DESCRIPTION

METHOD FOR PRODUCING PRESTRESSED CONCRETE

Technical Field
[0001]

The presentinventionrelatestoaprestressed concrete
obtainedbyintroducingachemicalstressinducedbyaconcrete
expansive materialand amechanical stress using a continuous
fiber-reinforcing wire together, and particularly relates to
amethodforproducingthe prestressedconcrete,usingsulfate
I ons or seawater containing sulfate ions as a mixing water.
Background Art
[0002]

Conventionally, a concrete obtained by introducing a
prestress into a cement-based material having an excellent
mechanical characteristics (compressive strength, bending
strength, or the like) has been developed.

[0003]

In a conventional prestressed concrete, in the case of
a pre-tensioning method, using a high-tensile steel material
(PC steel material) as a tensional material to introduce a
prestress, a concrete is poured while a PC steelwire oraPC
steel strand wire obtained by twisting two or three wires is
tensioned by along line method or a form-fixing method, and,

these PC steel wires are cut after curing and hardening to



manufacture a prestressed concrete.
[0004]

Inrecentyears, aprestressedtensional material
a rod of a fiber material reinforced in one direct
aglassfiber,acarbonfiber,anaramidfiber,or
a high-strength has been used, and has attracted at
aprestressedconcretehavingexcellentcorrosionr

[0005]

JP2004-155623Adisclosesatechniqueforexpressin

tensile strength of a prestressed concrete, or high
strength thereof.

[0006]

JP 2002-326285 A disclose atechnique for a prestr

concrete tensional material using a continuous
fiber-reinforced plastic composite material.
[0007]

Inaddition, usually, a concrete structure starts
driedfromasurfacethereof.Therefore,whenashr
thereof is higher than a tensile strength of the co
crack is generated.

[0008]

In order to reduce the cracks, it is necessary to
the expansion amount sufficient to compensate a dry
shrinkageamountofaconcreteortoreducethedry
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concrete. As a concrete admixture thereof, an expa
material or a shrinkage reducing agent is known.
[0009]

Among these materials, the expansive material cont
amaterial expanding inaccordance with ahydration
and prevents drying shrinkage of a concrete structu
hydration expansion.

[0010]

JP 2005-162564 A disclose an expansive material of
concrete.Thismakesinexpensivequicklimesuffici
asanexpansivematerialforamortaroraconcrete
without subjecting quick lime to acomplicated trea
as a treatment for manufacturing a clinker burning
byaddinganotherrawmaterialcomponentlikeinpr
almost without causing an increase in cost. This pr
expansivematerialcapableofgrantingsuchastabl
force to be able to complete with contraction of a
aconcreteoranexternalpressuresufficiently,in
an expansive material capable of introducing a chem
prestresswithoutusingalargeamountoftheexpan
and a concrete capable of introducing a chemical pr
[0011]

AS described above, a prestressed concrete has bee
developedinordertoovercomethelargestproblem
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resistant to tension. The prestressed concrete mak
compressive force applied (prestressed) to a concre
before a load is applied, prevents generation of a
stressinthe concretewhenthe concretereceivest
controls the tensile stress .The prestressed concre
prevent cracking due to a tensile stress compared t
reinforced concrete.
[0012]

Inaddition,inrecentyears,constructionmateria
beeninshortsupplybecauseofthepost-disasterc
in the area stricken by the Tohoku Earthquake, etc.
concrete using seawater as a mixing water has been

[0013]

For example, JP 2015-20925 A discloses a method fo

producingconcrete usingseawaterasamixingwater
a binder and a fine aggregate, which is injection m
use in a pre-packed concrete construction method us
concrete shell crushed to a size of 200 mm or more
or less as a coarse aggregate or in a post-packed c
construction method.
[0014]

Seawater is used as a mixing water for the purpose
improvingtheinitialstrengthandreducingthedur
the removal of forms, which ensures sufficient stre
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the suppression of bleeding.
[0015]

Inaddition,JP2005-281112Adisclosesseawater-b
alumina cement concrete obtained by disposing a rei
steel structure made of reinforcing steelinaconc
then mixing alumina cement, seawater, afine aggreg
coarse aggregate to produce fresh concrete in aflu
and pouring the fresh concrete into the form to emb
reinforcing steel structure, followed by hardening.
[0016]

As compared with tap water-blended ordinary Portla
cementconcrete ortap water-blended aluminacement
the corrosion prevention effect on the reinforcing
higher.

[0017]

In addition, it is stated that the above technolog
alsoapplicabletocorrosionpreventioninthePCs
of prestressed concrete.

[0018]

Like this, conventionally, because seawater contai
salinemattersandrustsreinforcingsteel,various
have beensetinthe production ofconcrete. Howev
usages, seawater hasbeenincreasingly utilized for
theinitial strength, preventing the corrosion ofr

steel, and the like.
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Citation List
Patent Literature
[0019]

Patent Literature 1: JP 2004-155623 A

Patent Literature 2: JP 2002-326285 A

Patent Literature 3: JP 2005-162564 A

Patent Literature 4: JP 2015-20925 A

Patent Literature 5: JP 2005-281112 A
Summary of Invention
Technical Problem
[0020]

Asshownintheabovepatentpublicationsofrelat
various types of prestressed concrete have been dev
order to increase the strength thereof..

[0021]

As an application, a conventional prestressed conc
isoftenappliedtoabridge,aelectricpole,aco
aconstruction member, abeam of building, orthel
mainly used for a structural material.

[0022]

Aprestressedconcreteisaneffectivetechniquec
of suppressing cracking on a surface, which may be
concrete.

[0023]

Inaddition, accordingtothe above patentpublica
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ofrelatedart,becauseoftheuseofseawaterasa
for concrete, effects of improving the initial stre
preventingthecorrosionofreinforcingsteelcanb
[0024]

In prestressed concrete, for the application of
mechanical prestress, the concrete is placed witha
materialbeingundertensilestress. However,afte
the bond strength between the tensional material an
concreteisproblematic. Thatis,aconcreteexpan
is required at the time of hardening.

[0025]

When the bond strength is small, sliding occurs at
bonding site betweenthe tensional materialand the
whereby prestress is not sufficiently exerted.

[0026]

The above patent publication of related art (JP
2005-281112 A) states that the technique is applica
prestressed concrete. Although alumina concrete ha
density and can increase the strength, suppress the
chlorineionsfromoutside,andpreventaPCsteel
rusting,ascomparedwithPortlandcement,thehard
Is extremely shorter, and hardening takes place whi
generationofettringite, whichexertsanexpansion
insufficient; accordingly, almost no expansion effe

expected. Therefore, the bond strength cannot be i

mixingwater
ngth and

eexpected.

tensional
rplacement,
d the

sioneffect

the

concrete,

ble to

s high
entry of
materialfrom
eningperiod

le the

effect,is

ctcan be

ncreased.



[0027]

Ettringite (3Ca0O -Al203 -3CaS0432H20)isahydratethatis
generated, atthetime of cementhydrationwhere SO 4% (sulfate
ion) and H20 are present, as a result of the reacti on of an
aluminate phase (tricalcium aluminate, 3CaO Al203) with SO4 =
(sulfate ions) and H20. When the amount of ettring ite
generationistoolarge,thecementhardenedbodyi sexpanded.
[0028]

The generated ettringite (3CaO -Al203 -:3CaS0432H20)isin
theformofextremelysmallcrystalsofaboutsever almicrons.
Such crystals are colloidal in the cement paste har dening
processanddevelopintoaburr-likeforminfinev oidsinthe
gel, thereby functioning to reduce shrinkage dueto hardening
of the gel and shrinkage due to drying and further cause
expansion. Expansioninthiscasemeansexpansion deformation
that occurs with an increase in strength. In the p resent
invention, itis believed that in prestressed concr ete, such
expansion promotes the strength and expansion of th e bonding
site between the tensional material and the concret e and

increases the bond strength.

[0029]

The present invention has been accomplished in vie w of
the above problems, and an object thereof is to pro vide a
prestressed concrete having increased bond strength and
allowingforsufficientexertionofthestrengthby prestress,



using chemical stress by an expansive materialand
stressbyacontinuousfiberreinforcingwiretoget
using seawater as a mixing water.

Solution to Problem

[0030]

In order to solve various problems, in claim 1 of
presentinvention
includingintroducingmechanicalstressbyatensio
andchemicalstressbyanexpansive material,them
configured such that in the production, a cement ma
excluding alumina cement is used, and sulfate ions
with a mixing water in a proportion of 1,000 to 5,0
unit mass of the mixing water.

[0031]

Themechanicalstressbyatensional materialmay
stress aslong as mechanical tensile stress can be
introduced into concrete using a wire rod as the te
material. The prestress introduction method may be
pre-tensioning method or a post-tensioning method.
[0032]

With respect to the chemical stress induced by an
expansivematerialforaconcrete,anyexpansivema
for a concrete may be mixed, and an admixture capab
introducing a chemical stress into a concrete orth
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[0033]

The mixing water is water for mixing binders, such
cement, and aggregates, such as gravel and sand.
Conventionally freshwatersuchastapwaterisus
in claim 1 of the present invention, water having m
therewith sulfate ions is used.
[0034]

Sulfate ions (SO4
notlimitedaslongastheyserveassulfateionsi
water. For example, water-soluble sulfates, sodium
(Na2S04), and the like may be used.

Itis necessary that the sulfate ions in a mixing
are such that the amount of ettringite generated at
ofcementhydrationissufficienttocauseanexpan

Whenthe proportion of sulfate ionsinamixingwa
1,000ppmorless,thegenerationofettringiteis
therefore, thisisundesirable. Whenthe proportio
ppmormore,theamountofettringite generationis
resulting in an excessive expansion effect, which c
cracking; therefore, this is undesirable.

Theproportionispreferablyl,500to4,000ppm,a
more preferably about 1,800 to 3,000 ppm.

[0035]
In claim 2, in the method for producing prestresse

concrete, seawater is used as the sulfate ions mixe
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mixing water.

[0036]

Seawateriswaterextractedfromthe seaandcompo sedof
water as a main component, about 3.5% salt, and tra ce metals.
Thecontentofsulfateions(SO4 % )isabout0.2649mass%. (The

content varies depending on the sea area.)

[0037]

Generally, in the case of reinforced concrete usin g
Portlandcementasaconcretematerialorprestress edconcrete
usingaPC steelmaterial,theinside of concretei salkaline,
and,onthesurface ofthe steelmaterialofreinfo rcedPC,for
example, a thin film of iron hydroxide ( v-Fe203 -nH20, wherein
nis anatural number) having athickness of about 20to60 um
(hereinafterreferredto as “passive film”) is form ed. Thus,
suchasteelmaterialiselectrochemicallystablea ndresistant

to corrosion.

[0038]
However,aconcretestructure hasaproblemintha twhen
chloride ions (ClI ") penetrate into the concrete, the passive
filmonthe surface ofthe steel materialisbroken ,resulting
in corrosion of the steel material. Therefore, gen erally,

seawater has been hardly used as a mixing water.
[0039]
Asthe seawater, seawater extracted fromthe seam ay be

directlyused, butitis preferabletouse seawater fromwhich
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garbage andthe like have beenremovedthrough afi
like. It is also possible that instead of surface
having a large amount of floating matter, seawater
certain depth, where garbage and the like are hardl
is pumped up and used.
[0040]

In claim 3, in the method for producing prestresse
concrete according to claim 1 or 2, the tensional m
a rust-resistant wire.
[0041]

Therust-resistantwiremaybeanywireaslongas
no risk of rupture of a concrete by expansion due t
ofatensionalmaterialaftertheconcreteispoure
thereofincludearust-resistantmetalsuchasstai
analuminumalloy,atitaniumalloy,anickelalloy
alloy,amolybdenumalloy,oratungstenalloy,and
material such as a resin material and a vegetative
material.
[0042]

In claim 4, in the method for producing prestresse
concrete accordingto claim 1 or 2, the tensional m
a continuous fiber-reinforcing wire.
[0043]

The continuous fiber-reinforcing wire is a linear

continuous fiber reinforced material, whichisaPC
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material using a reinforced fiber reinforcing mater
continuously molded in a linear shape. The Continu
reinforcing materialisagenericnameof materia

by binding a carbon fiber, a glass fiber, a aramid
vinylon fiber, or the like with an epoxy resin or t
[0044]

The reinforced fiber reinforcing material has bett
physical properties (tensile strength, elastic modu
reinforcing steel together with excellent anticorro
electromagneticpropertiesthatreinforcingsteeld
suchaslightweight,highstrength,highelasticit
resistance, a non-conductive property, or a non-mag
property, and the like.

[0045]

The linear shape generally means a linear shape o

two-dimensionallyorthree-dimensionallyassembled
ashapeunitthereof,suchasaroundshape,arect
anirregular shaped (rib, orindented surface) rod,
shapedrod, atwisted wire-shaped strand, or a latt
[0046]

In claim 5, in the method for producing prestresse
concreteaccordingtoclaim4,thecontinuousfiber
wire is areinforced fiber wire of one or more kind
selected from a metal fiber, a aramid fiber, a carb

a glass fiber, and a poly-p-phenylenebenzobisoxazol
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[0047]

In claim 6, in the method for producing prestresse
concreteaccordingtoanyoneofclaimltoclaim5
materialforaconcreteisamixtureofoneormore
from a lime-based expansive material such as a quic
calcium sulfoaluminate, an ettringite-based expansi
material derived from seawater, ettringite-lime com
expansive material, an iron powder-based expansive
amagnesium-basedexpansivematerial,analuminump
expansive material, a shale-based expansive materia
silica-based expansive material.

[0048]

The chemical stress only needs to act on a surface
concrete. Any chemical stress can be used as long a
effects for reducing a weight and suppressing crack
combination thereof is not limited.

[0049]

In claim 7, in the method for producing prestresse
concreteaccordingtoanyoneofclaim2toclaim6
for use as the mixing water is used in an amount of
wit% relative to the total weight of the mixing wate
[0050]

With respect to the amount of seawaterusedasam
water, when it is 50 wt% or less, the amount of sul

intheseawaterissmall,andtheamountofgenerat
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(3Ca0-Al203 -3CaS0432H20),whichservesasanexpansivematerial

that expands the cement hardened body, is so small
expansioneffectcanbeexpected. Theamountispr
to 150 wt%, and still more preferably 80 to 120 wt%

[0051]

In the case of using concentrated seawater prepare

concentrating seawater, the amount of seawater is c
intermsoftheweightofnaturalseawaterbeforec
[0052]

In claim 8, in the method for producing prestresse
concrete according to any one of claim 2 to claim 7
ions contained in the seawater are contained inap
of 1,500 to 3,000 ppm per unit mass of the seawater
[0053]

Sulfate ions in natural seawater are considered to
about 2,000 to 2,800ppm. The concentration somewha
in the case where garbage and the like are removed
ordinary filter, but is within a range of 1,500 to
no matter which seawater is used.
[0054]

In claim 9, in the method for producing prestresse
concreteaccordingtoanyoneofclaim2toclaim8
foruse asamixing wateris seawater fromwhich ch
have been removed.

[0055]
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For the removal of chlorine ions, various existing
techniguesmaybeused. Forexample,amethodinw
ionsare precipitatedinanaqueoussilvernitrate
silver chloride and removed may be employed, and it
possible to use an ion exchange resin and the like.
[0056]

In claim 10, in the method for producing prestress
concrete according to any one of claim 1 to claim 9
discontinuous fiber reinforcing material has been m
time of concrete placement.

[0057]

Thediscontinuousfiber reinforcing materialmay b
material as long as it is a fiber reinforced materi
discontinuous state.

[0058]

With respect to a size of a fiber, a diameter of 0
tol.0mmandalengthof2to30mmarepreferable
0f0.01to0.5mmandalengthof5to25mmaremo
fromviewpointsofpreventingmaterialseparationo
in a formulation and improving bending strength or
after hardening. An aspect ratio of a carbon fiber
length/fiber diameter) is preferably 20 to 200, and
preferably 30 to 150.

[0059]

With respect to the blending amount thereof, it is
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suitablethatthevolumepercentageintheblendis
preferably 0.5t03.0%, and more preferably 0.8to

the blended amount is less than 0.2%, improvement i
strengthortoughnesscannotbeexpected. Meanwhil
blended amount is more than 5.0%, the unit water co
increasesinordertosecurefluidityandthelike.
anincreaseinblendedamountdoesnotimprovethe
effect of fibers and thus is not economical, and is
likely to cause the formation of so-called fiber ba
mixture. Therefore, this is undesirable.

[0060]

In claim 11, in the method for producing prestress
concrete according to any one of claim 1 to claim 1
discontinuousfiberreinforcingmaterialisareinf
material formed of one or more kinds of fiber selec
metalfiber, acarbonfiber,aglassfiber,andar
Advantageous Effects of Invention
[0061]

The present invention has the following effects.

1) In the method for producing prestressed concret
sulfateionsareusedinamixingwater. Asaresu
which is an expansive material, is generated at the
cement hydration. Accordingly, due to its expansio
the bond strength between the tensional material an

concrete can be increased.
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[0062]

2) In the method for producing prestressed concret
seawater is used as a mixing water. As aresult, b
sulfate ions in seawater, ettringite, which is an e
material, is generated at the time of cement hydrat
Accordingly, due to its expansion effect, the bond
between the tensional material and the concrete can
increased.
[0063]

3)Becauseoftheenhancementofbondstrengthdes
above, sliding at the time of mechanical prestressi
suppressed, whereby strong and highly reliable pres
concrete can be realized.
[0064]

4)Becauseoftheenhancementofbondstrengthdes
above, the effective range of the tensional materia
mechanical prestressing can be greatly extended.
[0065]

5)Becauseseawaterisusedasamixingwater,due
expansion effect, the portion unlikely to be affect
mechanical prestress canbe compensated with chemic
[0066]

6) Because seawater from which chlorine ions have
removedisusedasamixingwater,evenwhenaPCs

isused as atensional material, the problem ofrus
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solved.
[0067]

7) When a discontinuous fiber reinforcing material is
incorporated into concrete, the bending strength of the
concrete can be improved, whereby the effect of an expansive
material can be increased, and the bond strength can be
increased.

[0068]

8) Itbecomespossibletothinornotchconcrete,andthe
degree of freedom in design is widened largely.
[0069]

9) Dueto asynergistic effects of amechanical stress,
achemical stress, and an ettringite generation, the strength
canbeincreasedevenwhenashapeofasurfaceschangesorcut
out shape or an opening is provided. Therefore, a drastic
design configuration can be made, and a more flexible
prestressed concrete can be realized.

[0070]

10) Byreducingathicknessandaweightandsuppressing
crack,applicationtoamemberforwhichaconventionalconcrete
has not been used is possible.

[0071]

11) A prestressed concrete can be used as an alternate

memberforametalmember,aglassmember,ahardresinmember,

awoodmember,aimpactenergyabsorbingmembersuchasadamping
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member or a vibration isolation member, a form mate rial as a
preceding framework, or the like.
Brief Description of Drawings
[0072]

Fig.lisaflowdiagramshowingthemethodforpr oducing
prestressed concrete of the present invention.

Fig. 2 is a schematic view illustrating arrangemen t of
atensionalmaterialinaprestressedconcreteacco rdingtothe

present invention.

Fig.3isastrengthtestresultsreportofconcre teusing
industrial water used in the bond strength comparis on test.
Fig.4isastrengthtestresultsreportofconcre teusing

seawater used in the bond strength comparison test.
Description of Embodiments
[0073]
Embodiments of the present invention will be descr ibed
with reference to the drawings.
First, Fig. 1(A) to 1(C) illustrate a method for
introducing a mechanical prestress by a pretension method.
[0074]
Figs.1(A)to1(C)areexplanatoryviewsofapret ension
bed (manufacturing apparatus).
Theseillustrateanexampleinwhichatensionof 50tons

(490kN) isintroduced using a PC steel strand wire of ¢26mm

as a tensional material.
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[0075]

In this example, as illustrated in Figs. 1(A)to 1
three prestressed concrete members are simultaneous
manufactured in a longitudinal direction on a prete
(production apparatus) in a long line system.

[0076]

AsillustratedinFig. 1(A), the PC steel strandw
stretched betweenreactionforcebasesandistense
on a left side with a tensile load of 50 tons (490
a prestress force.

[0077]

Subsequently,asillustratedinFig.1(B),alatti
(reinforcingsteel)andaformareassembledwhile
strand wire is tensed, and a concrete is poured and
[0078]

When predetermined concrete strength is obtained,
illustrated in Fig. 1(C), the tensioning jack is gr
released, the PC steel strand wire is cut, and the
transferred to the prestressed concrete members.

[0079]

Prestressed concrete is manufactured in this way.
[0080]

The prestressed concrete according to the present
invention is achieved by a novel compositionofac

tensional material, and a tensile load.
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[0081]

The blending of concrete in concrete placementis
below. (Unit: kg/m3)
Concrete Blending Example 1 (Basic Blending)
Ordinary Portland cement: 626
Seawater: 175
Fine aggregate: 809
Coarse aggregate: 818
Additive: Water reducer: 6.89
[0082]

Inthis example, as a mixing water, seawater is us
placeoftapwater. Thetotalweightperm3is2,4
theproportionofseawaterrelativetothetotalam

[0083]

Inaddition, the seawater was extracted from a dep

about100mintheoceanofftheCapeZampainthe
of Okinawa, and garbage and the like were removed t

0.5-mm mesh screen.

The components of the seawater are as follows.

Specifi
c pH Na* K" Ca®™ Md Cl -
gravity
8. 9,29 34 35 1,16 17,08
1.02 1 0o 6 6 7 7
[0084]

Inaddition, the concrete blending in the case whe

expansive material was added to the above basic ble
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shown below. (Unit: kg/m3)
Concrete Blending Example 2 (Addition of Expansive
Ordinary Portland cement: 606
Expansive material: 20
Seawater: 175
Fine aggregate: 809
Coarse aggregate: 818
Additive: Water reducer: 6.89
Inthis example, the total weight per m3is 2,434.
andthe proportionof seawaterrelativetothetota
7.2%.
[0085]
Inaddition,the concrete blendinginthe casewhe
ashwasaddedtotheabovebasicblendingisshown
kg/m3)
Concrete Blending Example 3 (Addition of Fly Ash)
Ordinary Portland cement: 563
Fly ash: 63
Seawater: 175
Fine aggregate: 798
Coarse aggregate: 810
Additive: Water reducer: 6.89
Inthis example, the total weight perm3is 2,381.
andthe proportionof seawaterrelativetothetota

7.3%.
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[0086]
In addition, the concrete blending in the case whe
expansive material, fly ash, and a fiber-reinforced
were addedtotheabove basicblendingis shown bel
kg/m3)
Concrete Blending Example 4 (Addition of Expansive
Fly Ash + Fiber-Reinforced Material)
Ordinary Portland cement: 621
Expansive material: 20
Fly ash: 71
Fiber-reinforced material: 9.1
Seawater: 185
Fine aggregate: 1,205
Coarse aggregate: 267
Additive: Water reducer: 11.38
Inthis example, the total weight perm3is 2,381.
andthe proportionofseawaterrelativetothetota
7.3%.
[0087]
Inall the above Concrete Blending Examples 1to 4
amountofsulfateionsinthemixingwaterandseaw
ppm.
[0088]
In addition, the concrete may also be prestressed

concrete having a decreased plate of its thickness.
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[0089]

Forexample,itispossiblethatastrandmadeof acarbon
fiber-reinforced polymer (CFRP) material 12.5mmin diameter,
which is a rust-resistant wire and a continuous
fiber-reinforcing wire, is used as a tensional mate rial, the
size of each prestressed concrete volume is 3 m x2.4m x36
mm, and five tensional materials are disposed atin tervals of
500 mm in the transverse direction.

[0090]

Fig. 2 shows the disposition of a tensional materi al.

The thickness T of the prestressed concrete 1is 3 6 mm,
andatensionalmaterial2of $12.5mmwasdisposedinthecenter
of the plate thickness.

[0091]

Latticed bars 3 were disposed on the top face of t he
tensional material. The covering depth is about 7 mm.
[0092]

In the concrete composition described above, the
tensional material was disposed, and a tensile load of 18 KN
was introduced per tensional material.

[0093]
After curing for about 24 hours, the tension force was

released.
[0094]

The compressive strength after the manufacturing o
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prestressed concrete was 60 MPa or more, meeting th
standard.
[0095]

The plate thickness of the prestressed concrete of
example is 36 mm. In the case of conventional pres
concrete using a tensional material made of steel (
considering the problem of rusting and the like, a
depth of about 30 mm is required. Therefore, the p
thicknesshastobelargerthantheprestressedcon
present invention by the difference in covering dep
minus 7 mm), that is, about 23 mm each side.

[0096]

In addition, the weight of the prestressed concret
this example was 648 kg.
[0097]

In the case of prestressed concrete using a tensio
materialofsteel,theplatethicknessis82mmcon
covering depth. When calculated as the estimated w
general reinforced concrete (calculated as 2.5 tons
theweightisabout1,476kg,indicatingaweightr
50% or more.

[0098]

Inthe prestressed concrete, the concrete’sweakne

being weak to tensile stress is compensated with me

prestressbyatensionalmaterial,andcrackingdue
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stress, for example, can be prevented.
[0099]

In order for the capability of prestress to be
sufficiently exerted, the bond strength between the
andthetensionalmaterialisimportant. Intheca
bond strength is insufficient, slipping occurs betw
concrete and the tensional material, whereby mechan
prestress cannot be exerted.

[0100]

In the present invention, sulfate ions or seawater
mixedwithamixingwatertogenerate ettringite, w
an expansion effect at the time of concrete hardeni
theconcretebedenseandexertanexpansionforce;
the bond strength between the tensional material an
concrete is increased.

[0101]

Hereinafter, a bond strength comparison test using

seawater will be shown.
[0102]

<Bond Strength Comparison Test>

A bond strength comparison test was performed on

conventionalconcreteusingindustrialwater(indus
C) and concrete using seawater (seawater C).

[0103]

The test method and evaluation are based on “Metho
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TestforBondStrengthbetweenConcreteandSteelR
byPull-OutTest(JSTMC2101)"oftheJapanTestin
ConstructionMaterials. Thebondstressataslipp
D(Diameter)andthemaximumbondstressatbreakw
to comparison.
[0104]
<Test Specimen>
1) Industrial water C, three volumes

Mixing water: Industrial water

Specific gravity: 1.0

Sulfate ions: 7.0 mg/L (7 ppm)

2) Seawater C, three volumes

Mixing water: Seawater from Yomitan village

Specific gravity: 1.02
Sulfate ions: 2,090 mg/L (2,132 ppm)
3) Test specimen conditions

- Test specimen size

einforcement
gCenterfor
ageof0.002

eresubjected

Cubic test specimen: 200 mm x 200 mm x 200 mm

Reinforcing steel rod diameter: 13 mm (SD295A D13)

Site of bonding: 50 mm

- Concrete blending ratio
Ordinary Portland cement: 621
Expansive material: 20
Seawater or industrial water: 185

Fine aggregate: 1,205
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Coarse aggregate: 267

Additive (water reducer): 11.38

Fly ash: 71

Carbon fiber: 9.1
- Strength test: Material age: 28 days (see Fig. 3

Compressive strength: Industrial water concrete: 9
N/mm?2

Compressive strength: Seawater concrete: 88.5 N/mm
[0105]
<Test Specimen Manufacturing Conditions>

Form Frame Condition
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A

(Bonding Site Enlargement Condition)
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Placing Condition

[0106]

<Test Specimen>
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[0107]

<Test Apparatus>

(Whole Appearance of Test Apparatus)
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(Condition of Test Specimen Part)
[0108]

<Break Condition>
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(Break Condition in Threaded Part)

\\\%

(Break Condition in Reinforcing Steel Part)
[0109]
<Test Results>

Industrial water C-1

; \

E Q

= §.

= ]

5 ' &

% . ‘NN : sl Meginad -1
) o

Load (W)
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Bond stress T
Slippage 0.002D = 0.026 min
Tensile 0.002D = 2.092 kN
strength
Relnforplng steel D= 13 mm
diameter
Compressive oC = 99.1 N/mm 2
strength
Cofrrectlon a=30/ oc 0.303
actor
at 0.002 D T= P- o/(4 nD?)
= 0.298 N/mm 2
at MAX T = P- o/(4 nD?)
= 10.28 | N/mm 2
[0110]
Industrial water C-2
=
K= .
' '  Load (o)
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Bond stress T =
Slippage 0.002D = 0.026 mm
Tensile 0.002D = 1.924 kN
strength
MAX = 45.2 kN
Remfo(;pmg steel D= 13 mm
iameter
Compressive oC = 99.1 N/mm 2
strength
Cofrrectlon a=30/ oc 0.303
actor
at 0.002 D T = P-of (4 nD?)
= 0.275 N/mm 2
at MAX T = P-of (4 HDZ)
= 6.449 | Nimm ?
[ 0111]
Industrial water C-3
Normai-a
% 4] I‘.:R___. -\s\-
Load (kN)
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Bond stress T =
Slippage 0.002D = 0.026 mm
Tensile 0.002D = 1.798333 kN
strength
MAX = 43.23 kN
Remforqng steel D= 13 mm
diameter
Compressive oC = 99.1 N/mm 2
strength
Cofrrectlon a=30/ oc 0.303
actor
at 0.002 D T = P- ol (4 nD?)
= 0.257 N/mm 2
at MAX T = P-ol (4 HDZ)
= 6.168 | Nimm 2
[ 0112]
Seawater C-1
Seawater-1
= N
=« Q&&\\\\
g L s e SeWaE-
= EN \{“&
ol X :
Load (kN
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Bond stress T =
Slippage 0.002D = 0.026 mm
Tensile 0.002D = 9.23 kN
strength
Remforpmg steel D= 13 mm
diameter
Compressive oC = 88.5 N/mm 2
strength
Cofrrectlon a=30/ oc 0.339
actor
at 0.002 D T= P- o/(4 nD?)
= 1.473 N/mm 2
at MAX T = P.- o/(4 nD?)
= 6.775 | Nimm 2
[0113]
Seawater C-2
Seawater-2
_é_ &.‘.‘_".v"&."\‘. §
= e s e Gyt
w
Load (kN)
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Bond stress : T =

Slippage : 0.002D = 0.026 mm
Tensile 0.002D : = 1.0244 kN
strength
MAX : = 65.54 kN
Relnfo(;plng steel : D= 13 mm
iameter
Compressive oC = 88.5 N/mm 2
strength
Cofrrectlon . a=30/ oc 0.339
actor
at 0.002 D T = P-of (4 nD?)
= 0.164 N/mm 2
at MAX T = P- o/ (4 nD?)
- 10462 | N/mm ?
[ 0114]

Seawater C-3

Seawater-3

-~ Seawater-3

Disp!acgment (mm)

Load 1N
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Bond stress T =
Slippage 0.002D = 0.026 mm
Tensile 0.002D = 1.597556 kN
strength
MAX = 69.29 kN
Relnforplng steel D= 13 mm
diameter
Compressive oC = 88.5 N/mm 2
strength
Cofrection «=30/ oc | 0.339
actor
at 0.002 D T = P- ol (4 nD?)
= 0.255 N/mm 2
at MAX T = P- ol (4 nD?)
= 11.06 | Nimm 2
[ 0115]
<Comparison of Bond Stress>
Table 1. Pull-Out Test Results (Bond Stress)
Strength Bond stress N/mm2
test N/mm2 Slippage: 0.002 D
Material
age: 28days Test 1 Test 2 Tiest 3 Average
Industrial 99.1 0.298 0.275 0.257 0.277
water
Seawater 88.5 1.473 g.164 0.255 0.631
Difference -10.6 1.18 -0.11 0.00 0/35
Pmpg;f)')o” 89.3% 494.3% 59.6% 99.2% 228.0%
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Table 2. Pull-Out Test Results (Maximum Bond Stress)

Strength test

Bond stress N/mm2

N/mm2
Material age: Reinforcing Threading Overall
28 days steel break break average
Industrial 99.1 10.28 6.31 7.63
water
Seawater 88.5 10.76 6.78 9.43
Difference -10.6 0.48 0.47 1.80
Proportion (%) 89.3% 104.7% 107.4% 123.6%
[ 0116]

In the strength test at a material age of 28 days, the

strengthvalueoftheconcreteusingseawaterwasaslowas89.3%

relativetotheconcreteusingindustrialwater. However,with

respecttothe bondstress (Table 1),asawhole, the strength

valueoftheseawaterCwasasextremelyhighas228.0%relative

to the industrial water C. (Although the seawater C showed a

lower value in the test specimen 2, considering the strength

test, the bond stress is excellent.)

[0117]

Inaddition,withrespecttothemaximumbondstress,the

strengthvalueoftheseawaterCwasashighas123.6%relative

totheindustrialwaterC. Fromtheseresults,itwasconfirmed

that use of seawater in a concrete mixing water results in an

increase in bond stress.

[0118]

Therefore, as a result of mixing seawater with a mixing

water, an increase in bond strength can be seen, and the
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performanceofprestressedconcretebyprestressintroduction
can be increased.
Reference Signs List
[0119]
1: Prestressed concrete
2: Tensional material

3: Latticed bar
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CLAIMS

1. Amethodforproducing prestressed concrete, comprising
introducing mechanical stress by a tensional material and
chemical stress by an expansive material,

characterized in that in the production, a cement
materialexcludingaluminacementisused,andsulfateionsare
mixedwithamixingwaterinaproportionof1,000t0 5,000 ppm

per unit mass of the mixing water.

2. Themethodforproducing prestressed concrete according
toclaim 1, wherein seawater isused asthe sulfateions mixed

with the mixing water.

3. Themethodforproducing prestressed concreteaccording
to claim 1 or 2, wherein the tensional material is a

rust-resistant wire.

4. Themethodforproducing prestressed concreteaccording
toclaimlor2,whereinthetensionalmaterialisacontinuous

fiber-reinforcing wire.

5. Themethodforproducing prestressed concrete according
to claim 4, wherein the continuous fiber reinforcing wire is

a reinforced fiber wire including one or more kinds of fiber
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selected from a metal fiber, a aramid fiber, a carbon fiber,

a glass fiber, and a poly-p-phenylenebenzobisoxazole fiber.

6. Themethodforproducing prestressed concrete according
toanyoneofclaimltoclaim5,whereintheexpansivematerial

is a mixture of one or more kinds selected from a lime-based
expansivematerialsuchasquicklime,acalciumsulfoaluminate,

an ettringite-based expansive material, an ettringite-lime
composite-based expansive material, an iron powder-based
expansive material, a magnesium-based expansive material, an
aluminum powder-based expansive material, a shale-based

expansive material, and a silica-based expansive material.

7. Themethodforproducing prestressed concreteaccording
toany one of claim 2 to claim 6, wherein the seawater for use
asthemixingwaterisusedinanamountof50to200wt%relative

to the total weight of the mixing water.

8. Themethodforproducing prestressed concreteaccording
toanyoneofclaim2toclaim7,whereinsulfateionscontained
intheseawaterarecontainedinaproportionof1,500t0 3,000

ppm per unit mass of the seawater.

9. Themethodforproducing prestressed concreteaccording

toany one of claim 2 to claim 8, wherein the seawater for use
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asamixingwaterisseawaterfromwhichchlorineionshavebeen

removed.

10. Themethodforproducingprestressedconcreteaccording
to any one of claim 1 to claim 9, wherein a discontinuous
fiber-reinforcing material has beenincorporated at atime of

concrete placement.

11. Themethodforproducing prestressed concreteaccording
to claim 10, wherein the discontinuous fiber-reinforcing
material is areinforced fiber material including one or more

kinds of fiber selected from a metal fiber, a carbon fiber,

a glass fiber and a resin fiber.
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