
1 Description *159159* Cement Clinker and Cement Containing the Cement
Clinker Technical Field The present invention relates to cement clinker and
cement containing  05 the cement clinker, and more particularly to an
improvement in cement for use  in concrete of high strength and high
flowability, mass concrete, shrinkage  compensating concrete or concrete of
high resistibility which are employed in  the field of engineering and
architecture or as building material through  incremental launching method
or wet formation of cement slurry. 10 Background Art Accompanying promotion
of rationalization and energy saving in the  field of construction and
working techniques in these years, needs for cement of  large variety and
complexity are increasing, and such cement is being applied  to concrete of
high strength and high flowability for use in high-rise reinforced 15
concrete buildings or buildings of concrete filled steel tubular column
(CFT).  Such cement is also applied to so-called mass concrete for use in
concrete dams  or concrete buildings of large sized members. In order to
obtain concrete of high strength, the water cement ratio is  required to be
decreased which results in an increase in viscosity of the 20 concrete and
a loss in flowability which in turn leads to a drawback in that the
workability may be degraded, for instance, the pumpability may be degraded.
Further, a decrease in water cement ratio results in an increase in the
amount of cement and thus causes an increase in calorific value at the time
of  hydration reaction, whereby a drawback is presented in that the
strength 25 development of the structure decreases by the effect of thermal
hysteresis of  high temperature. Due to these drawbacks, it is generally
the case that normal portland  cement can only be used at a specified
concrete strength of not more than 45  *G00001* 2 N/mm2 when employed for
constructing high-rise reinforced concrete buildings  



or CFT buildings. In other words, in order to achieve a specified concrete
strength of approximately 60 N/mm2, the water cement ratio needs to be
decreased to approximately 30%, which, however, results in a remarkably
high 05 viscosity of concrete and a loss in flowability so that the
pumpability may be  degraded. Further, when using blended cement, the
viscosity of concrete becomes  lower than that of normal portland cement
when both are prepared employing  the same water cement ratio. However,
since the strength development of the  10 blended cement is inferior to
that of normal portland cement, to obtain equivalent strength, it is
required to set a lower water cement ratio for the  blended cement than
that of normal portland cement. This, in turn, results in  an increase in
viscosity of concrete with no sufficient flowability being  maintained.
Consequently, such blended cement can be used to obtain only a 15 level of
strength equivalent to that of normal portland cement. In contrast to that,
when using low-heat portland cement, the viscosity  of concrete becomes
lower than that of normal portland cement when both are  prepared employing
the same water cement ratio, and their strength  developments are equal to
each other. Thus, it is capable to pump the low 20 heat portland cement by
a pump in a strength region being higher than that of  normal portland
cement, and more particularly, at a specified concrete  strength of up to
approximately 60 N/mm2. The use of low-heat portland cement is desirable
also in view of the  decrease in the calorific value of hydration. 25
However, even by employing low-heat portland cement, the viscosity  can
still not be sufficiently decreased, and when the specified concrete
strength  is set to be as high as approximately 80 N/mm2 (approximately 25
% in a water  cement ratio), its viscosity is remarkably increased.
Therefore, it can not be  pumped by using a general pump and types of pumps
and conditions for the 30 pumping are limited. Low-heat portland cement
presents an additional drawback in that its 3 initial strength is lower
than those of normal portland cement or blast-furnace  slag cement. In
order to solve this drawback, measures are taken in that the  fineness as
well as the amount of contained SO3 are increased for the purpose  of
improving the initial strength. 



05 However, while an increase in the fineness and the amount of SOS
contributes to improvements in strength, it simultaneously results in a
drawback of increasing the calorific value of hydration and of decreasing
the  flowability of cement. In any case, in order to further improve cement
of high strength and  10 high flowability in strength, it is required to
improve the flowability of the  whole binder including cement, to further
decrease the unit water content  while maintaining the flowability of
concrete, or to restrict the calorific value of  hydration of the whole
binder including cement to improve the strength  development of the binder.
15 However, flowability and strength are essentially conflicting with each
other, and there exists a relationship between these that if one is
improved, the  other is degraded. Therefore, it is not easy to solve these
two subjects simultaneously. In addition, it is difficult to achieve an
additional subject of  decreasing the calorific value of hydration, and it
had not been possible by the  20 prior art to solve all of these subjects.
It should be noted that various types of concrete of high flowability and
high strength are being used in these years, and while these kinds of
concrete  exhibit superior characteristics, they also present a drawback in
that they  increase the autogenious shrinkage (phenomenon in which a
volumetric 25 decrease occurs after initial setting of cement by the
hydration reaction)  thereof. On the other hand, in case of a concrete
member having a large  sectional area, the heat of hydration of the cement
member is accumulated in  the proximity of its center to result in a rise
of internal temperature. During 30 its temperature rising process or
cooling process, a considerable temperature  difference occurs between the
exterior (portions coming into contact with open 4 air) and interior of the
placed concrete and causes partial strains, whereby so- called thermal
cracks are apt to occur. In case such thermal cracks are likely to occur,
it needs to be treated as  mass concrete in terms of design and working. 05
While there are various methods of preventing thermal cracks in mass
concrete, the use of cement of low calorific value is considered to be most
effective and economical. 



An example of such cement of low calorific value is blended cement in
which ground granulated of blast-furnace slag and/or fly ash are admixed to
10 portland cement by huge amounts. However, this blended cement presents a
drawback in that the appearance of initial strength is small and thus
results in  delays in removal of forms or in inferiority in view of
resistibility. Low-heat portland cement is employed in order to solve these
problems,  but since such low-heat portland cement is still not capable of
sufficiently 15 decreasing the calorific value, it can not exhibit
satisfactory effects in  preventing thermal cracks. The problem of
autogenious shrinkage does also apply to mass concrete.  That is, instances
are reported in which cracks occurred which can not be  simply explained by
the reason accompanying the above described 20 temperature differences, and
it is pointed out that it is possible that  autogenious shrinkage largely
influences the occurrence of such cracks. Disclosure of Invention 25 It is
an object of the present invention to solve the problem of  preventing heat
of hydration simultaneously with improving the flowability of  cement and
maintaining a long-term strength thereof in order to further  improve
concrete of high strength and high flowability in strength. It is another
object of the present invention to provide cement for  concrete of high
strength and high flowability that exhibits high flowability  and low
viscosity at low water cement ratio, high strength development even 5 after
receiving thermal hysteresis, and a low amount of autogenious  shrinkage.
It is still another object of the present invention to provide cement for
mass concrete that exhibits superior effects of preventing cracks owing to
05 thermal cracks and autogenious shrinkage. In order to achieve these
objects, the present invention is characterized  in that the amount of
A1203 and Fe2O3 contained in cement clinker are set to be  0.05 to 0.62 by
A1203/Fe2O3 ratio. It is known that 3CaO  A1203 (hereinafter referred to as
"C3A") in  10 cement exhibits high hydration reactivity, high heat of
hydration and large  autogenious shrinkage amounts. Therefore, when
manufacturing moderate  



heat portland cement or low-heat portland cement, the amount of contained
C3A is decreased to approximately 2 to 4 % by weight as compared with 9 %
by  weight contained in normal portland cement. 15 The only interstitial
material calculated by the Bogue calculation when  A1203/Fe2O3 ratio
(hereinafter referred to as "IM" of the cement clinker is  approximately
0.62 is ferrite (C:}AF), and no C3A is calculated on estimatory  basis. By
further decreasing IM, the interstitial material changes to ferrite of  20
C6AF2 composition and further to that of C2F composition. By omitting C3A
which exhibits high hydration reactivity, high calorific  value of
hydration, high adsorption amount to chemical admixture when  employed as
concrete as well as largest amount of autogenious shrinkage, it is
possible to improve the flowability and to decrease the amount of the 25
autogenious shrinkage. As a further advantage, accompanying the change of
the ferrite  composition from C4AF to C6AF2 by the decrease of IM, cement
decreases in the  heat of hydration and improves in the flowability
thereof. Since C4AF has an amount of autogenious shrinkage second as large
as  30 that of C3A, and the autogenious shrinkage of C6AF2 is relatively
small, the  amount of autogenious shrinkage is further decreased by the
above changes in 6 composition.  It has become apparent by the present
invention that changes in ferrite composition by decreasing IM in the
cement clinker is a more effective measure  to solve the subjects than
obtained by the effect of simply omitting C3A. 05 It should be noted the
elongation of compressive strength of mortar is  insufficient in case the
interstitial material is ferrite of C2F composition (IM: in  the proximity
of 0), so that the lower limit value of IM has been set to 0.05.  Possible
reasons for this are influences on 2CaO  SiO2 (hereinafter referred to  as
"C2S") due to changes in solid solution rate of minor elements and also
large 10 sized crystals of C2S owing to a decrease in A1203 amount in the
cement clinker  whereby C2S is hard to be ground during the grinding
process to cement. In the present invention, it is preferable to set the
amount of contained  C2S to 35 to 75 % by weight. When the amount of C2S
contained in the cement clinker is less than  



15 35 % by weight, the amount of contained C3S relatively increases,
whereby the  heat of concrete increases, the strength development after
receiving thermal  hysteresis decreases, and the strength per amount of
adiabatic temperature  rise (strength per rise of adiabatic temperature by
1 C) of concrete does not  become large than compared to that of low-heat
portland cement. 20 On the other hand, when the amount of C2S exceeds 75 %
by weight,  the strength development speed is delayed, and the specified
strength can not  be obtained. Further, the strength per amount of
adiabatic temperature rise  of concrete does not become larger than that of
low-heat portland cement. The strength per amount of adiabatic temperature
rise for concrete is  25 employed as an index of resistibility of concrete
against thermal cracks. The resistibility of concrete against thermal
cracks becomes larger  when the ratio of tensile strength to thermal stress
of concrete becomes larger.  That is, the resistibility against thermal
cracks becomes larger when the thermal stress becomes smaller, provided
that the strength is identical,  30 and when the tensile strength becomes
larger, provided that the thermal  stresses are identical. 7 When
conditions for building are identical, the developmental stress  becomes
larger when the calorific value of concrete becomes larger. While detailed
evaluation of resistibility of concrete against thermal  cracks needs to be
performed by thermal stress analysis employing, for 0 5 instance, the
finite element method; but when comparing the resistibility of  concrete
itself against thermal cracks, the strength (compression) per rise of
adiabatic temperature by 1 'C is simply employed as an index. The reason
for this is that tensile strength and compressive strength  are correlated
to each other. 10 It is further possible in the present invention to
include 2 to 25 % by  weight of fly ash of a particles size not more than
20 [tm in a cement compound  containing a cement clinker in which the
amount of A1203 and Fe203 are 0.05  to 0.62 in A1203/Fe2O3 ratio. The
reason why the particle size of fly ash, if ever included, should not  15
be more than 20 [tm is that fly ash of a particle size of not more than 20
jAm can  be filled between cement particles whereby the flowability
improves without  increasing the viscosity due to filler effect. 



The reason for setting the admixing amount of fly ash to 2 to 25 % by
weight is that no sufficient filler effect can be obtained in case this
mixing  20 amount of fly ash is less than 2 % by weight; on the other hand,
the strength development speed is delayed so that no specified strength can
be obtained in  case this amount exceeds 25 % by weight. Further, it is
also possible to admix, instead of fly ash, 10 to 60 % by  weight of ground
granulated of blast-furnace slag whose specific surface area  25 by blaine
is 5,000 to 10,000 CM2/g. When the specific surface area by blaine of the
blast-furnace slag  powder is not less than 5,000 CM2/g, the blast-furnace
slag is filled between the  cement particles whereby the flowability
improves without increasing the  viscosity due to the filler effect. On the
other hand, when it exceeds 10,000 30 CM2/g, the amount of dispersing agent
used for obtaining a specified  workability of concrete is considerably
increased and is thus uneconomical. 8 When the admixing amount of
blast-furnace slag powder is less than  10 % by weight, no sufficient
filler effect can be obtained, and the strength  development speed is
delayed so that no specified strength can be obtained  when this amount
exceeds 60 % by weight. 05 It is also possible to include dispersing agent
in the present invention.  Dispersing agent is used for the purpose of
securing the flowability by  dispersing cement particles at low water
cement ratios so as to decrease the  yield value of the cement paste. The
composition of the dispersing agent is  not especially limited, provided
that it is capable of dispersing cement particles, 10 and any commercially
available high-range water reducing agents or high- range AE water reducing
agents may be employed. When applying the cement of the present invention
to concrete of high  strength and high flowability, the admixing proportion
of cement, water,  aggregates and dispersing agents are not especially
limited. However, it is 15 most effective when the cement of the present
invention is applied to concrete  of high strength and high flowability
having a water cement ratio not more  than approximately 30% at which the
viscosity of concrete remarkably  increases. As discussed so far, since the
clinker composition has been set to be 20 0.05 to 0.62 by A12O3/Fe2O3
ratio, the present invention has made it possible to  



solve the problem of preventing heat of hydration while improving the
flowability of cement and maintaining a long-term strength thereof which
the  prior art was not capable of solving. Consequently, conventional
problems of  low-heat portland cement and problems which occurred when
adding, for 25 instance, fly ash can be solved, and there can be provided a
clinker composition  suitable for concrete of high strength and high
flowability. Further, there can be obtained concrete of high strength and
high  flowability which exhibits high flowability and low viscosity at low
water  cement ratio and which also exhibits high strength development even
after  30 receiving thermal hysteresis. Accordingly, it becomes possible to
work with concrete of high strength 9 and high flowability with a specified
concrete strength of approximately 80  N/mm2 without the limitations in
types of pumps or pumping conditions. In  addition, there are no
restrictions for aggregates capable of being used.  Whereby, concrete of
high strength and high flowability can easily be 05 manufactured. The
amount of autogenious shrinkage can also be decreased, with the  result
that the occurrence of cracks accompanying the autogenious shrinkage  can
be prevented, and the resistibility can be improved. Thus, functions of
concrete of high strength and high flowability can be highly promoted. 10
Further, resistibility against thermal cracks in mass concrete  structures
is improved, with the result that it becomes possible to decrease the
amount of any other measures for preventing thermal cracks which had been
generally used in a combining manner. Whereby, thermal cracks can be
decreased in an economical way. 15 Brief Description of Drawings Fig. 1 is
a graph showing a relation between IM and heat of  hydration/compressive
strength of mortar (C3S approximately 15 % by weight). Fig. 2 is a graph
showing a relation between IM and heat of  hydration/compressive strength
of mortar (C3S approximately 35 % by weight).  20 Fig. 3 is a graph showing
a relation between IM and heat of hydration/compressive strength of mortar
(C3S approximately 55 % by weight).  Fig. 4 is a graph showing a relation
between IM and mortar flow (C3S  approximately 15 % by weight). 



Fig. 5 is a graph showing a relation between IM and pad area (C3S  25
approximately 15 % by weight). Fig. 6 is a graph showing a relation between
IM and mortar flow (C3S  approximately 35 % by weight). Fig. 7 is a graph
showing a relation between IM and pad area (C3S  approximately 35 % by
weight). 10 Fig. 8 is a graph showing a relation between IM and mortar flow
(C3S  approximately 55 % by weight). Fig. 9 is a graph showing a relation
between IM and pad area (C3S  approximately 55 % by weight). 05 Fig. 10 is
a graph showing measured results of autogenious shrinkage  amounts. Best
Mode for Carrying Out the Invention Embodiments of the present invention
will be explained hereinafter.  (Test Example 1) 10 Crude materials of
cement clinker were admixed by using a test  specimen, fired within an
electric furnace at 1,450 C for 1 hour, taken out  from the electric
furnace and rapidly cooled in open air, whereby clinker  having
compositions of Embodiments 1 to 12 and clinker having compositions  of
Comparative Examples 1 to 9 have been obtained as shown in Tables 1 to 3.
11 Table 1 Chemical Composition of Clinker (% by weight) S i 02A '2 0 3F e
203C a OMgON a 20 Comparative Example 128.04.22.463.51.00.38 Comparative
Example 227.63.83.563.41.00.36 Embodiment 128.02.94.762.71.00.40 Embodiment
227.92.35.462.51.00.42 Embodiment 327.91.36.862.31.00.38 Embodiment
427.70.57.962.01.00.40 Comparative Example 327.80.18.361.71.00.52 



Table 2 Chemical Composition of Clinker (% by weight) S
i02A1203Fe2O3CaOMgONa2O Comparative Example 425.44.72.765.01.20.40
Comparative Example 525.34.04.064.41.20.39 Embodiment
525.53.25.263.91.20.38 Embodiment 625.52.66.063.71.20.41 Embodiment
725.51.57.563.31.20.42 Embodiment 825.40.58.963.01.20.37 Comparative
Example 625.50.29.362.91.20.43 12 Table 3 Chemical Composition of Clinker
(% by weight) S i 02A 1 2 0 3F e 203C a 0MgON a 20 Comparative Example
723.55.12.966.31.30.36 Comparative Example 823.64.24.365.71.30.42
Embodiment 923.73.35.465.31.30.38 Embodiment 1023.82.76.265.11.30.40
Embodiment 1123.71.77.664.81.30.43 Embodiment 1223.70.69.064.31.30.38
Comparative Example 923.50.29.664.51.30.41 05 To the clinker having
compositions of Embodiments 1 to 12 and  Comparative Examples 1 to 9,
gypsum was added by an amount of 2 % by  weight by S03 conversion, and by
mixing and crushing by using a test mill, 21  types of cement having
different C3S amounts and IM were adjusted. Their mineral compositions are
shown in Tables 4 to 6. Table 4 Mineral Composition 



IM by weight) C 3 SC2S Comparative 14701.75 Example 1 Comparative 18661.09
Example 2 Embodiment 116680.62 Embodiment 217670.43 Embodiment 316680.19
Embodiment 417670.06 Comparative 16 680.01 Example 3F1 13 Table 5 Mineral
Composition (% by wei ht)IM  C 3 SC 2 S Comparative36461 74 Example 4.
Comparative37441 00 Example 5. Embodiment 537450. 62 Embodiment 637450. 43
Embodiment 736460. 20 Embodiment 836460. 06 Comparative35470 02 



Exam le 6. Table 6 Mineral Composition (% by wei ht)IM C 3 SCIS
Comparative53271 76 Example 7. Comparative54270 98 Example 8. Embodiment
955260. 61 Embodiment 1054270. 44 Embodiment 1154270. 22 Embodiment
1253280. 07 Comparative5 6250 02 Example 9. 05 The fineness of cement has
been set to 2,900 to 3,000 cm2/g at specific  surface area by blaine. The
heat of hydration and compressive strength of mortar have been 14 measured
for each of the clinker of Embodiments 1 to 12 and Comparative  Examples 1
to 9, and their ratios have been calculated. Measuring of heat of hydration
has been performed in compliance with  JIS R5203-1995. 05 Measuring of
compressive strength of mortar has been performed in  compliance with JIS
R5201-1992. The measured results are shown in Tables 7 to 9. Table 7 Heat
of HydrationCompressive StrengthHeat of Hydration/ (J/g)of
MortarCompressive Strength of Mortar 1W4W13WlY1W4W13WlY1W4W13WlY 



Comparative Example 11762523073344. 718.636. 843. 837.413.58.37. 6
Comparative Example 21722302853234.215. 237. 344. 041.015.17. 67. 3
Embodiment 11642272833153. 816.538. 744. 843. 213.87. 37. 0 Embodiment
21462182602984. 515.236. 443. 632.414.37. 16. 8 Embodiment 31392002402844.
614.735.543.430.213.66. 86. 5 Embodiment 41361922282754. 513. 533. 640.
530. 214. 26. 86. 8 Comparative Example 31391892222704. 211.325.334.433.
116. 78. 87. 8 15 Table 8 Heat of HydrationCompressive StrengthHeat of
Hydration/ (J/g)of MortarCompressive Strength of Mortar
1W4W13W1Y1W4W13WlY1W4W13WIY Comparative 2192733413588.327. 343.846.
926.410.07. 87. 6 Example 4 Comparative1982643353487. 425. 643. 347 26 10 7
7 28374 Example 5..... Embodiment 5186259 11 3183347. 125.
142.546.826.210.37.57. 1 Embodiment 61722463013186. 724.841.945.825.79.97.
26. 9 Embodiment 71582312792996. 524. 340. 944. 324. 39. 56. 86. 7
Embodiment 81522282712986. 323. 339. 243. 724. 19. 86. 96. 8 Comparative
1482232652956. 021. 234. 538. 624. 710. 57. 77. 6 Example 6 Table 9 Heat of
HydrationCompressive StrengthHeat of Hydration/ 



(J/g)of MortarCompressive Strength of Mortar 1W4W13W1Y1W4W13WlY1W4W13W1Y
Comparative 35140543044122. 741. 345. 948. 215. 59.89.49. 1 Example 7
Comparative33539041843221.840. 245 49 15 9 9 8 714718 Example 8......
Embodiment 931837541141821.739.646.048.914.79. 58. 98. 5 Embodiment
1030835638839921. 038. 344. 848. 514. 79. 38. 78. 2 Embodiment
1128534336938320.637.943.947.313.89. 18. 48. 1 Embodiment
1227933535937119.836. 342. 845. 314. 19. 28. 48. 2
Comparative26332834735917.533.738 40 15 7 9 8 530909 Example 9...... 05 As
being apparent also from Tables 7 to 9, the ratio of heat of
hydration/compressive strength of mortar is smaller in Embodiments 1 to 12
as 16 compared to those of Comparative Example 1 to 9, and effects of
preventing  heat of hydration could be recognized. Especially the ratio of
heat of hydration/ compressive strength of  mortar of materials aged 13
weeks and 1 year are smaller with IM in the range  05 of 0.05 to 0.62 in
each of the cases in which the amount of C3S were approximately 15 % by
weight, approximately 35 % by weight and  



approximately 55 % by weight, as shown in Figs. 1 to 3. Further, the flow
and pad area have been measured for Embodiments 1  to 12 and Comparative
Examples 1 to 9. 10 (Method of Measuring Pad Area) 200 g of cement was
invested in approximately 10 seconds into a 200  ml beaker with 70 ml of
mulling water containing a water reducing agent,  intensely stirred for 1
minute 50 seconds with a hand mixer to adjust a paste. This paste was
poured by means of a spoon into a miniature slump 15 cone placed on a
plastic plate, and the paste in the miniature slump cone was  well stirred
by means of a micro-spatula and its surface was leveled. The  miniature
slump cone was then raised after 3 minutes elapsed from the start of
investing cement. The short diameter and long diameter of the paste
extending over the  20 plastic plate was measured to calculate the pad
area. (Method of Measuring Flow) Measuring of flow values was performed in
compliance with JIS  R5201-1992. That is, a sample was filled in a
two-layered manner into a flow cone  25 correctly placed on a central
position of a surface of a flow table that has been  well wiped with a dry
cloth. Each layer was respectively rammed by 15 times  over the whole
surface such that the tip portion of a rammer was put into  approximately
half the depth of the layer, the defective amount supplemented  thereafter,
and the surface leveled. 17 After filling, the flow cone was removed
upwardly, subjected to  dropping by 15 times in 15 seconds, and the
diameter after the expansion of  the sample was measured in a direction
which was recognized to be maximum  and a direction orthogonal thereto, and
an average value thereof was 05 expressed by an integral number by units of
mm to be set as the flow value.  The measured results are shown in Tables
10 to 12. Table 10 Flow (mm)Pad Area (cm2) Comparative 2 5 441 



Example 1 Comparative 2 5 347 Example 2 Embodiment 12 6 86 5 Embodiment 12
7 08 0 Embodiment 12 7 28 9 Embodiment 12 7 09 2 Comparative 2 6 58 4
Example 3 Table 11 10 Flow (mm)P (dmea Comparative 25043 Example 4
Comparative 2535 0 Example 5 Embodiment 52706 6 Embodiment 62737 7
Embodiment 72758 3 Embodiment 82758 7 Comparative 2678 3 Example 6 I THIS
SHEET HAS BEEN  { REPLACED THIS SHEET HAS SEEN  j REPLACED 18 Table 12 Flow
(mm)Pad Area (cm_) 



Comparative 25 538 Example 4 Comparative 25 845 Example 5 Embodiment 526462
Embodiment 627 575 Embodiment 727 781 Embodiment 827 388 Comparative 26 585
Example 9 Table 10 shows results of Embodiments 1 to 4 and Comparative
Example 1 to 3, that is, belite cement in which the amount of contained C3S
is  05 approximately 15 % by weight. In the region of IM being 0.05 to
0.62, both the mortar flow and pad  area became large. This is more
accurately shown in Figs. 4 and 5.  Especially the pad area which is used
as an index of flowability when containing a chemical admixture remarkably
increased in the proximity of IM  10 being 0.62. Thus, remarkable
differences could be seen in Embodiments 1 to  4 and Comparative Examples 1
and 2. Further, Table 11 shows results of Embodiments 5 to 8 and
Comparative Examples 4 to 6, that is, low-heat to moderate heat type cement
in which the amount of contained C3S is approximately 35 % by weight. 15
Also in the results of Table 11 (the amount of contained C3S being
approximately 35 % by weight), both the mortar flow and pad area became
larger when IM were in the region of 0.05 to 0.62 as shown in Figs. 6 and
7,  and especially the pad area remarkably increased when IM was in the
proximity of 0.62. Thus, remarkable differences could be seen between  20
Embodiments 5 to 8 and Comparative Examples 4 and 5. Results of normal
cement type with the amount of contained C3S being 19 approximately 55 % by
weight are shown in Embodiments 9 to 12 and  Comparative Examples 7 to 9 in
Table 12. 



Also in the results of Table 12 (the amount of contained C3S being
approximately 55 % by weight), both the mortar flow and pad area became  05
larger when IM were in the region of 0.05 to 0.62 as shown in Figs. 8 and
9,  and especially the pad area remarkably increased when IM was in the
proximity of 0.62. Thus, remarkable differences could be seen between
Embodiments 9 to 12 and Comparative Examples 7 and 8. (Test Example 2) 10
By using a material including cement, fine aggregate, coarse aggregate,
chemical admixture and water, concrete of water cement ratios of 30%, 25%,
and 20% as well as unit water content of 175 kg/m3 were mixed by using a
forced mixer with double shafts, its apparent viscosity was measured
through  two-point method by employing a rotary viscometer, and its
compressive 15 strength was measured in compliance with JIS A 1108. The
amount of the autogenious shrinkage for concrete of a water  cement ratio
of 30%, unit water content of 175 kg/m3 and unit cement content  580 kg/m3
was measured through "autogenious shrinkage and self-expansion  testing
method for cement paste, mortar and concrete (draft)" by the Japan  20
Concrete Institute (Corporate Body). The cement in the material used was
prepared by adding 1 % of  gypsum by SO3 conversion to 7 sorts of clinker
whose mineral compositions are  shown in Table 13 (Embodiments 13 to 16 and
Comparative Examples 10 to  12) and crushing the same. 25 As for the
fineness of cement, it was set to 3,100 to 3,300 CM2/g by  specific surface
area by blaine. As for the fine aggregate, river sand from Yasu-river
having a specific  gravity of 2.59 was used. As for the coarse aggregate,
crushed stone from Takatsuki having a  30 specific gravity of 2.70 was
used. 20 As for the dispersing agent, FP300UB (manufactured by FPK) which
is  a high-range AE water reducing agent was used, and the amount of
addition  was set to an amount at which the slump flow value of concrete
was 605 cm. As for the water, city water was used. 05 The test results are
shown in Table 13 and Fig. 10. As being apparent also from Table 13, in
cases of Comparative  



Examples 10 and 11 in which IM exceeded 0.62, the decrease of apparent
viscosity was insufficient, but it could be seen that the apparent
viscosity  remarkably decreased in Embodiments 13 to 16 and Comparative
Example 12 10 in which IM was not more than 0.62. On the other hand, it has
been found that, in the Comparative  Example 3 in which IM was less than
0.06, the strength development was poor.  Further, as being apparent from
Fig. 10, in the case of Comparative Examples 10 and 11 in which IM exceeded
0.62, the autogenious shrinkage  15 was remarkable, but it has been found
that, in each of the remaining  Embodiments in which IM was not more than
0.62, the amount of the  autogenious shrinkage was remarkably decreased. 21
Table 13 MineralAp parentCompressive W/ CCompositionIMViscosityStrength M(%
by weight)(N/mm2) k    i  f - (  g  cm  m  n) C3SC2S28 days91days
Comparative 36461.741. 7680.196. 5 



Example 10 Comparative 37441.001.4378.894.1 Example 11 Embodiment 1337450.
620. 6676. 592. 3 30Embodiment 1437450. 430. 5975. 991. 9 Embodiment
1536460. 200. 6176. 191. 6 Embodiment 1636460. 050. 6275. 590. 9
Comparative 35470. 020. 7871. 283. 4 Example 12 Comparative 36461. 742.
4695. 3112 Example 10 Comparative 37441. 001. 9892. 6109 Example 11
Embodiment 1337450. 621. 2491. 7107 25Embodiment 1437450. 431. 2190. 6106
Embodiment 1536460. 201. 1990.4106 Embodiment 1636460. 051. 0689.9105
Comparative 35470. 021. 2781. 694. 4 Example 12 Comparative 36461.
74immeasurable113132 Example 10 Comparative 37441. 00immeasurable108127
Example 11 Embodiment 1337450. 622. 57104125 20Embodiment 1437450. 432.
46103124 Embodiment 1536460. 202. 41103122 Embodiment 1636460. 052.
42102122 Comparative35470. 022 



88 97 9842 Exam le 12... 22 (Test Example 3) By using a material including
cement, fine aggregate, coarse aggregate,  chemical admixture and water,
concrete of a water cement ratio of 25% and  unit water content of 175
kg/m3 was mixed by using a forced mixer with double 05 shafts, and its
compressive strength was measured in compliance with JIS A  1108. As for
the cement in the material used, 1 % of gypsum by SO3  conversion was added
to 5 sorts of clinker whose mineral compositions are  shown in Table 14
(Embodiments 17 to 19 and Comparative Examples 13 and  10 14) and crushing
the same. As for the fineness of cement, it was set to 3,100 to 3,300 cm2/g
by  specific surface area by blaine. As for the fine aggregate, river sand
from Yasu-river having a specific  gravity of 2.59 was used. 15 As for the
coarse aggregate, crushed stone from Takatsuki having a  specific gravity
of 2.70 was used. As for the dispersing agent, "Mighty 3000S" (manufactured
by Kao  Corporation) which is a high-range AE water reducing agent was
used, and the  amount of addition was set to an amount at which the slump
flow value of 20 concrete was 605 cm. As for the water, city water was
used. Two types of curing condition of the test specimen for the
compressive  strength testing were prepared; a standard curing in water of
20 C, and a  simplified adiabatic curing for confirming the strength after
receiving thermal 2 5 hysteresis in which the test specimen was laid into a
styrol foam vessel of 10  cm in thickness, whose space was filled with
styrol foam beads. In the simplified adiabatic curing, measurement of the
concrete  temperature was also performed by using a thermocouple. Test
results are shown in Table 14. 23 



Table 14 Mineral Composition (% byCompressive Strength (N/mm2) weight)
IMMaximum Simplified Temp. (C) Standard CuringAdiabatic C 3 SC 2 SCuring 28
days91 days28 days91 days Comparative 50310.21761071199698 Example 13
Embodiment 1746360. 206799116101121 Embodiment 1836460. 19609111196.7123
Embodiment 1918640. 20418511891. 2127 Comparative 11700.2135629383. 597
Example 14 As being apparent also from Table 14, there were caused no
problems  in the case of Embodiments 17 to 19 and Comparative Example 14 in
which 05 the amount of contained 2CaO  Si02 was not less than 35 % by
weight, but in  the Comparative Example 13 in which this amount was less
than 35 % by  weight, the amount of contained 3CaO  Si02 was relatively
increased, and it  has been found that the strength development after
receiving thermal  hysteresis is decreased. 10 On the other hand, in the
case of Comparative Example 14 in which the  amount of contained 2CaO  Si02
exceeded 65 % by weight, the strength  development speed was remarkably
delayed. (Test Example 4) By using a material including cement, fine
aggregate, coarse aggregate,  15 chemical admixture and water, concrete of
a water cement ratio of 50%, a unit  water content of 175 kg/m3, and unit
cement content of 350 kg/m3 was mixed  by using a forced mixer with double
shafts, the amount of adiabatic  



temperature rise thereof was measured by using an air-circulating type 24
adiabatic temperature rising test apparatus, and its compressive strength
was  measured in compliance with JIS A 1108. As for the cement in the
material used, 1 % of gypsum by SO3  conversion was added to 7 sorts of
clinker whose mineral compositions are  05 shown in Table 15 (Embodiments
20 to 23 and Comparative Examples 15 to  17) and crushing the same. As for
the fineness of cement, it was set to 3,100 to 3,300 cm2/g by  specific
surface area by blaine. As for the fine aggregate, river sand from
Yasu-river having a specific  10 gravity of 2.59 was used. As for the
coarse aggregate, crushed stone from Takatsuki having a  specific gravity
of 2.70 was used. As for the dispersing agent, "POZOLIS No.70"
(manufactured by NMB)  which is a high-range AE water reducing agent was
used, and the amount of  15 addition was set to be 0.25 % by weight to the
amount of concrete. As for the water, city water was used.  Test results
are shown in Table 15. As being apparent also from Table 15, in cases of
Embodiments 20 to  23 in which IM was not less than 0.05 and not more than
0.62, it has been 20 found that the decrease of IM did not influence the
strength development, that  the amount of adiabatic temperature rise
decreased, and that the strength per  amount of adiabatic temperature rise
became larger. In contrast, in the case of Comparative Example 17 in which
IM was  less than 0.05, the strength development decreased and thus
resulted in a 25 decrease in the strength per amount of adiabatic
temperature rise when using  materials up to the age of 28 days. On the
other hand, in the cases of Comparative Examples 15 and 16 in  which IM
exceeded 0.62, the strength per amount of adiabatic temperature rise
became larger. THIS SHEET HAS BEEN  I REPLACED 25 Table 15 



MineralCompressiveStrength per CompositionAmount ofStrengthAmount of (/o by
weight) IMAdiabatic(N/mm2)Adiabatic Temp. (% temp. RiseRise (N/mm2/ C)
CSC2S(CC)7289172891 daysdaysdaysdaysdaysdays Comparative 36461.7450. 315.
533. 250.80.310. 661.01 Example 15 Comparative 37441.0049. 815. 333. 651.
60.310. 671.04 Example 16 Embodiment 2037450.6247. 215. 133.952.30. 320.
721. 11 Embodiment 2137450.4346. 915. 134. 152.60. 320. 731. 12 Embodiment
2236460.2046. 214.934.052. 20.320.741. 13 Embodiment 2336460.0546. 014.
834. 453. 10. 320. 751. 15 Comparative 35470.0245.712. 630. 850. 10. 280.
671. 10 Example 17 (Test Example 5) By using a material including cement,
fine aggregate, coarse aggregate,  05 chemical admixture and water,
concrete of a water cement ratio of 50%, a unit  water content of 175
kg/m3, and a unit cement content of 350 kg/m3 was mixed  by using a forced
mixer with double shafts, the amount of adiabatic temperature rise thereof
was measured using an air-circulating type adiabatic  temperature rising
test apparatus, and its compressive strength was measured  10 in compliance
with JIS A 1108. As for the cement in the material used, 1 % of gypsum by
SO3  conversion was added to 5 sorts of clinker whose mineral compositions
are  shown in Table 16 (Embodiments 24 to 26 and Comparative Examples 18
and  19) and crushing the same. 15 As for the fineness of cement, it was
set to 3,100 to 3,300 cm2/g by  



specific surface area by blaine. As for the fine aggregate, river sand from
Yasu-river having a specific  gravity of 2.59 was used. 26 As for the
coarse aggregate, crushed stone from Takatsuki having a  specific gravity
of 2.70 was used. As for the dispersing agent, "POZOLIS No.70"
(manufactured by NMB)  which is an AE water reducing agent was used, and
the amount of addition 05 was set to be 0.25 % by weight to the amount of
cement.  As for the water, city water was used. Test results are shown in
Table 16. Table 16 MineralCompressiveStrength per CompositionAmount
ofStrengthAmount of (/o by weight) IMAdiabatic(N/mm-)Adiabatic Temp. (%
temp. RiseRise (N/mm-/C) C3SCZS(`C)7289172891 daysdaysdaysdaysdaysdays
Comparative 46360.2155. 218. 136.451. 10. 330. 660. 93 Example 18
Comparative 36460.2046. 214.934.052. 20. 320. 741. 13 Example 24 Embodiment
2518640.2032. 911. 132. 153.80. 340. 981. 64 Embodiment 268750.2025. 37.
829.455. 10. 311. 162. 18 Comparative 4780.2123.71. 624.850. 40. 071. 052.
13 Exam le 19 10 As being apparent also from Table 16, in the Comparative
Example 18  in which IM was 0.2 but the amount of contained 2CaO  SiO2 was
less than  45 % by weight, it has been found that the strength development
speed became  faster but also resulted in a larger amount of adiabatic
temperature rise,  



whereby the strength per amount of adiabatic temperature rise of materials
15 more than at the age of 7 days became lower. On the other hand, in the
case of Comparative Example 19 in which the  amount of contained 2CaO  SiO2
exceeded 75 % by weight, the amount of  adiabatic temperature rise became
smaller but the strength development  speed became slower, whereby it has
been found that the strength per amount 20 of adiabatic temperature rise of
materials at the age of 7 days became 27 remarkably lower. (Test Example 6)
By using a material including cement, fine aggregate, coarse aggregate,
chemical admixture and water, the amount of the autogenious shrinkage for
05 concrete with a water cement ratio of 30%, a unit water content of 175
kg/m3, and a unit cement content of 580 kg/m3 was measured through
"autogenious  shrinkage and self-expansion testing method for cement paste,
mortar and  concrete (draft)" by the Japan Concrete Institute (Corporate
Body). As for the cement in the material used, 1 % of gypsum by SO3 10
conversion was added to 7 sorts of clinker whose mineral compositions are
shown in Table 15 (Embodiments 20 to 23 and Comparative Examples 15 to  17)
and crushing the same. As for the fineness of cement, it was set to 3,100
to 3,300 cm2/g by  specific surface area by blaine. 15 As for the fine
aggregate, river sand from Yasu-river having a specific  gravity of 2.59
was used. As for the coarse aggregate, crushed stone from Takatsuki having
a  specific gravity of 2.70 was used. As for the dispersing agent, FP300UB
(manufactured by FPK) which is  20 a high-range AE water reducing agent was
used, and the amount of addition  was set to an amount at which the slump
flow value of concrete was 605 cm. As for the water, city water was used.
The test results are shown in Fig. 10. As being apparent also from Fig. 10,
it has been found that, in the case  25 of Comparative Examples 15 and 16
in which IM exceeded 0.62, the  autogenious shrinkage was remarkable, but
in each of the remaining  embodiments and Comparative Example 17 in which
IM was not more than 



0.62, the amount of the autogenious shrinkage was remarkably decreased.
However, the fact that a decrease in strength development occurs in  30 the
case of Comparative Example 17 has already been explained in the above 28
Test Example 4. (Test Example 7) By using the cement of Embodiment 15 in
which the amount of  contained C3S is 36 % by weight, the amount of
contained C2S is 46 % by  05 weight, and IM is 0.20, concrete of a water
cement ratio of 20% and a unit water content of 175 kg/m3 was mixed by
using a forced mixer with double  shafts, its apparent viscosity was
measured through two-point method by  employing a rotary viscometer, and
its compressive strength was measured in  compliance with JIS A 1108. 10 As
for the fine aggregate, river sand from Yasu-river having a specific
gravity of 2.59 was used. As for the coarse aggregate, crushed stone from
Takatsuki having a  specific gravity of 2.70 was used. As for the
dispersing agent, FP300UB (manufactured by FPK) which is  15 a high-range
AE water reducing agent was used, and the amount of addition  was set to an
amount at which the slump flow value of concrete was 605 cm. As for the
water, city water was used. As for the fly ash, the following three types
were employed.  (1) Non-classified fly ash (JIS article). 20 (2) Classified
fly ash of 30 m.  (3) Classified fly ash of 20 m. As for the ground
granulated blast-furnace slag, the following three  types were employed.
(4) Those having a specific surface area by blaine of approximately  25
4,500 cm2/g. (5) Those having a specific surface area by blaine of
approximately  5,000 cm2/g. (6) Those having a specific surface area by
blaine of approximately  10,000 cm2/g. 30 Embodiments 27 to 35 and
Comparative Examples 20 to 32 have been 29 



05 set by changing types and mixing rates of chemical admixtures. Those
containing no chemical admixtures Comparative Example 20  (Cases in which
the chemical admixture is fly ash) (1) Mixing 10% of non-classified fly
ash: Comparative Example 21  Mixing 20% of non-classified fly ash:
Comparative Example 22  (2) Mixing 10% of classified fly ash of 30 m.:
Comparative  Example 23 Mixing 20% of classified fly ash of 30 m.:
Comparative Example 24 10 (3) Mixing 1% of classified fly ash of 20 m.:
Comparative Example  25 15 Mixing 2% of classified fly ash of 20 m.:
Embodiment 27  Mixing 15% of classified fly ash of 20 m.: Embodiment 28
Mixing 25% of classified fly ash of 20 m.: Embodiment 29  Mixing 30% of
classified fly ash of 20 m. Comparative Example 26 (4) Mixing 10% of those
having a specific surface area by blaine of  approximately 4,500 cm2/g.:
Comparative Example 27 Mixing 30% of those having a specific surface area
by blaine of  20 approximately 4,500 cm2/g.: Comparative Example 28 (5)
Mixing 5% of those having a specific surface area by blaine of
approximately 5,000 cm2/g.: Comparative Example 29 Mixing 10% of those
having a specific surface area by blaine of  approximately 5,000 cm2/g.:
Embodiment 30 25 Mixing 30% of those having a specific surface area by
blaine of  approximately 5,000 cm2/g.: Embodiment 31 Mixing 60% of those
having a specific surface area by blaine of  approximately 5,000 cm2/g.:
Embodiment 32 Mixing 70% of those having a specific surface area by blaine
of  30 approximately 5,000 cm2/g.: Comparative Example 30 (6) Mixing 5% of
those having a specific surface area by blaine of 30 approximately 10,000
cm2/g.: Comparative Example 31 



Mixing 10% of those having a specific surface area by blaine of
approximately 10,000 cm2/g.: Embodiment 33 Mixing 30% of those having a
specific surface area by blaine of  05 approximately 10,000 cm2/g.:
Embodiment 34 Mixing 60% of those having a specific surface area by blaine
of  approximately 10,000 cm2/g.: Embodiment 35 Mixing 70% of those having a
specific surface area by blaine of  approximately 10,000 cm2/g.:
Comparative Example 32 10 Test results are shown in Table 17. 31 Table 17
MixingAmount ofCompressive W/CType ofRate ofUsedApparentStrength
(%)AdditiveAdditiveDispersingViscosityN/mm' (%)Agent(kgf em - min)2891 (C X
%)daysdays nilComparative01. 42 103122 41 Example 20. Comparative101 2 --
422 (1)Example 21..  Comparative201 2 -- 416 Example 22.. Comparative101 1
-- 498 



(2)Example 23..  Comparative201 1 -- 489 Example 24.. Comparative11 2 --
415 Example 25.. Embodiment21. 21 100123 24 27. (3)Embodiment1 51 . 10 9 5
121 666 28.. Embodiment251 . 10 88 117 6 27 29.. Comparative301. 10 84 108
582 Example 26.. Comparative101 1 -- 388 



2 0(4)Example 27..  Comparative301 1 -- 282 Example 28.. Comparative51 1 --
394 Example 29.. Embodiment101. 31 104126 02 30. (5)mbodiment 301. 21 99
124 E078 31.. Embodiment601. 10 88 122 867 32.. Comparative701. 10 76 106
775 Example 30.. Comparative51 1 -- 



393 Example 31.. Embodiment101.50 107130 92 33. (6)E 301. 60 104124
mbodiment83 4. Embodiment601. 60 98 117 6786 35... Comparative701. 60 75
101 893 Example 32.. 32 As being apparent also from Table 17, in cases of
Embodiments 27 to  29 in which classified fly ash of 20 m were mixed, the
apparent viscosity  remarkably decreased as compared to that of Comparative
Example 20 in  which no chemical admixtures were mixed, of Comparative
Examples 21 and 05 22 in which non-classified cement of fly ash were mixed,
and Comparative  Examples 23 and 24 in which classified fly ash of 30 jAm
were mixed.  Even in a case of mixing classified fly ash of 20 m, in the
case of Comparative Example 25 in which the mixing rate was less than 2%,
hardly no  effect of decreasing the apparent viscosity was achieved, and in
the case of 10 Comparative Example 26 in which the mixing rate exceeded
25%, the strength  development was inferior. On the other hand, when using
blast-furnace slag powder, the apparent  viscosity did not decrease in the
cases of Comparative Examples 27 and 28 in  



which the specific surface area by blaine was less than 5,000 cm2/g, but in
the 15 cases of Embodiments 30 to 32 and 33 to 35 in which the specific
surface area  by blaine was not less than 5,000 cm2/g and not more than
10,000 cm2/g, the  apparent viscosity remarkably decreased. Even in a case
of mixing blast-furnace slag powder whose specific  surface area by blaine
was not less than 5,000 cm2/g and not more than 10,000  20 cm2/g, hardly no
effect of decreasing the apparent viscosity was achieved in the  cases of
Comparative Examples 29 and 31 in which the mixing rate of the
blast-furnace slag powder was less than 10%, and strength development was
inferior in the cases of Comparative Examples 30 and 32 in which the mixing
rate of the blast-furnace slag powder exceeded 60%. 25 Further, when the
specific surface area by blaine of the blast-furnace  slag powder exceeded
10,000 cm2/g, it could be recognized a tendency in that  the amount of
high-range AE water reducing agent used as a dispersing agent  for
obtaining the equivalent slump flow rate remarkably increased. 33 (Test
Example 8) By using a material including cement, fine aggregate, coarse
aggregate,  chemical admixture and water, concrete of a water cement ratio
of 20% and a  unit water content of 175 kg/m3 was mixed by using a forced
mixer with double 05 shafts, and its compressive strength was measured in
compliance with JIS  A1108. As for the cement in the material used, 1 % of
gypsum by S03  conversion was added to 5 sorts of clinker whose mineral
compositions are  shown in Table 18 (Embodiments 36 to 40) and crushing the
same. 10 As for the fineness of cement, it was set to 3,100 to 3,300 cm2/g
by  specific surface area by blaine. As for the fine aggregate, river sand
from Yasu-river having a specific  gravity of 2.59 was used. As for the
coarse aggregate, crushed stone from Takatsuki having a  15 specific
gravity of 2.70 was used. As for the dispersing agent, "Mighty 3000S"
(manufactured by Kao  Corporation) which is a high-range AE water reducing
agent was used, and the  amount of addition was set to an amount at which
the slump flow value of  concrete was 605 cm. 



20 As for the water, city water was used. As for the chemical admixture
mixed to the cement compound, 20 m of  classified cement of fly ash was
used. Two types of curing condition of the test specimen for the
compressive  strength testing were prepared; a standard curing in water of
20 C, and a 25 simplified adiabatic curing for confirming the strength
after receiving thermal  hysteresis in which the test specimen was laid
into a styrol foam vessel of 10  cm in thickness, whose space was filled
with styrol foam beads. In the simplified adiabatic curing, measurement of
the concrete  temperature was also performed by using a thermocouple. 30
Test results are shown in Table 18. 34 Table 18 Mineral
CompositionCompressive Strength (% byMixing(N/mm2) weight)Maximum Ratio of
1MAdditiveTemp. StandardSimplified (C) C a SC , S%CuringAdiabatic Curin
28912891 daysdaysdaysdays Comparative 50310.211571112129102104 Example 36
Embodiment 3746360. 201563104126100119 Embodiment 3836460. 19155795.
612196.7124 Embodiment 3918640. 20153883. 211891.2127 Comparative
11700.21153364. 696.783.5101 Example 40 As being apparent also from Table
18, a satisfactory compressive  



strength was obtained in each of the embodiments. 05 However, when the
amount of contained 2CaO  SiO2 was less than 35 % by weight, the amount of
contained 3CaO  SiO2 relatively increased, and  it has been found that the
strength development was slightly decreased after  receiving thermal
hysteresis. Further, in cases in which the amount of contained 2CaO  5102
10 exceeded 65% by weight, the strength development speed was delayed. THIS
SHEET HAS BEEN 35  REPLACED Claims 1. Cement clinker containing A1203 and
Fe203 by 0.05 to 0.62 in  A1203/Fe2O3 ratio. 2. Cement containing a cement
clinker with A1203 and Fe203 therein  05 by 0.05 to 0.62 in A1203/Fe2O3
ratio. 3. Cement according to claim 2, wherein a 2CaO  Si02 content is
between 35 and 75 % by weight. 4. Cement according to any one of claims 2
and 3, wherein said  cement is used in mass concrete. 10 5. Cement
according to any one of claims 2 and 3, wherein said  cement is used in
concrete of high strength and high flowability. 6. Cement according to
claim 5, wherein said cement is mixed with 2  to 25 % by weight of fly ash
whose particle size is not more than 20 .m. 7. Cement according to claim 5,
wherein said cement is mixed with 10  15 to 60 % by weight of ground
granulated blast-furnace slag whose specific  surface area by blaine is
5,000 to 10,000 cm2/g. 8. Concrete of high strength and high flowability
comprising the  cement according to any one of claims 2 to 7 and a
dispersing agent. 9. Concrete according to claim 8, wherein a water cement
ratio is not  20 more than 30%. 


