
[DESCRIPTION] [Invent:1cm. Title]      APRAPATUS FOR REUTIabIG
TEMPERATUF:.E DIREERENCE IN MASS CONCRETE uS1NG. PIPE COOLING, METHOD FOR
REDUCING TEMPERATURE DIEFERENCE IN MASS CONCRETE USING THE APPARATUS, AND
MASS CONCRETE cuar,0 EY THE METHOD [Technical Field] Tne present. invention
relates to an apoaratus tor reducing a temT.:Jeratare difference in mass
concrete during a 10 curing process. of the mass concrete, a method. for
reducing a temperature diffel-snce in mess concrete using-2. the apparatus,
and to the mass concrete cured. by the method, and more particularly: to an
apparatus fur reduping a temperature difference in mass concrete during a
curing process of the 15 mass concrete, a method for reducing a temperature
difference Sri 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')arid
hoses ha..-ving at pi:Lir:alit:7 or :101eS 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 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 ohcrote,1E: reintheste-R) curing process, the supply. of cool-ing
water to the, pipes disposed inside the mass concrete stops and heated
water. is supplied through supply. pipes to the, outer surface pf the mass
concrete,thereby more efficiently reducing tthe 30 temperature difference
from the interior to the outer surface of the mass concrete, (ackoround
Arial         Concrete is a composite construction material composed
primarily of cement, sand, gravel and water, which is well resistant to
natural damages due to water, fixes, earthquakes, and so on.        The
concrete is made in a batch plant and conveyed by a concrete, conveyor
commonly called a truck mrxer, Next, the concrete is cast, hardened and
cured to a concrete structure. Through the batch plant, an amount of
concrete mixed one time is measured and poured to a concrete mixer, and
after the 10 completely mixed concrete is discharged from the concrete
mixer, next mining is performed.        The cast concrete accompanies
hydration reaction when cured. The hydration reaction occurs wherein solute
molecules or ions attract water molecules thereeround 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 30C. In additiob to the
tempbrature cracks caused by the tempbrature difference from the interior
to. the outer surface of the mass concrete, 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 told days are needed until the curing is completed.
The internal temperature of the mass concrete is increased to about 90C by
the generation of  hydration heat, and a maximum temperature differEnce
frrfm the interior. to the outer surface of the .mass concrete is more than
about 60C. Accordingly, the mass concrete cured witb. the high temperature
difference has serdodc cracks.      Especially, daring hot summer days
where the texperature of oxternal air is substantially high, the hydration
heat is also increased, thereby making temperature cracks occur on the mass
concrete more seriously. To decrease the bemperature cracks in this
indastrial field, various plans in 10 materials, construction arir:.
,oi-raotiada-s of dhe concrete have been proposed and utilized and as the
plan in the construction of the concrete during hot summer.. days, more
particularly, pre-cooling through ice plant and pipe cooling are
introdaced. Alternatively, pipes are installed at the 15 outside of mass
concrete to inject water to the outer surface     the mass concrete,
thereby making the outer surface of the mass concrete wet.      The
pre-codling is carried out or submerging sand or gravel into ice water and
mixing the sand or gravel with 20 cement, and alternatively carried out by
spraying cooling water to aggregate or sand, The pipe codling is carried
out by disposing equally spaced pipes in thd interior of the mass concrete,
by casting concrete, and by rxwring the concrete, while coolluig water. is
being circulated to the pipes, thereby 25 lowering the internal temperature
of the mass concrete.       FIG .lb is a schematic view showing a
conventional apparatus tor reducing cracks caused by dry. shrinkage by
injecting water into the outer surface Clf mass concrete through pipes, As
shown in FIG.lb, water is discharged. from 



30 pipes 30 to make the cater surfacd 20 of Mass concrete 10 wet, thC' reby
preventing the dry shrinkage crshalS enerated during the drying process of
the mass concrete_ In. this case., the  4 dry shrinkage cracks are reduced,
but the temperature cracks generated by the temperature difference from the
interior to the outer surface of the mass concrete still exist.
Further., FIG,lc is a schematic view showing another conventional apparatus
for reducing a temperature difference in. mass concrete, through pipe
cooling. As shown in FIG,1c, cooling water 60 is stored into a water
reservoir 100 and supplied to mimes 30 disposed inside mass concrete 10 by
means of pumps (not shown). Accordingly, the cooling water IC)  60 flows
inside the mass concrete 1.0 to make, the Interior of. the mass concrete 10
cooled. As a result, the temperature difference from the interior to the
outer surface 20 of the mass concrete 10 is reduced. In conclusion,
however, the pre-cooling method has some 15problems 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
La 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  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, per forms accurate temperature control, and provides high
constructability. 



-IX is another 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, whereMn noses each hauinQ a. plurality of
holes formed on tho 5 outer periphery thexeot, through which boated water
is discharged by means of gravity, with no separate drive power are
disposed ob. the outer surface of the mass conc.rete to heat the outer
surface of. the mass concrete, and at tho same cx3ciLin(--.1 water tious
aionp pipes disposed inside the 10 mass concrete, so thet a. curing process
is completed, while toe temperature difference from the interior to the
outer surface of the mass concrete is being reduced.       It is yet:
another oh eat of the present invention to provide an apparatus and method
"tor reducing a temperatiare C,                    tram the interior to
rbz-: outer surface of mass concrete, wherein if the temperature of the
interior of tho mass concrete is less than a set temperature (for example,
about 50C) in tho intermediate step of the curing process, themupplied
coolinp water is not heated anymore to make the outer surface of rho mass
concrete not heated efficiently, so that switching valves are operated to
supply the heated water to the cuter 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 curinp blanket is covered on the whole outer surface of
tho mass concrete, and a. heat - 3D retaining member is covered on the
curinq blanket, which effectively heats the whole outer surface of the mass
cohcrere.  [Technical Solution]      To accomplish the atiove objects,
according to a first. aspect of the present. inventipn, there is provided
an apparatus for reducing a temperature difference generated in mass
concrete made by assembling iron bars, setting up a form and pouring
concrete into the form, during a curing process of the mass concrete, the
apparatus including: a main water reservoir adapted to store cooling water
thereinto; pipes disposed inside the form in such a manner as to be buried
in 



10 the interior of the mass concrete at the time of concrete casting, the
pipes being spaced apart from each other Py a given distance in such a
manner as to be passed through the mass concrete and being connected to the
main water reservoir from which the cooling water is supplied thereto, so
that the 15 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 in such a manner as to be connected to the outppt ends of the
pipes from which the 20 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 wf 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 eipes if the
temperature of the interior of $0 the mass concrete is more than the set.
temperature and to supply the heated water from the auxiliary water
reservcdr to  the supply pipeo if the temperature of the interior of the
mass concrete is less than the set temperature. Accordingthe present
invention, desirably, the apparatus turther includes switchrng valves
mounted at 5 positions where tae output ends of the supply pipes are
disposed between the pipes and the noses E. stint oft the supply. of the
cooling water, while supplying the heated water to the hoses through the
supply pipes, if the temperature of the interior. of the mass concrete ]
less than the set 10 temperature_      According te the present: invention,
desirably, so as to collect the heated cooling. water Cr the heated water
flowing along the outer surface of the mass concrete through the
discharging from the plurality of holes of the ho sea 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 maia water, reservoir, 20
alternatively, further includes: water passages bdnmed 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 throuqh the water recovery pipes.
According to the present invention, desirably, the apparatus further
includes: first pumps disposed between the  8 mamn water reservoir and the
pipes to supply the cooling water to the pipes; and second pumps disposed
between thb auxiliary water reservoir and the supply pipes to supply the
heated water to the supply pipes, 5According 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 in 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 - retainihq 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 theeinto, 



According to the present invention, desirably, the apparatus further
includes a surface portion temperature sensor disposed on the outer surface
or. the mass concrete te 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 if 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  9 



water from the pipes to the he:3es stops and the heated water from the
supply pipes to the hoses is supplied.      According to the pT_7.:Iy3ent
invention, desirably,. the apparatus further includes a connection pipe
provided between 5 the auxiliary water reservoir and the main water
reservoir tp supply the cooling water stored. in the main water moservoir
to the auziliary water reservoir.      According. to the present invention,
desirably, the control unit controls the first pumps to adjust. the flow
rate 10 of the cooling water 'being supplied to the pipes afld the second
pumps to adjust the flow- rate of the heated water being supplied to the
hoses,      According to the present invention-, desirably, the temperature
difference from the interior to the outer surface 15 of the mass concrete
is calculated by the control unit, and if the temperature difference
calculated by the control unit is more then the set temperature difference,
the first pumps are operated '.-1.1) supply. the cooling. water to toe
pipes, To accpmplish the above objects, accordinp to a second 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; disposinp
at least one or more hoses, each having a plurality of holes formed on the
outer periphery thereof, 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 is stored and
supply pipes adapted to  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; 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 cuter surface of the mass concrete is
geneated; cooling the interior of the mass concrete by the cooling water
supplied to the pipes and 10 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 passagps or the water recovery ducts, returning-
the heated cooling water to tl--te 



15 ma'.n water reservoir through water recovery 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, stoppini 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
sugoly 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  1 I
supplying the heated. water to the hoses through the supply. pipes if the
temperature of the interior of the mass concrete is less than the set
temperature, According to the present invention, desirably, the step 5 of
disposing. the supply pipes further includes 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 boles of the hoses thereto, in the step of collecting the
heated cooling 10 water.      According. to the present invehtiony
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 15 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 1:2TIVeSTLI.CM, desirably, the flow rate of the
cooling water being supplied to the pipes and. the 



20 flow rate of the heated water being supplied to the. supply pipes are
adjusted by the control unit:,      Accprding 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 25
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 pf the mass concrete? SO that if the temperature
cU difference calculated. bv the control unit is more than the set
temperature difference, the first pumps are operated,  12.      According
to the present linventien, desirably, before the step of supplying the
heated water to the outer surface of thb mass concrete, a connection pipe
is disposed between the main water reservoir and the auxiliary water
reservoir to 5 supply the cooling water stored in the main water reservoir
to the auxiliary water reservoir.        According to the present
invention, desirably, after the curing process of the mass concrete is
completed, the pdpes are filled by ?means of grouting, 10According to the
present. invention, desirably, the mass concrete is cured by the :method
for reducing a temperature difference,. [Advantageous Effects] According to
the present invention, the hoses each 



15 having the plurality of holes formed on the outer periphery there of are
disposed on the outer surface of the mass 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 interiox to the outer
surface of the mass concrete is reduced to prevent the internal cracks
caused by high temperature difference. 25In 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 SO'C), the
supplied cooling water is not heated anymore to make the outer surface of
the mass concrete not heated efficiently, Sc) 30 that the switching valves
are operated to supply the heated water to the outer surface, thereby
efficiently reducing the temperature difference,  13      Also, .the
temperature at the ou.:11:er surtab..E: at the faa..t.3 conrete is
increased. to reduce the temr,:leir(Edg.fre difference from the interior to
the outer surface of the mass concrete and thus to prevent the internal
cracks caused by high. 5 temperature difference, and further, the curing
blanket, which absorbs the heated cooling water or the heated water
thereto: is. always contacted with the outer surface of the mass concrete,
thereby effectively heating the outer surface 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. efficgehcy of the outer surface of
the mass concrete. Also, 15 the hoses haying the plurality of holes are
disposed 0n the tpper end portions of the mass concrete, and thiis, the
heated water naturally flowing along the outer. surface of the mass
concrete gathers to the water recover y ducts and is returned to the main
water reservoir through the water recovery pipes, 20 so that the water is
circulated with relatively smnilpower, which dives economical. advantages, 



(Description of Drawings]       PIC..la is a graph showing the outer
surface temperature of Ta.3S concrete, the internal temperature thereof and
the 25 difference between the two temperatures during caring of poured
concrete,      FIG.lt is a schematic view showing a conventichal apparatus
for reducing cracks caused by dry shrinkage by Mi.:e.g.-MI:lig water into
the outer surface of mass concrete 30 through pipes,            lots a
schematic view showing another coneentional apparatus for reducing a
temperature difference in mass  concrete, wherein pipes are disposed inside
the mass concrete, through which cooling water flows.      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
invention.      FIG.3a is a sectional view taken along the line A-A' of
FIG.2      FIG.3b is a plan view showing the apparatus accordlnd to the
first embodiment, of the present invention_      FIG,4 is a block diagram
showing the signal flows of the apparatus according to the first embodiment
of. the present invention. FIG5isflow chart showing a method for reducing a
temperature difference in mass concrete according 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 between the two
temperatures during curing of poured concrete mn. 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. 25FIG.8 is a. plan view showing
the apparatus according to the second embodiment. of the present invention_
FIG.q is a block diagram showing the signal flows of the apparatus
according to the second embodiment: of the present invention. 30FIG,10 is a
flow chart. showing a method for reducing a temperature difference in mass
concrete according to the second embodiment of the nresent invention_
(r-,es tfer Thuventlad      Hereinafter, an ezplanation on an sprier toe
and method for reducing a temperature difference in mass concrete during
curing according to the present invention will be given with reference to
the attached drawings, in the detaigeo description on the operating
principle of the preferred embodiment of thb prbsent invention, Sc.
explanation on their functions or configurbtions well known in the art will
be avoided for the brevity of the description, 10Further, in tbe
description. of the invention with reference to the attached drawinbs,
further., the same components are indicated by the same referenob numerals
as each other, On the other hand, if it is expressed that. a component is
'connected' or ucoupled" to another component, 15 it should be understood
that the component is connected or coupled. to another component, and
alternatively, another. component is interposed between the connected or.
couplect 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 temperbtuxe 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 apparatusJ      Hereinafter, an explanation on a
configuration of eh apparatus for reducing a temperature dIfferece in mass
concrete according to a first e.mbecLbdent of the present. 30 invention
will be given, First, FI0.2 is. a perspective view :cit.:owing an apparatus
for reducing a temperature difference in mass concrete according to a first
embodiment of the present  16 invention, As shown in FIG, 2, an apparatus
for reducing a temperature difference in the mass concrete largely includes
hoses 300 disposed on the upper. portion of the outer surface 20 of the
mass concrete 10, pipes 120 disposed passed through S the interior 50 of
the mass concrete 10, a main water reservoir 100 in which cooling water. 60
is stored, first pumps 110, water recovery ducts 400, a puling blanket 200,
a heat-retaining member 210, water recovery pipes 136, an auxiliary. water
reservoir 700 in which heated water 61 is 10 stored, secend pumps 730,
supply. pipes 710 adapted. to supply the heated water. 61 therethrough, a
connection pipe 740 adapted to connect the main water reservoir 100 and the
auxiliary main reservoir 700,a third. pump 750, and a control unit 600.
15As shown in FIG. 2, the pipes 120 are passed buriedly through the
interior 50 of the mass concrete 10. The pipes 120 are disposed inside a
form before concrete casting and are buried in the interior 50 of the mass
concrete 10. The pipes 120 are connected to the main. water reservoir 100
into 20 which the cooling water CO is stored* Water is supplied. 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 50 stored in the
main water 25reservoir 100 to each pipe 120. 



The cooling water CO 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 is 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 60C. and 100C, and the temperature of  the cooling- water- becomes
within a range between about O'C and 30C. Through the heai transmission
therebetweon, aboordino3y, the cooling water 60 is heated and the interior
50 of the mass concrete 10 is cooled.             cooling water 50 is
heated by means of the temperature of the interior 50 of the mass concrete
10 and is supplied to the hoe as 300 in a state of being heated, The
coeling water- 60 stored. in. the main water reservoir 100 sappiled to the
pipes 120 oy means of the first pumpe 110, 10 and the first pumps 110 aK'S
controlled by the control unit 600, thereby adjusting the supply speed of
the cooling. water 60 and the flow rate in the oipes 120. That is, the
first pumps 110 are composed of inverter pumps controllabae by meens 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 exchanbe efficiency between. the cooling- water 60
existing inside the pipes 120 anci. the interior 50 of the mass concrete
10. Ffurtheri the .1low rate of tnia- coo rig water 60 -13:1 the 20 pipes
120 determines the temperature of the heated cooling water supplied to the
hoses 300. Under the control of the control unit 500, the flow rate of the
coolinb water 60 ic. the pipes 120 is adjusted to allow the temperatbre of
the heated cooling weter being supplied to the hoses 300 to be TS within a.
range between 40C and 70C,       The hoses 300 are connected
correepondingly to the pipes 120 in such a manner as to be disposed on the
outer surface 20 of tho mass concrete 10. Ae shown ln each hose 300 is.
closed at. tbo end thereof and has a plurality of holes 31.0 30 formed on
the outer periphery thereof. Therefore, the heated cooling water supplied
to the hoses 300 is discharged. thrubh the plurality of holes 310 of the
hoses 300. As shown in  FIG .2, the hoses 300 are located on relatively
high positions on the outer 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 mass concrete 10 by its
gravity,      According. to the first embodiment of the present invention,
further, the apparatus includes the water 



ducts 400, As shown in FIG. 2, the water recovery ducts 400 are formed.
along both sides of the lower end of the mass 10 concrete 10. 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 coo-Ling water gathers in the water recovery ducts
400 and is then collected to the main water reservoir 400 through 15
respective water recovery pines 130.      The outer surface 20 of the Mass
concrete 10 is ueo,as by the heated cooling water discharged through the
holes 310 of the hoses 300. That is, the temperature of the heated. cooling
water becomes in a range between 40C and 70C, and 20 the temperature of the
outer surface 20 of the Mass concrete 10 becomes in a range between 10C.
and 30C, 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 is 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 50C), the supplied
cooling- water is not heated anymore to stop the beating of the outer
surface 20. Therefore, if the temperature of the interior of  19 the mass
concrete 10 is less than the set terprature, the operations of the first
pumps 110 stop by fhe control of the control unit 600 to. shot off. the
supply of the cooling water 60 to the pipes 120. the second pumps 73e are
operated by 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. 



shown in .610...2, the abxdliary wafer. reseiygir 700 has 10 heating means
500 mounted therein and beeps the stored heated. water 61 to a temperature
in. a range between 40C. and 70nC, Therefore, the heated water 51 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 15
outer 51.21TbaC:e 20 of 1:1:2Hss concrete 10, Efurther ftLca connection
pipe 740 is provided between the auxiliary water reservoir 700 and the main
water reservoir 100L. Thus, the cooling water 60 stored in the main water
reservoir 1(1)0 is supplied to the auxiliary water reservoir 700, and the
20 c,:oc.)1LI_J:lg water. 50 is heated by means of the heating means 500
mounted inside the auxiliary w,Enar reservoir. 700 and supplied to the
outer surface 20 of the mass concrete 1.0 through the supply pipes 710,
FIG,3a is a sectional view taken along the line A-A! of 25 EIG"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 interioms
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 portipn.
or the highest position of the outer. surface 20 of the mess concrete 10,
Accordingly, the heated. cooling water 60 being discharged throbb the holes
310 naturally. flows  



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 the mass concrete 10, Tho water recovery
pipe 130 is 5 disposed to connect a positibn where the heated cooling water
gathers and the main water reservoir 100, and a. water recovery pump (not
shown) is further provided to collect the heated cooling water to the main
water reservoir 100 througn. the water recovery pipe 130, 1.0The curing
blanket 200 is made of a cotton material like a nor-woven
fabric.Accordingly, a portion of the heated cooling water being discharged
through the holes 310 is absorbed to the curing blanket 200. Thus, the
curing blanket. 200 to which the heated cooling water is absorbed is always
15 brought into close contact with the outer sorface 20 of the mass
concrete 10, so that the heated cooling- water is always contacted. with
the outer surface 20 of the mass concrete 10. The temperaturo of the heated
cooling water being- discharged through the holes 310 of the hoses 300 is
in a range between. 20 40C and 70C, and the temperature of the outer
surface 20 of the mass concrete 10 is in a range between about 10C and 30C,
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 SlinfEice 20 of the mass concrete 10 and the
interior 50 theteor, The center portion temperature sensot 72 disposed in
the interior- 50 of the mass concrete 10 is 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 20 and the center 



21 portion. temperature sensor 72 disposed on the interior 50 theteor are
uhder the control of the contro[ unit GOO, acc:ovdinoi.y a temperature
difference from the inter',or 50 to the outer surface 10 ol Lhc mass
concrete IC can be                 F-)usec1 on the chlculated temporature
difference, the first pumps 110 are controlled to adjust the flow rate of
the cooling water 60, thereby controlling the temperature of the heated
cooling water. The curing blanket 200 is progded to increase the 10 heating
efficiency. The curing blanket 200 is always brought into close contact.
with the eater surface 20 or the mass concrete 10, so that the heated
cooling water being discharged through the holes 310 of the hoses 300 is
always contacted with the outer surface. 20 of the mams concrete 10 15 and
thus beats the outer. surface 20 of the mass concrete IC more rapidly.
Also, the curing blanket 200 and the hoses 300 are ci...yvered by the
heat-retaining member: 210. The heat - retaining member 210 is co-vered on
the cring blanket 200, thereby. keeping the heat of the heated '.4ater 61.
That is, 20 the temperature of the heated. water 61 is madntained for. long
hours, thereby increasing the heating efficiency. The heat - retaining
member 210 is for: ed of vinyl canvas, bubble sheets and the like, which
has heat -retadnlng effects, During the chring process, furtheu:, if. the
temperature 25 of the interior or the mass concrete 10 is less than the set
temperature (for ezample, about. 502C.), the supplied cooling water 60 is
not heated anymore to stop the heatine of the outer surface 20. 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 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.      The auxiliary water reservoir 700 has
the heating means 500 mounted therein and keeps the stored heated water .61
to a temperature in a range between 40QC and 70C, Therefore, the heated
water 61 stored in the auxiliary water reservoir 700 IS supplied to the
cuter surface 20 of the mass concrete 10 10 through. the supply pipes 710,
thereby heating the outer surface 20 of the mass concrete 10. 



FIG.:3h is a plan view showing the apparatus according to the first
embodiment: of the present invention, As shown. in FI0,3b, the cooling
water 60 stored in the main water 15 reservoir no is supplied to the pipes
120 disposed in the interior 50 of the Mass concrete 10, The first pumps
110 are controlled. by the control unit 600 to adjust the flow rate of the
cooling water 60 being supplied to the pipes 120. in the initial step of
the darliag process, further, the cooling 20 water 60 flowing along the
interiors of the pipes 120 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-
23 retaining member 210 is covered on the curing blanket 200, the
temperature of the heated cooling water can. be maintained for longer
hours, As shown in FIG,3a, the heated cooling water gathering to the water
recovery ducts 400 is returned La the main water reservoir 100 thro.gh the
water recovery pipes 130.. The water reco-very pipe 130 is disposei to
concert-a position where the heateci cooling water gathers and the main
water. reservoir 100, and the water recovery pump may. be further provided
to collect the heated cooling water to the 10 main water reservoir 100
through the water recovery- pipe 130.       During the ahring praeess,
farther, tithe temperature of the interior of the mass concrete 10 is less
than thb set temperature, the sfppiled cooling water. 60 is mat: heated
anymore to stop the heating at the outer surtace 20. 



15 Therefo-_, it the tempeiature of ehe interior of the mash 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 pdpes 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 doss 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 rahTe
between. 40'e 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 30 710, thereby beating. the
outer surface 20 of the mass concrete 10, The heating water 61 supplHed to
the cuter 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 to the main water reservoir 100 through the water recovery
pipes 130 connected to the water recovery ducts 400. Seas to cellect the
heated water 5 61 to the main water reservoir 100, the water recovery pipe
130 is disposed to connect a position where the heated cooling water
garners and the main water reservoir 100, and the water recovery pump may
be further provided to collect the heated cooling water to the main water.
reservoir 100 10 through the water recovery pipe 130. The connection pipe
740 is provided between the auziliary 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 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 is disposed in. the interior SO of the mass
concrete 10, and. the surface portion temperature sensor 7. disposed on the
outer surface 20 of the mass concrete 10. Accordingly, the temperature of
the interior 50 of the mass concrete 10 is 25 transmitted. from. the center
portion temperature sensor 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 SO to the 



30 outer surface 20 of the mass concrete 10 is calculated in real time by
mean of the control unit 600.        The curing pmboess for the mass
concrete 10 starts, and if the temperature difference from the interior 50
to the euter surfahe 20 of the mass concrete 10 is more than the set
temperature be the occurrence of hydration heat, the first 5 pumps 110 are
operated by the control. unit 600 to supply- the cooling water 60 to the
pipes 120.       Further, temperature sensors may be mounted inside the
pipes 120, the supply pipes 710 anh the hoses 300. Thus, the internal
tamperatur.em of the 120 and the supply pipes 10 710 and the temperature of
the heated cooling water flovJir-ig along. the 11.053C3 300 are sensed by
means of the temperature sensors- The first pumps 110 are controlled. by
means of the control unit. 600 in such. a manner as to be adjusted in the
View rate of the cooling. water. 60 being supplied to the pipes. 120, based
upon the te.ls)perature difference from the interior  't o the outer
surrace 23 of the mass concrete 10" tne internal temperatures of the pipem
120 and the temperature of the heated water 6-:L, The flow rate of the
cooling water 60 flowing along the pipes 120 determines the temperature of
the 20 heated cooljg water.      Moreover, powbr is 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 51 is heated to the temperature
in a range between 10C and 80C and. the flow rate of the heated water 61
being supplied thrC ugh the supply pipes 710 Is controlled. -If the
temperature of the interior of the mass coccrete 10 is more than the set
temperature, the second. pumps 730 are 30 not operated under the control
unit 600, but if it. is leas than the set temperature., the operations of
the first pumps 



110 stop and the second pumps 730 :Eir..e operated by the control  26  of
the control. unit 600, so that the supply of the cooling water 60 to the
pipes 120 stops, and the second pumps 730 are operated to supply the heated
water 61 to the-outer surface 20 of the mass concrete 10 through the supply
pipes 710.      Hereinafter, an. erplanation Ofl a method for reducing a
temperature difference in. Mass concrete during curing accordinp to the
first embodimpnt of the present invention will be given, First, HTG.5 is a.
flow chart showing a method for reducing a temperature difference in mass
concrete [0 according to the first embodiment of the present invention, So
as to build the mass concrete 10, iron. bars are assembled, and a form is
set up, Next, the pipes 120 are disposed inside the form, and further, the
temperature sensors 71 and 72 are disposed inside the form. After that,
concrete is 15 cast into the form to build the mass concrete 10 (at step
(310      Each pipe 120 is 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 20 corresponding hose 300, The hoses
300 connected to the pipes 120 are disposed on the outer surface 20 of the
mass concrete le (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
concrete 10.Thus, the temperature difference between the 



cuter surface 20 and the interior 50 is calculated in real time by means of
the control unit 600, Based upon the calculateo temperature difference, the
5 supply speed, that is., the flow rate cif the cobling water 50 being
supplded CO the pipes 120 i5 determined by means of the control unii:. 500.
As described above, the flow rate 01: the cboling water 60 flowing along
the pipes 120 determines the temperature of the heated cooling water being
supplied to the 10 hoses 300, Accordingly, based upon the temperature
difference calculated in real tim..e" the flow rate of the cooling water 60
being supplied to the pipes 120 can be adisioed in real time by means of
the control unit 600 The first pumps 11.0 are controlled by the control
unit 15600 to supply the cooling water. 60 to the pipes 120 at a set flew
rate ;at step 540-1).The cooling water 60 bJeirig. supplied to the pipes
120 flows and is heated thereinto. In the initial curing step, that is, the
temperature of the. cooling water 60 becomes within a range between about
O'c. and 20 3O-C, and the temperature of the interibr 50 of the mass
concrete 10 becomee within. a range between about 70C and 100C. so that the
interior 50 of the mass concrete 10 is cooled by the cooling. water 60 (.at
step 550-1). At the same time, the cooling water 60 being supplied to the
pipes 120 1e.: 25 heated. The heated cooling- water 60 is supplied to the
hoses 300 (at step 560 -.1). As mentioned above, the temperature of the
heated cooling. water 60 being supplied CO the hoses. 300 is determined by
the temperature of the interior 50 of the mass concrete le and the flow
rate of the cobling water 60 30 flowing alone. the pipes 120. The flow rate
of. the cool' water 50 is adjusted by means of the control unit 600 to  



maintain. the temperature of the heated cooling water 60 to be in arenge
between 40C and 70C.      The heated cooling water supplied to the hoses
300 is discharged through the plurality of holes 310 formed on the outer
peripbery of the hoses 300 (at. step S70-1). As mentioned above, the hoses
300 are located on the outer surface 20 of the mass concrete 10, so that.
the heated coolinp water being discharged through the holes 310 naturally
flows downwardly alonp the outer surface 20 of. the 10 MASS concrete 10.
Further, the curing blanket 200 is COVE:red 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
580--I) 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. Theretore, the interior 50 of the mass
concrete 10 is cooled by means of the cooling water. 60 flowing along the
10 Pipes 120, and the outer surface 20 of the mass concrete 10 is heated by
means of the heated 000j.ifl.O water being discharged through the holes 310
of the hoses 300, thereby reducing a temperature difference from the in 50
to the outer surface 20 of the mass concrete 10. 75The 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 stet, S90-1), The circulation is
kept until the temperature of the interior 50 30 of the Ma SS 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  29 disposed to connect a position where the heated cooling water
gathers and the main water reservoir 100, and the water recover'y pump may
be further provided to collect the heated cooling water to the main water
reservoir J00 through the 5 water recovery pipe 130,       Further, if the
temperature of the interior SO of the mass concrete 10 is less than a set
temperature (for example, about 50C), t is too low to heat the supplied
cooling water anymore, thereti stoppini heating the outer surface 20. 10
Therefore, if the temperature of the interior 05 550 mass concrete 10 is
less than the set temperature (at step S100-1), the operations of the first
pulups 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 S11.0-1),
H'urther, the 



15 second pumps 730 are opera Led by means of the control unit. 600 Lo
supply the heated water 61 stored in the auxiliary water reservoir 700
through the supply pipes 710 (at step S120-1). The heated water 61 is
supplied to the outer surtace 20 20 of the mass concrete 10 througn the
supply pipes 710 (at step Sj30-1). out.er 20 or. rmass concrete 10 is
heated by the heated water 61 (at step 3140-1).       Also, the auxiliary
water reservoir 700 has the heating means SOO mcpunted therein and keeps
the stored heated water 25 61 to a temperature in a range between 40cC and
7000, Therefore, the heated water Cl stored in the auxiliary water
reservoir 700 is supplied Lo the outer surface Cu 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 ourind blanket 2005 and the rest thereof gathers to the
water recovery ducts 400, Next, the heating water 61 is collected  to the
main water reservoir 100 through the water recovery pipes 130 connected to
the water recovery ducts 400. So as to collect the heated water 61 to the
main water reservoir 100, the water recovery pipe 130 is disposed to
connect a position where the heated cooling water gathers and the main
water reservoir 100, ann 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 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 is kept until tbh curing process is completed (at step
150-1) After 20 the curing process for the mass concrete 10 is completed,
finally/ the pipes 120 are filled by means of grouting to finish the
formation of the mass concrete 10, FIG.6 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
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 is completed needs about. 4 to 7 days. When compared with
the 30 graph in FIG. 1c, it io appreciated that. the curing time is more
reduced in FIG.6. When the method according to the flrst embodiment of the
present invention is carried. out, further,  the degree of increase of the
temperature of the interior 50 of the mass concrete 10 is decreased, and.
the temperature of the oute.r surface 2 (_; o I1118S COncre e lp"nor s so_
Accordingly, the temperature difference from the interior 50 to the outer
sufface 20 of the mass concrete is. rediaced. As shown in FIG,6, also, the
maximum tempeialurb difference O.T = Ty-T2 is more decreased when compared
with that in FIGS, [Configuration of an apparatus for reducing a
temperature 



10 difference in mass concrete accordinp to a second embodiment of the
present inwention and a method for redupinq a temperatgre difference in
MaBS concrete using the apparatus]      Hereinafter, an explanation ou a
configuration. of an apparatus for reducing a temperature difference in
mass 15 conrete according to a second embodiment of the present invention.
will be given. FIG.7 is a perspective view showing an apparatus tor
reducing a temperature difference in mass concrete according to a second
embodiment. at the present invention, and E1.73.8 is a. plan view showing
the apparatus 20 according to he seconm embodiment at the present invention
In the same manner as in the first embodiment oi. the present invention, as
shown in FIC;5.7 and a, the apparatus for reducing a temperature difference
in mass concrete accbirding to the second embodiment at- the present
invention 25 includes hoses 300 disposed on the upper portion of the cuter
surface 20 of the mass concrete 10, pipes 120 disposed passed through the
interior 50 of the mass concrete 10, a main water reser,Imir 100 ifl which
cooling water 63 is stored, first pumps 110, water. recovery ducts 400, a
curing blanket 2001 a. 30 heat-retaining member 210, water recovery pipes
130, an. auxiliary water reservoir 700 in which heated. water 61 is stored,
second pumps 730, supply pipes 710 adapted tm supply  32. the-heated Peter
61 therethrough, a connection pipe 740 adapted to connect the main water
reservoir 100 and the auxiliary msdn reservoir. 700, a third 01.11110 750,
and a control unit 600. 5Ur:14.1re the apparatus according to the first
embodiment. of the present invention, however, the apparatus according to
the secend eThediment of the present invention further includes a switching
vaive 720 mounted at a position where each supply pipe 710 meets a coupled
portion between. each 10 pipe 120 and each hose 30Q., Hereinafter, the
apparatus for redacind a temperature difference in mass concrete according
to the second embodiment of the present invent. ton will be explained with
respect to the differences from the apparatus according to the first
embodiment of the present invention. 15  In the initial step of the curing
process ;if the temperature of the interior 50 of the muss concrete 10 is
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 cohtroi 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 is 



discharged through 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
heatec$. cooling water is returned to the main water reservoir 100 through
the water. recovery pipes 130. The water recovery pipe 130 is disposed to
connect a. position where the heated cooling water gathers and the main
water ))5 reservoir 100, and a. water recovery PUMP (not shown) is further
provided to collect the heateh cooling water to the. main water reservoir
100 through the water recovery pipe 130.      In the intermediate step of.
the curing process (if the temperature of the interior 50 of the mass
concrete 10 is. 10 less than the set temperature), the switching valves 720
are controlled by the control unit 600 to shut off the, supply of the
cooling. water 60 to the hoses 300, and the heated. water 61 is supplied to
the hoseb 300 through the supply pipes 710, Thst is, If the temperature of
the inte):wir 50 of the mass 15 concrete 10 is less than the set
temperature, the cooling water.. 60 supplied to the pipes 120 is not heated
anymore, so that the switching valves 720 are operated icestop 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 noses 300 through the supply pipes 710..
Accordingay, she hdared water 61 being supplied to the hoses 300 is
discharged through the holes 310 to heat the outer surface 20 of the: 25
mess concrete 10 and gathdrs to thd water rdcoverv ducts 400, Next:, the
heated. water is ..12...:11:;....trneci to the :main water reservoir 100
Ugrougth the water recovery capes i30.  ate ,Eler: recovery pipe 130 M
oasoo S ed to c:onncotaoosit.ron where the heated cooffriq water gathers
and the main water 



30 resercrc,tr 100 ash r.he water recovery .pump may cefurther orovades t.o
co2Liect the heat e.d cooling water to the .mai n water reservoir 100
througt . the water recovery. pipe 130, The  34 main water reservoir 100
and the auxiliary water reservoir 700 are connected to each other by means
of the col=acion. pipe 740. The auxiliary water reservoir 700 has heating
means 500 mounted therein, and the heating means 500 heats the heated water
61 stored in the auxiliary water reservoir. 700.      FIG.9 is a. block
diagram showing the signal flows of the apparatus according to the second
emPoniment of the present. invention, As shown in FIG, 9, the temperature
of the 10 interior 50 of the mass concrete 10 sensed by the renter portion
temperature sc,:i..neK)r disposed in the interior of the mass concrete 10
is transmitted to the control unit 600, and the temperature of tbe outer
surface. 20 of the mass concrete 10 sensed by the surface portion
temperature sensor disposed. 15 on the outer surface of the mass concrete
10 is transmitted to the control unit 600, so that. the temperature
difference in real time calculated.       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 unit 600
to shut off the connected portions between the pipes 120 and the hoses 300,
25 Then, the connected pertions between the supply pipes 710 and the hoses
300 are open. Accordingly, the heated water 61 stored in the auxiliary
water reservoir 700 is supplied to the hoses 300 through the supply pipes
710. The heating means 500 is controlled hr 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 40C and 80C.       Hereinafter, an
explanation on a method for reducing a temperatuxe difference in mass
concrete during curing according to the second embodiment of the present
invention will be given. First. FIG.10 is a flow chart showing a mothmd 



3 fPr. rbducing a. temperature difference in me55 concrete according. to
the second embodiment of the present invention_ First of all, iron bars are
assembled, and a. form. is set up, 'Next, the pipes 120 are disposed inside
the temperature sensors 71 nb 72 are disposed inside the 10 tOfM- Atter
that, concrete is cast into the torn to build the mass concrete 1 ;at step
510 -2).      Each pipe 120 is connected at one side end thereof to the
main water reservoir. 100 into which N 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 320---2) As mentioned above, the hbses 300 are closed
on one ends thereof and have the plurality of holes 310 formed on the outer
periphery. thereof. 20Rs the curing process for the MaSS concrete 10
starts, the temperature di.fference from the interior. 50 to the outer
surtatb 20 ot the mass concrete 10 is generated by the occurrence of
hydration heat (at step 330-2). The temperatures of the outer surface 20
and thb interior 50 are 25 sensed by means of the temperature sensors 71
and 72 mounted at the outer surface 20 and. tnb interior 50 or the mass
concrete 10. Thus, the temperature difference between the tempetature of
the outer surface. 20 and the temperature of the interibr 50 is calculated
in real timb by means of the 30 control unit 600,      haed upon thb
calculated temperature difference, the supply. speed, that is, the flow
rate of the cooling watbr 60  36 being supplied to the pipes 120 is
determined by means of the control enit 600, As described above, the flow
rate of the cooling water 60 flowing along. the pipes 120 determines the
temperature of the heated cooling water supplied to the hoses 300.
Accordingly, based upon the temperature difference calculated in real time,
the flow rate of the cooling water 60 being supplied to the pipes 120 can
be adjusted in real time by means of the control unit 600. In the initial
step of the outing process, the switching 10 valves 720 are operated by the
control unit 600 to shut off the connected pottiens 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 supplieci to the pipes 120 becomes within a range between
about 0C and. 3000, and 20 the temperature of the interior 50 of the mass
concrete 10 becomes within a range between about 7000 and 100C, 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 is heated,. The 25 heated cooling water 60 is supplied to the hoses 300
(at step S60-21, 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 or the cooling
water 60 is adjusted by means of the control unit 600 to maintain. the  37
temperature of the heated cooling water 60 to be in a range between 40'-'C
and 70C.      The heated cooling water being supplied to :he hoses 300 is
discharged through the plurality of holes :110 formed en  5 the outer per
of the hoses 300 Ja.t step 270 -2;, As mentioned above, the noses 31.() are
:Located on the outer su rta 1:0 ot the mass concrete 10, so that the
heated cooling wrer discharged thrkm,gh the holes 310 naturally flows
downwardly along the outer surface 20 of the mass  10 concrete 10.
Fur:it:et, 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
discarged through the holes 310 is absorbed to the curing blanket 200,
thereby heating the outer surface 20 of the ifla3::: concrete 10 Lat. step
15580-2),       Aj.so, the heat -retaining Tuamber 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 flowini
along the pipesand the outer surface 20 of :he 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. 



'1'16a heated coolini-,; water being discha fgedriug holOS 310 of the hoses
300 qaehers to the water recovery C)5 400 and is returned to the main water
reservoir 100 through the water recovery pipes 130 ;at step S90-2), Also,
.50 the water recovery pipe 130 is disposed to connect a position where the
heated cooling water gathers and the main water reservoir 160, 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 circulation is kept. until the temperature of the interior SO of the
mass concrete 10 is less than the set temperature.      In the intermediale
step of the our procees, further, if the temperature of the interior. E.G
of the mass concrete 10 is less than the set temperature (for example,
about. 50Cl, it is too low to heat the supplied cooling water anymore,
thereby stopping heating the outer surface 20. Therefore, if 10 the
temperature. of the interior of the mass concrete 10 is less than the set
temperature (at step 3100-2), 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 3110-2), Further, the second IS pumps
730 and the switching valves 720 are operated by means of the control on it
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 3120-2), The heated. water 61 is supplied to the hoses 300 through 



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, thereby heating the outer surface 20 of
the mass concrete. 10 (at step 6140-2). Also, the auxiliary water reservoir
700 has the heating means 300 mounted therein and keeps the stored heated
water 30 61 to a temperature in a range between 40'C and 70C. Therefore,
the heated water 61 stored in the auxiliary water reservoir 700 is supplied
to the hoses 300 through the supply.  39 pipes 716 and is discharged
through the holes 310, therebyheeting the cuter surface 26 of the mass
concrete 10, The heating water 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 to the
main. water reservoir 100 through the water recovery pipes 13.0 connected
to the water recovery ducts 400. The water recuvery 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 he 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 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. means of the heating
means 560 mounted inside the auxiliary water reserbir 700 is supplied to
the outer surface 20 of the mass concrete 10 20 througk. the supply pipes
710, The circwiation starts at the time when the temperature at .::he
intentor 50 of tee concrete 10 is less than the set temperature and is kept
until the cwring process is completed (at step 150-2). After curin.g
process for the mass concrete 10 is coemieted, 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 illustratiee embodiments, it is 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 delparti.nq from the scope and spirit of the present invention,  40
[CL AIMS] 



[claim 1]      Tin apparatus for reducing a temperature difference
generat.d in mass concrete made hy assembling iron bars, 5 setting ap a
form and pouring concrete into the form, during a coxing process of the
mass concrete, the apparatus comprising:      a main water reservoir
adapted to store cooling water thereinto; 10pipes disposed inside the form
in such a manner as to be          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, thronpth which the heated cooling water is
discharged; 25an 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 if
the temperature of the interior of the mass 30 concrete is leas than a set
temperature; and 



a control unit operated to supply the cooling water from the wain water
reservoir to the pipes if the temperature of  41 the interior of the mass
concrete is more tnan. a set temperature and to supply the heated water
from the auziliary water. reservoir to the supply pipes if .The temperature
of the inferior                 of the mass concrete is less than the set
temperature, (Claim 2]        The apparatus as defined in claim 1,
.tiirttcv.s.r comprising switching valves mounted at positions where the
output ends of the supply pipes are dispose& between the pipes and the 10
hoses to shut off the supply of the cool in wa.te..n2, while supplying the
heated water tb the hoses through the supply pipes, if the temperature of
the interior. of the mass. concrete is less than the set. temperature-
[Claim 3] 15The apparatus as defined in claim. 2, further cbmprieing: 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, wet:20 recovery ducts di.sposed 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 comprisinc" 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 floated cooling water or the
heated water te the main water reservPir, ane 30alternatively, further
comprisinqi water. recovery- pipes adapted to connect a position where the
heated water or the heated cooling water gathers to the main water
reservoir; and  42 water recovery pumps provided to collect the heated
water or the heated cooling water to the main water reservoir througu. the
water recovery --A ne [Claim 4] The apparatus as defined in cialm 3,
further comprising:      first pumps disposed between the main water
reservoir and Lbe pipes to supply the cooling water to the pipes; and.
second pumps disposed between the auxiliary water reservoir and the supply
pipes to supply the heated water to 10 the supply pipes. 



[Claim 5]      The apparatus as defined in claim 4, further comprising C
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 th'-rm-ch the holes, thereby alloying the absorbed heated
cooling water or the absorbed heated water to be contacted with the outer
surface of the mass concrete [Clatm 61 20The apparatne as defined in
claimfurther comprisinq. a heat-retaining member covered on the curing
blanket to keep  the hear of the heated cooling water the heated water
absorbed to the curing blanket. [Claim 7] 25The apparatus as defined in
claim6, wherein the heat- retaining maaber is formed of vinyl canvas or
bubble sheets, [Claim a]         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]  43 



The apparatus as defined in claim S. further c:omrris:nc: a surface
pDrtion, telaperature sensor disposed on the outer surface oft, e mass
concrete to measure that temperature Ott the CUIJEE'r surtace and a center
portion temperature aensor 5. disposed in the interior of the mass concrete
to moasoxe the temperature of the intekior of the mass opncret:e, wherein
the control unit is connected to the heating means to supply power to the
heating means and operates the switching valves if the temperature of the
interior of the MSOS concrete 10 obtained from. the center portion
temperature sensor is less tban. the set temperature, SO that the supply of
the hcy.at.ed cooling water from the pipes to the hoses stops and the
heated water from the supply pipes to the hbses is supT:Ued. lel 15The
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 cooling water stored in the main water reservoir to tne
auxiliary water reservoir, 20[claim Lii       The apparatus as defined in
claim 9, wherein the control. unit. controls the first pumps to artiest the
flow rate of the cooling water being supplied to the pipes and the second
pumps to adlust the flow rate 01: the heated water being 25 supplied to the
hoses, Lucaipt i21      The apparatus as defined in. claim 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 ay_e opeoceted to supply the cooling water to
the pipes,  44 



[claim 13]      A method for reducing a temperature difference generated in
mass concrete, the method camprising 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 he passed throuih the mass concrete built
by casting concrete in the form.;      disposing at least one or more
hoses, each having a oluraLty of holes formed on. the outer periphery
thereof, on 10 the outer surface of the mass concrete, connecting the other
side ends of the pipes to the hoses and one side ends of the pipes to a
main water reservoir :into which the cooling water is stored; and disposing
an auziiiary 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; 20supplying 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 2.5 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 01: the water recovery ducts  45 and water recovery
pumps meunted on the water recovery pipes; and      if the temperature of
the interior of the TraSS concrete is less than a set temperbture, stoppini
the operations of the first pumps by a control unit to shut off the supply
of the cooling water supplied to the pipes, opbrating 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 10supply. pipes. 1A-1      The method as defined in
claim 13, wherein the step of disposing the supply pipes further cormorises
the step of disposing switching. valves between the pipes and the hoses in
15 such a manner as to be connected 10 Lhe supply- pipes, and the step of
supplying. the heated water to the outer surface of the mass concrete
further comprises the steps of operatinp the switching valves by the
control unit to shut off the supply of the cooling water supplied. to the
pipes and 20 supplying the heated water to the hoses thyongh the supply
pipes It the te.ciiperature of the ihterior of the tease- is less than the
set temperature. The method as defined in claim. 13, wherein the step of 25
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
pluxality of holes of the hoses thereto, in the step of collecting the
heated cooling 



30 water, tCiaim  46      The method as defined in claim 15, wherein after
the step of disposing the curing blanket, a heat-retaining member is
covered on the curing. blanket, [Claim 171      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 181      The method as defined in. claim
17, wherein the flow rate of the water being supplied to the pipes and. the
flow rate of the heated water beine supplied to the supply pipes are
adiusted by the control unit, [claim 191 15The method as defined in claim
la, wherein the temperature difference from the interior to the outer
surface of. the Mass concrete is calculated by the contrel 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 ma .S 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, 95[Claim 201 



The method a5 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 reservoix and the auxiliary water
reservoir to 30 supply the cooling water stored in the main water reservoir
to the auxiliary water reservoir. [Claim 211  47       The method as
defined in claim 20, wherein after       during process of the mass
concrete is completed, the pipes are filled by means of grouting. [Claim
221 The c:Ia3:1., conc:t*Le cared. Oy theac:ned in claim 13, 




