[DESCRIPTION] [Invention Title] METHOD FOR OPTIMIZING STRENGTH DEVELOPMENT OF
ULTRA-HIGH STRENGTH CONCRETE 5[Technicri\I Field] The present invention relates to
methods for optimizing strength development of ultra-high strength concrete, and more particularly, to
methods for optimizing strepngth development of ultra-high strength concrete that are capable 10 of
optimizing t Fé?fb?%ﬁ%vglopment of the ultra-high strength concrete in the same mixture design
with the sa gn@gi@ignﬁt?lag?gf each other. [Background Art] With the popularity of super high-rise
buildings, 1 recenI%Iy, much'interest in ultra-high strength concrete has been increased.Through the

application of thesulttrashighcstrengtiveancrete, thezsections of elements ke eolumnsbeamsrand so on
can be reduced to decrease the frame costs, and furthermore, a substantially large internal space is
20 ensured t6-pt6vidle effitiént'Space utilization.  The ultra-high strength concrete means hardened
concrete frgm which the dgvglggﬂnent of the compressive strength of more than 120MPa is obtained.

. ol L . o .
The ultra-high strength concrete is made by adopting cement, silica fume, 25 blast furnace slag fine
powder, fly ash, anchgypswpasthinders-anc-mixirg the-materials with @low-watesbinder irago.
Recently, the mixture design of extremely high strength concrete with the compressive strength of

200MPa ha5 BeeR Propddd 866 te difter Hand 2siHcd the BitrRigh str&mtR cohRrete®iss a low

water-bindgs, fatio, the-mixing materials are notdmixed wellsand thusthe.concrete does pot gbtain 2
the compressive strength development as designed.Even though the mixing is conducted to have a
given desigR&@§ SRR it9S hardttoamixithe nikingaateriaien Whidke that are capable

10 of optimizing the strength development of the ultra-high
strength concrete in the same mixture design with the same
mixing materials as each other.

[Rackground Art]

With the popularity of super high-rise buildings,

15  recently, much interest in ultra-high strength concrete has
been increased. Through the application of the ultra-high
strength concrete, the sections of elements like columns,
beams and so on can bhe reduced to decrease the frame cosis,
and furthermore, a substantially large internal space is

20  ensured to provide efficient space utilization.

The ultra-high strength concrete means  hardened
concrete from which the development of the compressive
strength of more than 120MPa is obtained. The ultra-high
strength concrete is made by adopting cement, silica fume,

25 blast furnace slag fine powder, fly ash, and gypsum as
binders and mixing the materials with a low water-binder
ratio. Recently, the mixture design of extremely high
strength concrete with the compressive strength of 200MPa has
been proposed.

30 On the other hand, since the ultra-high strength
concrete has a low water-binder ratico, the mixing materials

are not mixed well, and thus, the concrete does not obtailn



~

causes the development of the strength lower than the given 5 designed strength thereof. In the same
manner, also, the 200MPa ultra-high strength conctete with an extremely low water-binder ratio has
the development of the strength lower than the given designed strength thereof. [Disclosure]
10[Techni%?! Problem Accordin Ilyé the present invention Eas beenqmade in view of the
above-meritioned” 8% Tems oc urrsng RGL prior%‘ftef and s & ob?gct 0 ?ﬁé%%%%m invénitigh to
provide metheds#or eptimizing stkengtlh develepmeriof wlira-highl5 strepgth-eonekete thajare
capable of improving the problems in the strength development of the ultra-high strength concrete with
a low Wate?-tblfﬁd‘é?tr%tio in 'conventioiaf praQicés! thereby optiniiit tHe Srérgth YevelGaint of the
ultra-high strength cenerete-indhe same mixture design with;20 the,same mixing materials as each
other. [Technical Solution] To accomplish the above object, according to a first aspect of the
preset inG&rftioh fieresissrovided alirethod for optimiziiy strength devalpment.sicultrathigh
strength 25 geperete with mixture, design.inwhich jxing materjals Including water, cement, silica
fume, blast furnace slag, gypsum, sand, and gravels are mixed with compressive strength of 120MPa
or more anchd dow waterbindet fatioraf 20%: andiiess]. thenmethodfcharactetizechimtthat: tiiesmixture
design of C’%(%}%hrcla I%Igg-hi%h éstreggtsh. c%necretsegg ggng ctggewith slump flow of 85050mm. 3 To
accomplishthe above 9 j‘écﬁ acco%&:fng ?o a seco aspectrc?ﬁ e present invention, there is provided
a method fqrroptimiziag.stiength development of ultra-high strength concrete with mixture design in
which mixing materials 5 including water, cement, silica fume, blast furnace slag, gypsum, sand, and
gravéls are Imixed wiithedornpressive]strength of 1220MPa or more and a low water-binder ratio of 20%
and less, the method characterized in that the mixture design of the ultra-high strength concrete is
conducted with &H4iP 16 content beliedit €098 and™ 69 L o Th 3t chfplisH i itabove’dbéct,
according {o-a thitd agpectofthenresent invention,thers is proyided amethod faroptimizing strength
development of ultra-high strength concrete with mixture design in which mixing materials 15 including
water, cenférl, silica fufne2blastiitit@te slag, GPFsuRE sandtandyravdls are mixedwithi Edpressive
strength o or. reggg. 0 ter-hi tio % less, met %* aracterized in
that dry-m%l(%r?mtg(j%l '\cé)!fgt%e gf?a?/els nﬁﬁe%\éi}ﬁlga fﬁ%%%g%%%du%%é%%%?%%%%io é%ioﬁésle % icrk?ﬁ‘grrglmixing
procéss ofstheantra-highcstrergtle coheretey and maixiriglef the other mixinggmatedalstdisicbadacted.

To accomplish the above object, according to a fourth aspect of the_present inyention, there is
provided alrrﬁeth%%efor %g w%lillz?qﬁél strce?ﬁg‘]ft%%j&/r%%lptmer??%f utft{?éa-higlhlgt%gﬁgk}ﬁ% cosn%‘?gt%%ﬁh mixture
design in whigh mixing materials:incluging watesrcement silicafume, blast furnaee slage gypsum,
sand, and gravels are mixed with compressive strength of 120MPa or more and a low water-binder

ratio of 2095 &id l6SS S the Ml cathdietized th tHat finaFPiENG of HESIC WA Ss €onétiéted for

150 to 200,secends in thesmixiRg Process of the.ultra-high strength.concrete. apdafier Genducting a
stationing operation where the mixing operation
the same mixing materials as each other.

[Technical Sclution]

To accomplish the above object, according to a first
aspect of the present invention, there is provided a method
for cptimizing strength develeopment of ultra-high strength

25 concrete with mixture design in which mixing materials
including water, cement, silica fume, blast furnace slag,
gypsum, sand, and gravels are mixed with compressive strength
of 120MPa or more and a low water-binder ratic of 20% and
less, the method characterized in that the mixture design of

30 the ultra-high strength concrete is conducted with a slump

flow of &850£50mum.



4 stops for 200 to 400 seconds, mixing is conducted for 150 to 200 seconds. To accomplish the

above object, according to a fifth aspect of the present invention, there is provided a method 5 for

optimizing strength development of ultra-high strength concrete with mixture design in which mixing

materials including water, ce en%sili a fume, blast furnace slag, um, sand, and gravels are
Bt i o

mixed with comprassive StTength of 120MPH 6 more and 4 fow \Water birider ratiodf 206641 10 less,

the method gharactesized ir: that sel-compacting castingrefihe ulira-high streagth conerete is
conducted. To accomplish the above object, according to a sixth aspect of the present invention,

there is préGided®® methdd 6t oplifiZing StréHiytit HevBRPMetiof UtratRigh StRngth 4% E6Htrete with

mixture designipwhich mixing materialsincluding,water, cement,silicg fume, blagt furnace slag,
gypsum, sand, and gravels are mixed with compressive strength of 120MPa or more and a low
water-binder Fatitr’ 6120 afié Tess, IRBSASthoFéHarasterfzaekin tHat wet-curingris @0 conddeted for 14

to 28 days after the casting otthe uirabigh.strength sncrete. and air dry-curiog is then onducted.
[Advantag%%%s Efféct% ! Accord%’ng to t?]e present%nvent%g%,%here%e pro&ged the r%e hods for
optimizingsstrengthitisvelopment-ef uitrathigh 25strergthconcrete haviag tle fofloviiA§ adwantages.

First, the sfrength development of the uli-high strength concrets, can be pplimized.in the same
mixture design With the samie mixing materials as each ot er,tthrough alppr préi:”at MetHods, that is, the

mixing methogd, theweghg 30 orger of thenmixngdanatesials sthe - casting-methed -and4he euring
method, which are simple and advantageously applicable to the construction site. 5 Second, the

stre é)[h dEGAGEMENP S iReSdlra-tigh efténgth®oncrete can be optimized so that if an ultra-high

strength concretq«guilgglgow§gucg@@wig%g\eeult%@@@@tregg@&g@g{@e accordingte the present
invention, a high 5 degree of stability of the building can be expected through the optimization of the

strength dévélgprhentithéfedf. JDesemdtion st Braniiys] the 1BGLE istar grabheshoiriethecd
compressiyg strength properties.qf ultrashigh strength concrete n ‘%Pfgfs%a—’l%%g\‘%{“hs]@%}{%ﬂow?
FIG.2 is a graph showing the ’compressive strength properties of the ultra-high' strength concrete in
accordanceawitirair eontehts, [BeskMode fodkwéption]in  which mixing materials
15 including water, cement, silica fume, blast furnace slag,
gypsum, sand, and gravels are mixed with compressive strength
of 120MPa or more and a low water-binder ratio of 20% and
less, the method c¢haracterized in that dryv-mixing of the
gravels and the silica fume 1s ccnducted for 20 toe 40 seconds
20 in the mixing process of the ultra-high strength concrete,
and mixing of the other mixing materials is conducted.

To acceomplish the above object, according to a fourth
aspect of the present invention, there i1s provided a method
for optimizing strength development of ultra-high strength

25 concrete with mixture design in which mixing materials
including water, cement, silica fume, blast furnace slag,
gypsum, sand, and gravels are mixed with compressive strength
of 120MPa or more and a low water-binder ratio of 20% and
less, the method characterized in that final mixing of the

30 water is conducted for 150 to 200 seconds in the mixing
process of the ultra-high strength concrete, and after

conducting a stationing operation where the mixing operation



15The preseht invention proposes six methods for optimizing strength development of ultra-high
strength concrete with mixture design in which mixigg materials including water, cement, silica fume,
blast furnace slag, gypsum, sand, and gravels are mixed with compressive strength 20 of 120MPa or

more and a low water-binder ratio 0% and .Less., . In the following embodiment, jt was checked
that the ComSHESe SraNGhe bf Sl uAHGH Srerlith Gohcrele SECEITET) thEah b ote were

improved. Through-thesix 25 methods, therefore, it is understood that the strength development of the
ultra-high strength concrete can be optimized, and further, if the six methods are applied at the same

time, the strengt BeVAfopERt tRere&fEan BN i6re Hoigaded. BSHEEANY the'six retiddd &re
advantagegusly 30 applicalle in-eass,of extramely bigh strength gancrets.of fere than.200MPa. (1)

Previous dry-mixing 6 Before mixing materials are mixed in a concrete mixer, gravels and silica
fume &re fitStpuPaiTd BiyZiideed I6E20605- 40 SEcontePaR the bfher ixiagmaterials afs eien mixed to
the mixed maerjals..Thig allgws fhe silica fume Jode S penlyglsiriouted.and. cogled on the surfaces
of the gravels to increase the pozzolanic reaction of a transition zone (the Boflgndary surface between
cement andrgravels)dheretneimprowving:the, attachment capability bétveeen flve- gravels ehekthe cement
paste. Through the drg-mi ingareéults for ﬁo 10 seconds according to the emhodiment of th@hpresent
invention, it was found tha 'thertl:on?prr%gsﬁvg sﬁgﬁgfﬁlé?et evﬂﬁitaqh%%mﬁfeensg?ﬁ%bn(?r%fée\r}v%s
increased.q2) Statimping ¥hensvaterisdinally mixedrafter-theothermixing: 15 materals have been
dry-mixed in the concrete mixer, the mixing operation is conducted for 150 to 200 seconds, and next, a

statidning 0p&ation Where THe miXing Gpération Stopfor 266 to 466 Secdiffstis CoMBaEERY" Kfter that,
the mixing.operation is.conducted:again fer,150-10.200 seconds-and the 20 mixed faterials are

discharged from the concrete mixer. This allows the initial hydration reaction to be accelerated and

improves the corﬁﬁacﬁﬁg?@afﬁééiﬁ@ ofé@c@@.vﬁwrél@ﬁméstaﬁ@ﬁ%@maﬂbﬁ aecording fo the
embodiment of the present inventian, it wag found; that thehcgr{ggrg%f%e?%t&%% 25 of the,ultya-high

strength concrete was increased. (3) Slump flow control low of the ultra-high strength
concrete has:a ctoseirefationavith the strengthletratasnthe highér the siump flghy iss theehighler the

com[f?ctind%gnr%%%r%of t{;et 0 uItra—Qigh streggth.concrete is %giv%pltageousl : Accordinﬁgly,lthe slump
mm-is prow& 0

flow of 85 ed'in fhe embodinient of the 6%sen invention: it %slﬁlr%ﬁef W isTess than

7 including water, cement, silica fume, blast furnace slag,
gypsum, sand, and gravels are mixed with compressive strength
of 120MPa or more and a low water-binder ratio of 20% and
less, the method characterized in that wet-curing 1is

20 conducted for 14 to 28 days after the casting of the ultra-

high strength concrete and air dry-curing is then conducted.
[Advantageous Effect]

Acceording to the present invention, there are provided

the methceds for optimizing strength development of ultra-high
25 strength concrete having the following advantages.

First, the strength development of the ultra-high
strength concrete can be optimized in the same mixture design
with the same mixing materials as each other, tThrough
appropriate methods, that is, the mixing methcod, the adding

30 order of the mixing materials, the casting method, and the
curing method, which are simple and advantageously applicable

to the construction site.



85050mm, the compacting property is deteriorated to cause the compressive strength to be lowered,

and contrarily, if it is over 85050mm, the separation_of the mixed materials may occur. After checking
the relation between the slump flow 5 and the strength in the mixing process of the ultra-high strength
concrete with a compressive strength of 200MPa in the embodiment of the present inventjon, it was

found that the highéststrength GevelopriBRt Sccunad it e slump flow BF85050mm. Orfthe other

hand, the slumgnfiow iscH: eertrellablenby-means ohappropriate adiustmentof amaunts af various
chemical agents (water reducing agent, flowing agent and so on) added, which give no influence on
the mixturé HESIYA OF tREConErete. T4) At Chntdrit ComtroF I5TFHe dirtohteritis contrélfsd2.8% and

less. The air contentisdpyersely.praportienal o the sreagth, so;that the, smallerthe air gonient is, the
higher the strength of the ultra-high strength concrete is advantageously. After checking thé relation

betwezn tiegiFreonteht atd el 20 strerdgthiire theurhikihgprocéss ofthe biltechigh strengtiuéoncrete
with a con‘;&;;gs%}ljeE §H§Q%tpio&gog%/ll?c%'ﬁn g‘@r%’ﬁ %in?é%n\? % Ehefn %gﬂege%iélven ion, it was found that
edint

the development of compressive strength was optimiz & Air content of 2.0% and less. On the

other hand, [the air-cortent2ois comtrpllable]by means of appropriate adjustment of amounts of
various chemical agents (foaming agent, antifoaming agent and so on) added, which give no influence
on the mixture désign bf theScorieretd” {5) SelRE6mipacting-Eesting I theshiidity ¢fidericedte is good,

self-compagting.qasting is gondusted.Jnase where vibration compacting s periarmed by Lising a

vibrator, material segregation or air 8 content increment occurs to cause the strength reduction. It was
in thé @mbedimentdfahe present invention found that the strength development in the self-compacting

casting is better that in the vibration §omgﬁ\ctln cast;C1 ) Esgg%agy,SSSlf.the slurpgglow f

85050mm is provided, gooldsflui&lty i$ made td’ affow tive se %ompacﬁ)née caétVneg to’be cgﬁdcucted. (6)

Wet curing ro@dtet Castings thenultrainigh strepgth=conerete is weheuredfor 14 :28 days @nd then
air-dried. If the water 10 inside the ultra-high strength concrete is dried due to the low water-binder
ratio, an afibtit 8f Wafe? WeRBES for hydration reaction may be insufficient. Therefore, there is a need

for preventing the water.inside the concrete from being evaporated at the time when the hydration
reaction 15 occurs actively, and in the embodiment of the present invention, the ultra-high strength

conctéte is wet-clired fop reto28-days aftencasting. Iktheawetauringsis:keptiengerdban thie proposed
period of the present Invention, howgver. fae syength may be dectgased, and accordingly. e
concrete with mixture design in which mixing wmaterials
including water, cement, silica fume, blast furnace slag,
gypsunm, sand, and gravels are mixed with compressive strength
20 of 120MPa or mecre and a low water-binder ratio of 20% and
less.

In the following embodiment, 1t was checked that the
compressive strengths of the ultra-high strength concrete
according to the six methods were improved. Through the six

25 wmethods, therefore, it is understood that the strength
development of the ultra-high strength concrete can be
cptimized, and further, if the six methods are applied at the
same time, The strength development therecf can be more
increased. Especially, the six methods are advantageously

30 applicable in case of extremely high strength concrete of

more than 200MPa.

(1) Previous dry-mixing



20 wet curing for 14 to 28 days is most preferable. [Mode for Invention]  Hereinafter, the strength
properties of the ultra-high strength concrete accor(ging to the methods of the present invention will be
explained. In this case, however, the 25 embodiment as will be described below just explains the
present invention, and the scope of the invention is not defined thereby.  [Embodiment] Strength

properties of ultrg-e?ﬁé)ﬁ Stréhgth L8ndtetetaccording 16 the iR odS ofth& VehfioR 351 *Experiment

method Theinfluencesanathecompressivestiength: by experimentak variablg were cheeked with the
same mixingﬁratio 9 of 200MPa ultra-high strength concrete in the following Table 1. The experiments
were perfotmeddh thé State Wherd theOtRBE caHditioNis ExXcept the'respéttiveléxpetiniétialiariables

were the same ag;8ach other.3 Table 1 Ulira-high strepgth congrete mixing WiB,3/a Upit 1.
Weight(kg/m3) W OPC Silica
5 evenly distributed and coated on the surfaces cof the gravels
to increase the pozzolanic reaction of a transition zone (the
boundary surface between cement and gravels), thereby
improving the attachment capability between the gravels and
the cement paste. Through the dry-mixing results for 30
10  seconds according to the embodiment of the present invention,
it was found that the compressive strength of the ultra-high
strength concrete was increased.
(2 Stationing
When water is finally mixed after the other mixing
15 materials have been dry-mixed in the concrete mixer, the
mixing operaticn i1s conducted for 150 to 200 seconds, and
next, a stationing operation where the mixing operation stops
for 200 teo 400 seconds 1s conducted. After that, the mixing
operation is conducted again for 150 to 200 seconds, and the
20 mixed materials are discharged from the concrete mixer. This
allows the initial hydration reaction to be accelerated and
improves the compacting capability of concrete. Through the
staticning operation according to the empbodiment of the
present invention, it was found that the compressive strength
25 of the ultra-high strength concrete was increased.
{3} Slumg flow control
The siump flow of the ultra-high strength concrete has a
close relation with the strength. That is, the higher the
slump flow is, the higher the compacting property of the
30 wultra-high strength concrete is advantageously. Accordingly,
the slump flow of 850+50mm is preovided in the emboediment of

the present invention. If the slump flow ig less than



Fume Blast Furnace Slag Gypsum Sand Gravel 12.5% 35% 150 660 240 240 60 392 736 102.
Experiment result (1) Strength properties of ultr?-high strength concrete in accordance with mixing
condition The strength properties of ultra-high strength concrete in accordance with mixing
condition were abtained as listed 15 in Table 2. As listed, it was found that the compressive strength of

the ultra-higRUstrefigin cdricreté WARAMprovedif e graveld Snd theSiica i wers first Hif-mixed.

Table 2 the compressive strength to be lowered, and contrarily, if it
is over B850+50mm, the separation of the mixed materials may
cccur. After checking the relation between the slump flow

5 and the strength in the mixing process of the ultra-high
strength concrete with a compressive strength of 200MPa in
the embediment of the present invention, 1t was found that
the highest strength development occurred with the slump flow
of £50%£50mm. On  the other hand, the slump flow 1is

[0 controllable by means of appropriate adjustment of amounts of
varlous chemical agents (water reducing agent, flowing agent
and so on} added, which give no influence on the mixture
design of the concrete.

{4) Air content control

15 The air content is controlled 2.0% and less. The air
content is inversely proporticnal to the strength, so that
the smaller the air content is, the higher the strength of
the ultra-high strength concrete 1is advantageously. After
checking the relatlion between the air content and the

20 strength in the mixing process of the ultra-high strength
concrete with a compressive strength of 200MPa 1in the
embodiment of the present inventicn, 1t was found that the
development of compressive strength was optimized in the ailr
content of 2.0% and less. On the cther hand, the alr content

25 is controllable by means of appropriate adjustment of amounts
of various chemical agents (foaming agent, antifoaming agent
and so on) added, which give no Influence on the mixture
design of the concrete.

{5) Self-compacting casting

30 If the fluidity of concrete 1is good, self-compacting

casting 1is conducted. In case where vibration compacting is

performed by using a vibrator, material segregation or air



20 Strength préperties of ultra-high strength concrete in accordance with mixing condition Division
Compressive strength(MPa) 7 days of age 28 days,of age 91 days of age General dry-mixing 150.4
184.5 198.7 First dry-mixing of gravels and silica fume for 30 seconds 155.8 194.4 207.1 10

content increment occurs to cause the strength reduction. It
was in the embodiment of the present invention found that the
strength development in the self-compacting casting is better
than that in the vibration compacting casting. Especially,
5 if the slump flow of 850+50mm is provided, good fluidity is
made to allow the self-compacting casting to be conducted.
(6) Wet curing
After casting, the ultra-high strength concrete 1s wet-
cured for 14 to 28 days and then air-dried. If the water
10 inside the ultra-high strength concrete is dried due to the
low water-binder ratio, an amount of water needed for
hydration reaction may be insufficient. Therefore, there 1is
a need for preventing the water inside the concrete from
being evaporated at the time when the hydration reaction
15 occurs actively, and 1in the embodiment of the present
invention, the ultra-high strength concrete is wet-cured for
14 to 28 days after casting. If the wet curing 1is kept
longer than the propesed pericd of the present invention,
however, the strength may be decreased, and accordingly, the

20 wet curing for 14 to 28 days is most preferable.
[Mode for Invention]

Hereinafter, the strength properties of the ultra-high
strength concrete according to the methods of the present
inventicn will be explained. In this case, however, the

25 embodiment as will be described below just explains the
present Iinvention, and the scope of the invention is not
defined thereby.

[ Embodiment] Strength preperties of ultra~high strength
concrete according to the methods of the invention

30 1. Experiment method
The influences on the compressive strength by

experimental variable were checked with the same mixing ratio



The strength properties of ultra-high strength concrete in accordance with the existence of the
stationing operation in the mixing of water were obtained as listed in Table 3. As listed, it was found
that the compressive strength of the ultra- high strength concrete was improved if the stationing
operation was %Snducted Table 3 _ Strength properties of ultra-hi h strength concrete in 10

accordanc® with tha éxistenté of sttioning ?} orwc%?r?pe?‘égsw}é’s Bfgth(viPaY 7 day$ bf Sge 28

days of age 91 days of-age:Norstationing:144. 1,1 ¢G:8:221:6 Mixingrfer 180-seconds and after
stationing for 300 seconds, mixing for 180 seconds 147.3
other conditions except the respective experimental wvariables

were the same as each other.

5
Table 1
Ultra~high strength concrete mixing
W/B | S/a Unit Weight (kg/m’)
W OPC [Silica Blast Gypsum} Sand | Gravel
Fume Furnace
Slag

12.5%1 35% | 150 660 240 240 60 392 738

10 2. Experiment result

(1)

Strength properties of ultra-high strength concrete

in accordance with mixing condition
The strength properties of ultra-high strength concrete
in accordance with mixing condition were obtained as listed
15 in Table 2. As

listed, it was found that the compressive

strength of the ultra-high strength concrete was improved if

the gravels and the silica fume were first dry-mixed.

Table 2

20  Strength properties of ultra-high strength concrete in
accordance with mixing condition

25

Division Compressive strength (MPa)
7 days of 28 days of 91 days of
age age age
General dry-mixing 150.4 184.5 198.7
First dry-mixing of 155.8 1%4.4 207.1
gravels and silica
fume for 30 seconds

(2)

in accordance with the existence of stationing

Strength properties of ultra-high strength concrete




17491971 (3) Strength properties of ultra-high strength concrete in accordance with slump flow
15The estimation results of the ultra-high strength anrete in accordance with the variations of the
slump flows were shown in FIG.1. As shown, it was found that the compressive strength of more than

200MPa was obt%ri?ned at the slump ﬂows bgtween 800nltm and 900mm and the compressive 20
strengths of less than 0619 4t e SERTpfiSiWs SFiesk thar Efbb%n.s’tre@ﬁ%ireﬁgﬂwcﬁ%%@erties of

ultra-high strength ceacrete inacoordanceawith aik content The estimation rasults af the ultea-high
strength 25 concrete in accordance with the variations of the air content were shown in FIG.1. As
shown, it was foliRd fhat #i& cShprédsivs stiémGth Wastdrasticafty dedréaged ¢ thedair-Eontent
exceeded 2%. 1 ; < ¢ &), Stranafh, properties ofulra-high strength congrete. inaccordance with casting
method The strength properties of the ultra-high strength concrete in accordance with the casting
methad werkohtained s astlisted imTable ar Asdistedsit was fotmsdithat thelcompradsivensmeangth of
th.e uItra—hi es);%gp% co) %regeowgg cg@%rg_improved at the self-compacting cagting when compared .
with the vibration compacting casting. 10Table 4 Strength properties of ultra-high strength concrete in
accordance with casting method Division Compressive strength(MPa) 7days of age 28days of age
91days of age Table 3

Strength properties of ultra-high strength concrete in
10  accordance with the existence of stationing

Division Compressive strength (MPa)
7 days of 28 days of 91 days of
age age age
No stationing 144.1 170.3 191.6
Mixing for 180 147.3 174.9 197.1

seconds and after

stationing for 300

seconds, mixing for
180 seconds

(3) Strength properties of ultra-high strength concrete
in accordance with slump flow
15 The estimation results of the ultra-high strength
concrete in accordance with the variations of the siump flows
were shown in FIG.1. Ag  shown, 1t was found that the
compressive strength of more than 200MPa was obtalined at the
slump flows between 800mm and 900mm and the compressive
20 strengths of less than 200MPa at the slump flows of less than
8CC0mm.
(4} Strength properties of ultra-high strength concrete
in accordance with air content
The estimation results o©of the ultra-high strength
25 concrete in accordance with the variations of the air content
were shown 1n FIG.1. Ag  shown, it was found that the
compressive strength was drastically decreased as the air

content exceeded 2%.



Vibration compacting 150.8 178.0 192.5 Self- compa{cting 153.2 187.2 201.7 15 (6) Strength
properties of ultra-high strength concrete in accordapce with curing method The strength
properties of the ultra-high strength concrete in accordance with the curing method were obtained 20

as listed in Table % As listed, |t as found that the c ]é) I}rﬁresswe strength of the ultra-high strength
concrete was rem t)kaélyjﬁl%rb%v dRERER the Wate? g Was coRducied $5914 d&y ¥ SFAbIE 5
Strength preperties ofidltrachigh strepgthreengcreterinaccordance with curing method Water curing

period Compressive strength(MPa) of 91 days of age Air dried 179.6
The strength preoperties of the wultra-high strength
concrete in accordance with the casting method were obtained
5 as listed in Table 4. As listed, 1t was found that the
compressive strength of the ultra-high strength concrete was

more improved at the self-compacting casting when compared

with the vibraticon compacting casting.

10 Table 4

Strength preperties of ultra-high strength concrete in
accordance with casting method

Division Compressive strength (MPa)
Tdays of 28days of [9ldays of
age age age
Vibration (150.8 178.0 192.5%
compacting
Self- 153.2 187.2 201.7
compacting

15
{6) Strength properties of ultra-high strength concrete
in accordance with curing method
The strength properties of the wultra-high strength
concrete 1in accordance with the curing method were obtained
20 as listed in Table 5. As listed, it was found that the
compressive strength of the ultra-high strength concrete was
remarkapbly improved when the water curing was conducted for

14 days.

25 Takble 5

Strength properties of ultra-high strength concrete in
accordance with curing method

Water curing period Compressive strength (MPa)
of 91 days of age
Air dried 179.¢6




12 Water curing for 3 days 191.4 Water curing for 7 days 202.5 Water curing for 14 days 212.0 Water
curing

12
Water curing for 3 days 191.4
Water curing for 7 days 202.5
Water curing for 14 days 212.0
Water curing for 28 days 211.9
Water curing for 91 days 189.2




for 28 days 211.9 Water curing for 91 days 189.2 13 [CLAIMS] [Claim 1] A method for optimizing
strength development of ultrahigh strength concretg, with mixture design in which mixing 5 materials
including water, cement, silica fume, blast furnace slag, gypsum, sand, and gravels are mixed with
compressive stren tEIdOf 120MPa or more and a low water-binder ratio of 20% and less, the method
characterizf@%ﬁ‘%%t ry-mixing cf the gravels and the silica fume is first conducted for 20 to 10 40
seconds antdcthgi%h 5mixing materials are put and mixed. [Claim 2] A method for optimizing
strength devélopment of ultrahigh strength concrete with mixture design in which mixing materials

including water, gerpent: Siicacfumes blast furnage 15 slagreypsusnssanshand gravelsiareqmixed with
compressive strength of 120MPa or more and a low water-binder ratio of 20% and less, the method

characteriZedih tRateAvateris Finafy putand® mikéd For F5016 2o8 seéondél 4Rd aftertd Sationing
operation whers-the mixing. oparation,steps-for 200.20 to 400 seconds,is copdyctedethe,mixing

operation is conducted for 150 to 200 seconds. [Claim 3] A method for optimizing strength
developmenitesf ulteitigh strengghi doncieteé vithemixtgre aesignirkeiich itikingompressive

strength of 120MPa or more and a low water-binder ratio of
20% and less, the method characterized in that dry-mixing of
the gravels and the silica fume i1s first conducted for 20 to

10 40 seconds and the other mixing materials are put and mixed.
[claim 2}

A method for optimizing strength development of ultra-—
high strength concrete with mixture design in which mixing
materials including water, cement, silica fume, blast furnace

15 slag, gypsum, sand, and gravels are mixed with compressive
strength of 120MPa cr more and a low water-binder ratio of
20% and less, the method characterized in that the water is
finally put and mixed for 150 to 200 seconds, and after a
stationing operation where the mixing operation stops for 200

20 to 400 seconds 1s conducted, the mixing operation is
conducted for 150 to 200 seconds.
[claim 3]

A method for optimizing strength development of ultra-

high strength concrete with mixture design in which mixing
25 materials including water, cement, silica fume, blast furnace

slag, gypsum, sand, and gravels are mixed with compressive

strength of 120MPa or mere and a low water-binder ratic of

20% and less, the method characterized in that the mixture

design of the ultra-high strength congrete is conducted with
30 a slump flow of 850+50mm.

[claim 4]



25 materials including water, cement, silica fume, blast furnace slag, gypsum, sand, and gfavels are
mixed with compressive strength of 120MPa or mO{ and a low water-binder ratio of 20% and less, the
method characterized in that the mixture design of the ultra-high strength concrete is conducted with

30 a slump flow of 85050mm. [Claim 4] 14 = A method for optimizing strength develgpment of
ultrahigh strength cOcraf wittPrixiiRe desTgih whidht iidfg ﬁ%?&ﬂﬁ@iﬁ%ﬁﬁ'diriﬁfwéi%%‘ment,

silica fume, plast furnace iRy, aypsuEYy sand, and-gravels aregnixed-with-compressive; 3 strgngth of
120MPa or more and a low water-binder ratio of 20% and less, the method characterized in that the
mixture deBRAceTtRAé UltFa-high SthéhgiR edhcret® T ESndutidd @With BH6ir coRRAEbEWEETE.0% and

2.0%. [Claim 2} 104 sethd for optimizing stiangli develonment.of yiva: bigh stigpathcangrete with

mixture design’in which mixing materials including water, cement, silica fume, blast furnace slag,
gypsum, sandcand bravéls bié Wiredwithnesrapressive sttengthvet £20MPadmare taind aolbw
water-bindey, gatio of 15 20% and less, t ethod characterized in that self-compacting casting of the
ultra-high gt{rieongfﬁuc{on%gtse’is g%ﬁdu%?e%&%laiﬁ%ficrggﬁ%éefgr olpr%im%z?iﬁétv st“r’r(‘egr%gtrlinﬁg\%%%ment of
ultra- 20 highsstrengtit cancretelwith Atixtyre design i whichrimixing:materiatsipctucing watet, cement,
silica fume, blast furnace slag, gypsum, sand, and gravels are mixed with compressive strength of
120MPa of hote %nﬂ%i‘b%%a’?e%—eﬂﬁ&@r ratio of 209 and fess, the method characterized in that after
the 25 castipg,of the wijtra-high strength concrete, wet curing of the ultra-high strength concrete is
conducted for 14 to 28 days and air dry curing is then conducted. [Claim 7] A method for optimizing
strendth developmentohultta-£30 high istrengtinconetetevgthmistiire desiganin whichuhixing-materials
including V}/Iatg , cement, silf'{:a fume, blast fur.nakcl:e %a}gﬁ gypsum, sand, and %ﬁ\{%lﬁ are mixed with

conuxesﬂvé gtrengtnh concrete wit design 1n mixing
materials including water, cement, silica fume, blast furnace

slag, gypsum, sand, and gravels are mixed with compressive
strength of 120MPa or more and a low water-binder ratio of

15 20% and less, the method characterized in that self-
compacting casting of the ultra-high strength concrete is

conducted.
[Claim 6]
A method for optimizing strength develcpment of ultra-
20 high strength concrete with mixture design in which mixing
materials including water, cemenlt, silica fume, blast furnace
slag, gypsum, sand, and gravels are mixed with compressive
strength of 120MPa or more and a low water-binder ratic of
20% and 1less, the method characterized in that after the
25 casting of the ultra-high strength concrete, wet curing of
the ultra~high strength concrete is conducted for 14 to 28
days and air dry curing is then conducted.
[claim 7]
A method for optimizing strength development of ultra-—
30 high strength concrete with mixture design in which mixing
materials including water, cement, silica fume, blast furnace

slag, gypsum, sand, and gravels are mixed with compressive



strength of 120MPa or more and a low water-binder ratio of 20% and less, the method characterized in
that two or more steps are selected from the followjlrgg steps of: conducting the mixture design of
the ultra-high strength 5 concrete with a slump flow of 85050mm;  conducting the mixture design of
the ultra-high stren% concrete with an air content between 1.0% and 2.0%; = conducting first

dry-mixingofifi€ §lavesfand e &ica fuMie 161 20710 40 setdnd& i cohdiidting fift-pattifg 10 and

mixing of the pther mixiag Mmatenials inthednixing Praeess-afibe ultra-high strength sencrete;
conducting final mixing of the water for 150 to 200 seconds and after conducting a stationing operation
where the PiRIRG opetatioh-§top3For 200to-260 Seéords. tendiEtit the15 mixing for 150 to 200

seconds in the mixing, process ofithe yitta-high sirength, concree, ulcppgugtir%gisglfa-ggg@@gting

casting of the ultra-high strength concrete; and conducting wet curing for 14 to 28 days after the
20 castingoftive altra-highistrengthiuopndreterand c8ndudtigrair dry curing. [Claim 8]  The method
for optimizing strengt udcecvel%pn%%nt of .ult %@gh 31:eren%t£1 %ogcg-:r‘}g acE%E:dingl'&o any one of g{gims 1lto

7, 25 wherein the mixture égs“lgn of the Ul ra-high stre gth concrete has the co%pressrl\%} %tréngth of

more than 200MRece with an air content between 1.0% and 2.0%;
concducting first dry-mixing of the gravels and the
silica fume for 20 to 40 seconds and conducting the putting
10 and mixing of the other mixing materials in the mixing
process of the ultra-high strength concrete;
conducting final mixing of the water for 150 tc 200
seconds and after conducting a stationing operation where the
mixing operaticn stops for 200 to 400 seconds, conducting the
15 mixing for 150 to 200 seconds in the mixing process of the
ultra-high strength concrete;
conducting self-compacting casting of the ultra-high
strength concrete; and
conducting wet curing for 14 to 28 days after the
20 casting co¢f the ultra-high strength concrete and conducting
gir dry curing.
[Claim 8]

The method for optimizing strength development of ultra-
high strength concrete according to any one of claims 1 to 7,
25 wherein the mixture design of the ultra-high strength

concrete has the compressive strength of more than 200MPa.



