes of the hoses
disposed on the outer surface of the mass concrete, water

20 recovery ducts disposed along the edges of the mass concrete;
and water recovery pipes connected to the water recovery
ducts to collect the heated cooling water or the heated water
to the main water reservoir,

alternatively, further comprising: water passages formed

25 along the edges where the mass concrete and the ground meet
each other to collect the heated cooling water or the heated
water thereto; and water recovery pipes connected to the
water passages to collect the heated cooling water or the
heated water to the main water reservoir, and

30 alternatively, further comprising: water recovery pipes
adapted to connect a position where the heated water or the

heated cooling water gathers to the main water reservoir; and



The apparatus as defined in claim$S. further c:onrris:nc: a surface
pDrtion, tel aperature sensor disposed on the outer surface oft, e nass
concrete to measure that tenperature ¥t the CUIJEE r surtace and a center
portion tenperature aensor 5. disposed in the interior of the nass concrete
t o noasoxgrthertempergt wieoef driveriidetbekicorcadflddte tias shaxprect etatesr wher ei n
the control unit is connected to the heating neans to supply power to the
heati ng reanscanddoperates tidenwitcHify Watvesd F9r t?]%seig‘(g%%‘r atur et the
interior ﬁf thﬁ VBOS concr et e 1g obtained from the center portion

t enper at GF'€ ¥8n§or *F§°VESY PBERT "t he set tenperature, SO that the supply of
t he hcy.atcfg.ﬁogjing water fromthe pipes to the hoses stops and the

heat ed water®fTom t he supply pipes to the hbses is supT:Ued. |lel 15The

appargit us as el i Neh i £ 6L akh & Qe r fakd het €0OPN i 5] NDrecheconnegtdicn mj ;pe
provi ded between the auxiliary water reservoir and the main water reservoir
to supply thefcosti pgmuat edisposed brtwhennailie water red&voreSEbvPne
auxiliary water reservoir, 20[claimLii . The par at us .defjined in
cl ai m 9, @RefFBFnPLRE ScbAt ISHIp.plél’nitb.e E8RLIBPs"Ehe f ggsgh%u%‘b%g?b %JrlJfli est the
flow rate of ol | ter i S | t e phpesi t hecsecond
punps to adl ués%&t)ﬁ%g ng&}orw:t glg%:%st %e ﬁ%?twee;eqiwa&eﬁr&bei ng ZSaaighﬂppl ied to the
hoses, Lueaikpkoiizl and thEneswappar atitsas-defumely i the chadned lyawher ebn t he
tenperature difference fromthe interior to the outer surface of the nmass
concl@t eths cabedlvaré®<y the control unit, and 30 if the tenperature
difference calculated by the control unit is nore than the set tenperature
di fferenceClehs ?fr st punps ay_e opeoceted to supply the cooling water to

the pipes, 4%he apparatus as defined in claim 4, further comprising
a curing blanket covered on the outer surface of the mass
concrete to absorb a portion of the heated cooling water or

15 the heated water being discharged through the holes, thereby
allowing the absorbed heated cooling water or the absorbed
heated water to be contacted with the outer surface of the
mass concrete.

[Claim 6]

20 The apparatus as defined in claim 5, further comprising
a heat-retaining member covered on the curing blanket to keep
the heat of the heated cooling water or the heated water
absorbed to the curing blanket.

[claim 7]

25 The apparatus as defined in claim 6, wherein the heat-

retaining member is formed of vinyl canvas or bubble sheets.
[Claim 8]

The apparatus as defined in claim 4, wherein the
auxiliary water reservoir comprises heating means adapted to

30 heat the heated water stored thereinto.

[claim 9]



[claim13] A nethod for reducing a tenperature difference generated in
mass concrete, the nethod canprising the steps of". assenbling iron
bars, setting up a form and di sposing3at | east one or nore pipes inside
the formin such a manner as to he passed throuih the nmass concrete built

by casting c r i e rm ;. - di ing atc | -

hoses, each ﬁgl\%i ‘ra?l %éa%lt&%aétss ((E)%fjh% %slgo??rggho%f Fﬁﬁ%%?e%ﬁlﬁgs

t her eof ,a onu1Batbe poutreorsur éracer of utdesaassrconcetse,d conneati ngittdre ot her
side ends of the pipes to the hoses and one side ends of the pipes to a

mai n wat®t’ rager 9oi £hei ftas WhireActrheec o6l inip Sibter tiis seppedatand difsposing
an auziijary W?,t er res rvoir _i,n whi chth%at eod at ertie§1 gtrgruelg ansdens%olfl y

pi pes aota}b? ed"t6 15 apcr%/ taﬁlg heat'ed “wat ér°'t'o t'he out’er “surface of 't he
mass sconer&i®sed in €hSPOstogivat 8F recowery duelkscor the psides ofiihe mass
concrete or form ng water passages on the edges where the nmass concrete and
t he groundnmestisieacht ottherin 20suppl od ntha hea cootamy avat erwistoried the t he

mai n water reservoir to the pipes by nmeans of first punps, when the

t enper at e i f f Bf'ehicel T r 6 THE Nt eb P or o PRBT ol e SUKT ac® of'RHe’ mass
concr et epdv?e%etgc‘?rﬁﬁé‘dheat%)Pgegeﬁﬂgl 'aﬂgi tg%%er'sa'%te%r H@le Qﬁfwité?:%i S, LOpLr ete by

t he cool’i ng wat er sup to t and suppl yi ng the heated

cool i ng wat ehet otthipehosese diSchargi ngttheoheai®d teeol hagswat@icddiroough
the holes of the hoses to heat the outer surface of the mass concrete,
col Il8ct iair aheecheated €661 iarg et ev0 1ol Ahet Waperapassagessor 30 tleswat er

reCOVerxjgﬂgtgher%%%rTé%%é%g%{?gﬁegocgggkn%ﬁgﬂgﬁpply of the heated
cooling water from the pipes to the hoses stops and the
heated water from the supply pipes to the hoses is supplied.
[claim 10]

15 The apparatus as defined in claim 9, further comprising
a connection pipe provided between the auxiliary water
reservoir and the main water reservoir to supply the coocling
water stored in the main water reservoir to the auxiliary
water reservoir.

20 [claim 11]

The apparatus as defined in claim 9, wherein the control
unit controls the first pumps to adjust the flow rate of the
cooling water being supplied to the pipes and the second
pumps to adjust the flow rate of the heated water being

25 supplied to the hoses.

[Claim 12]

The apparatus as defined 1in c¢laim 11, wherein the
temperature difference from the interior to the outer surface
of the mass concrete is calculated by the control unit, and

30 if the temperature difference calculated by the control unit
is more than the set temperature difference, the first pumps

are operated to supply the cooling water to the pipes.



to the main water reservoir through. water recovery. pipes connected, to
the water passages 0l: the water recovery ducts 45 and water recovery
punps neunted on the water recovery piffes; and if the tenperature of
the interior of the TraSS concrete is |ess than a set tenperbture, stoppini
the operafionsyofsthe first punps by a control unit to shut off the supply
of the cooling water supplied to the pipes, opbrating second punps

di sposed. betmeeathhe sopplydptpes andemberatuxiti aryfeatere reseevaiedby the
control unit to supply the heated water to the outer surface of the nass
concr et e ibhmaggh cPRETE08upply. Mprpes. CeRPI1sing Fhg ﬁ%?ﬁ%dogé defined in

claim 13, wherein the ste f . di_sposi 1 pR! % Ripe r ri ses
the step of d?%%%%?gbn%mfgg iﬁ%&ﬁgaj%%gxﬂgfmggnetﬁ% p(ngﬂgﬁ%p§%%gﬁ%ggs in
15 sugh armanpner asmd obenspangebed 10skhe supplopropiipessudnds thenstep of
supplying. the heated water to the outer surface of the mass concrete
further eenprd ses phesstleps rofudbpetizd i Nps s heoSRrEEhi Wy Val Vves ByStEhed

control unit to shut off the supply of the cooling water supplied. to the
pi pes an@°26 8GFplyi h§St i@ Méated water to the hoses thyongh the supply

pipes It the fe Ciiperatyre,of sthe,idteri of0f Hheckeasesch snl@ssdt han the
set tenperature.” The thod as defined in claim 13, wherein the step of 25
di sposi ngltuhe 1supploy piqles ffurner conprd sest¢hepstephoafy dilsposohg ancuring
bl anket on the outer surface of the nmass concrete, so that the cur'ng
bl ank@ét absorsex portfiasie off tHee Heat ed Rt E? t i s%%%?%%ﬁ“?%rgiﬁ%hof'h%

Elelaj.;(giji Lé&%{en%%ldess oqff tthhee phi(%)seesS tt&eil:l% Onoé-@s tmd St.&P Qidé;oérll&%’té)f'gtﬁge
pipes to a main water reservoir into which the cooling water
is stored; and disposing an auxiliary water reservoir in
which heated water is stored and supply pipes adapted to

15 supply the heated water to the outer surface of the mass
concrete;

disposing water recovery ducts on the sides of the mass
concrete or forming water passages on the edges where the
mass concrete and the ground meets each other;

20 supplying the cooling water stored in the main water
reservoir to the pipes by means of first pumps, when the
temperature difference from the interior to the outer surface
of the mass concrete is generated;

cooling the interior of the mass concrete by the cooling

25 water supplied to the pipes and supplying the heated cooling

water to the hoses;

discharging the heated cooling water through the holes
of the hoses to heat the outer surface of the mass concrete,
collecting the heated cooling water to the water passages or

30 the water recovery ducts, returning the heated cooling water
to the main water reservoir through water recovery pipes

connected to the water passages or the water recovery ducts



30 wat er,

the step of disposing the curing blanket, a heat-retaining nenber is

covered

on the curing. blanket, [Caims171 The net hod as defined in

tCaim 46 The nethod as defined in claim15, wherein after

clain113" further conprising the step of supplying power to heating neans

mount ed
to heat

17, mhergm@ t he flom/rate of t he wat er being supplled to the pipes and.

flowrat

wat er reservoir

control of the contro

| b
? “ﬁgt he guxxlfef ar HéEiDmI?L%Lj.n ed onl_ thé’ aEce ol ecdoe\fe%oplpes,cl aim

e of the heated water beine supplied to the supply pipes are

t he

adi usted by tife Gontrolpam tyrg cbai me9intsThernetthddicasnadef i med-iat <l ai m

| a, wher
surf ace

ein the tenperature difference fromthe interior to the outer

of . 1the concFet e T Cal culi%at ed- ByP tHe coft P@eraﬁlpn%a%fe
upon st he. LSRRl AL ULeRoQ! ihe, AR SUriace apdshie LBterlyr ffodhe g

concrete

tal ne ace portion tenperature senso

posed on

the outerhsurfacenof whe=imsuSpoconrer ete, tard @i cent ebppektion tenperature
sensor disposed in the interior of the mass concrete, so that if the
t enper atRieCdi i eresce datlcudat ed sy $ b bonProksunitd | $hrorathaimithe set

tenperat L

10

15

20

25

30

e, 9 Liarense, the Tirst pumps arg qperated, o5/ Ciaim201

water to the outer surface of the mass concrete through the
supply pipes.
[Claim 14]

The method as defined in claim 13, wherein the step of
disposing the supply pipes further comprises the step of
disposing switching valves between the pipes and the hoses in
such a manner as to be connected to the supply pipes, and the
step of supplying the heated water to the outer surface of
the mass concrete further comprises the steps of operating
the switching valves by the control unit to shut off the
supply of the cooling water supplied to the pipes and
supplying the heated water to the hoses through the supply
pipes 1if the temperature of the interior of the mass concrete
is less than the set temperature.

[Claim 15]

The method as defined in claim 13, wherein the step of
disposing the supply pipes further comprises the step of
disposing a curing blanket on the outer surface of the mass
concrete, so that the curing blanket absorbs a portion of the
heated water discharged through the plurality of holes of the
hoses thereto, in the step of collecting the heated cooling

water.

[Claim 16]



The met hod a5 defined. in claim 13, wherein before the step of supplying
the heated water to the outer surface of the mass concrete, a connection

pi pe is disposed between the main wat € reservoi x and the auxiliary water
reservoir to 30 supply the cooling water stored in the main water reservoir
to the auxilimfy watebdreseryefinefiCiai m24im 4%, wherdhe method s
defined in claim 20, wherein after during process of the nass

concr et estspcohpfléseds 1 ehietpf pedrare Piankdt by? meeis ot bty M ai m

22 - la3: 1. o : i i
1 The gslggv%rédcggctﬁeLguggﬁgdblgyké@?ac'ned in claim 13,

[Claim 17]

5 The method as defined in claim 13, further comprising
the step of supplying power to heating means mounted inside
the auxiliary water reservoir by the control of the control
to heat the heated water.

[claim 18]

10 The method as defined in claim 17, wherein the flow rate
of the cooling water being supplied to the pipes and the flow
rate of the heated water being supplied to the supply pipes
are adjusted by the control unit.

[Claim 19]

15 The method as defined in claim 18, wherein the
temperature difference from the interior to the outer surface
of the mass concrete is calculated by the control unit, based
upon the temperatures of the outer surface and the interior
of the mass concrete obtained from a surface portion

20 temperature sensor disposed on the outer surface of the mass
concrete and a center portion temperature sensor disposed in
the interior of the mass concrete, so that if the temperature
difference calculated by the control unit is more than the

set temperature difference, the first pumps are operated.
25  [claim 20]

The method as defined in claim 13, wherein before the
step of supplying the heated water to the outer surface of
the mass concrete, a connection pipe is disposed between the
main water reservoir and the auxiliary water reservoir to

30 supply the cooling water stored in the main water reservoir

to the auxiliary water reservoir.

[claim 21]



47

The method as defined in c¢laim 20, wherein after the
curing process of the mass concrete is completed, the pipes
are filled by means of grouting.

[Claim 22]

The mass concrete cured by the method as defined in

claim 13.



