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Abstract. The water requirement for normal consistency of cement is an im-
portant technical index to measure the performance of cement.the water re-
quirement for normal consistency of cement will directly affect the performance
of the concrete prepared, in this paper, four kinds of cement with different water
requirement for normal consistency in Fujian are compared to verify the per-
formance difference of the concrete prepared by them. The results show that the
high or low water requirement for normal consistency, will affect the workability
and compressive strength of concrete.
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1 Introduction

Cement is a kind of powdery inorganic cementitious material. It can be hardened in air
or in water after mixing with water, and it can firmly cement sand, stone and other
materials together. Cement in concrete is an indispensable part, occupies an important
part, so the performance of cement will greatly affect the performance of concrete
mixture.

The water requirement for normal consistency of cement is an important index of
cement performance, which refers to the water consumption when the cement paste
reaches the standard consistencys, it is only regarded as a water consumption standard to
determine the initial setting time and final setting time of cement, and it is not consid-
ered as a technical index. There is no limit to the index range of the water requirement
for normal consistency of cement, so cement production enterprises do not strictly
control the water requirement for normal consistency of cement, resulting in large
differences in the water requirement for normal consistency of cement on the market.
However, concrete mixing plants often fail to monitor the water requirement for nor-
mal consistency of cement in a timely manner, resulting in fluctuations in the water
requirement for normal consistency of cement in actual production, which has a cer-
tain impact on the strength, workability and performance indicators of concrete!!,

In this experiment, 4 kinds of cement with different the water requirement for
normal consistencyused in Fujian area were collected and compared to test each per
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formance index of their concrete, this paper verifies the influence of the water re-
quirement for normal consistency on concrete performance. The purpose is to remind
and suggest concrete production companies and cement production companies to
strengthen the control of the water requirement for normal consistency of cement. This
article analyzes the factors that affect the water requirement for normal consistency of
cement and proposes improvement measures and suggestions for concrete production.

2 Test Raw Materials and Test Design

2.1 Test Materials

e cement: four kinds of P.0O42.5 ordinary Portland cement commonly used in Fujian
province, cement performance indicators are detailed in Table 1.

e fine aggregate: machine-made sand, all indexes are in line with GB/T
14684-2022“Construction sand”’standard requirements;

e coarse aggregate: adopt 5-25mm, 16-31.5 mm continuous gradation broken stone,
each index all accord with GB/T 14685-2022“Construction use pebble, broken
stone”’standard request;

o fly ash: Class II ash, all properties meet the requirements of GB/T 1596-2017“Fly
ash for cement and concrete”standard;

e Mineral powder: S95 grade, all properties meet the requirements of GB/T
18046-2017“Granulated blast furnace slag powder for cement, mortar and con-
crete”’standard;

e water for mixing: meets the requirements of JGJ 63-2006“Standard for water for
concrete”;

e Superplasticizer: Point-420HS Superplasticizer,in line with GB
8076-2024“Concrete admixture”standard requirements.

Table 1. Cement Performance Index

water requirement for Compressive Strength

Specific sur- Setting time (min
Number no.rmal pface area - g - o . (MPa)
conit;;:ncy (m 2kg) Imtlﬂnslzttmg F 1nat1i:lf;ttmg 14 »8d
A 25.3 345 190 245 26.6 48.3
B 27.0 350 205 250 27.2 48.7
C 27.5 356 195 250 26.8 47.9
D 28.8 375 195 255 28.4 49.5

2.2 Trial Design

In this experiment, the C30 mixture ratio was used to verify the influence of the water
requirement for normal consistency on concrete performance. The test principle is to
control a single variable (the water requirement for normal consistency of cement).
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Use the same raw materials that meet the requirements of the specification to verify
the relationship between concrete performance and the water requirement for normal
consistency of cement. The design is as follows:

e mixture ratio: using C30 mixture ratio, the aggregate used in the test is saturated
surface dry state, the mixture ratio is shown in Table 2;

e mixture preparation and performance test: C30 Concrete was prepared with cement
of different the water requirement for normal consistency, and its workability and
strength were verified;

e scheme design: (1)the initial slump and expansion of concrete mixed with different
cement are controlled at (210 + 10) mm and (550 + 10) mm by adjusting the dosage
of admixture and the amount of water used, so as to verify the workability and
strength of concrete; (2)the initial slump and expansion of concrete mixed with
different cement are controlled at (210 + 10) mm and (550 + 10) mm by adjusting the
dosage of concrete admixture, so as to verify the workability and strength of con-
crete.

Table 2. C30 standard mix ratio (unit: kg/m 3)

Fine coarse aggregate coarse aggregate
aggregate  (5-20mm) (16 ~31.5 mm)

C30 280 50 30 790 710 310 170

Intensity GradeCementFly AshMineral powder

3 Trial Results and Analysis
The test results and data are shown in Table 3, Table 4 and Figure 1.

Table 3. concrete test data for fixed water consumption

Water con- Dosage of Initial 28D compressive
Number sumption admixture  slump/spread Workability strength
(Kg/m ) (7o) (mm) (MPa)
A 170 1.8 200/550  Good flow, slightly 38.0
watery
B 170 2.0 210/560  Go0d liquidity and 392
water retention
C 170 2.0 205/545  Good fluidity, good 38.6

water retention

D 170 2.3 200/550 Sticky, slow flow 37.2
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Table 4. concrete test data of fixed admixtures

Number Water con- Dosage of Initial 28D compressive
sumption admixture  slump/spread Workability strength
(Kg/m %) (%) (mm) (MPa)
A 156 2.0 215560 Good fluidity, 372
bleeding
Good fluidity,
B 170 2.0 210/550 good water reten- 39.0
tion
Good fluidity,
C 170 2.0 205/550 good water reten- 393
tion
D 188 2.0 200/540 ~ Good fluidity, soft g 5
paste
40.0
o 39.0 4/‘397@-\29.3
e .6
= 38.0 .0 8\
o 37.0 37.2 37.2
>
'@ 36.0
o
= 350
o
34.5
€ 340
© 330
32.0
A (25.3%) B (27.0%) C (27.5%) D (28.8%)

Number (Waterrequirement for normal consistency)
= Fixed water consumption Fixed dosage of admixture

Fig. 1. comparison of concrete strength with different water requirement for normal consistency

The following conclusions can be drawn from Tables 3,4 and 1:

e When the water consumption is fixed, the admixture amount of concrete with the
same initial fluidity increases with the increase of the water requirement for normal
consistency of cement, regardless of the standard consistency of water consumption
is too high or too low will affect the workability of concrete, the water requirement
for normal consistency of the lower cement A is more sensitive to additives, there is
bleeding phenomenon, although the cement D with high water requirement for
normal consistency can achieve the required fluidity by increasing the admixture
content, due to the lack of free water in the concrete system, the concrete has poor
fluidity and is relatively heavy, it also increases the cost of the admixture.
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e When fixed dosage of admixtures, the water consumption of concrete with equiva-
lent initial fluidity will increase with the increase of water requirement for normal
consistency of cement, the cement A with lower water requirement for normal
consistency is more sensitive to admixture, and there is obvious bleeding. The ce-
ment D with higher water requirement for normal consistency greatly increases
water consumption, which leads to a significant decrease in strength, compared with
the cement C tested under the same conditions, the strength of the cement a was
reduced by nearly 5 MPa;

e As can be seen from Fig.1, in two concrete tests with different variables, cement B
and C with moderate water requirement for normal consistency had higher 28-day
compressive strength, the compressive strength of cement A with lower water re-
quirement for normal consistency and cement D with higher water consumption of
standard consistency decreased in different degrees. When the amount of water is
fixed, the overall water-binder ratio of the concrete made of each cement is the same,
but the concrete made of cement A and cement D has poor workability, which leads
to the relative lack of compactness of the concrete, compared with cement B and C,
cement A used less water, but the strength of cement a was reduced by about 2MPa
because of bleeding and poor workability due to the addition of fixed dosage of
admixture The water consumption of cement D needs to be greatly increased, and
the water-binder ratio is increased from 0.47 to 0.52, resulting in a sharp decline in
the compressive strength of concrete, about 5 MPa,close to a strength grade, most of
the concrete mixing plant operators are using water to control the factory slump of
concrete, so the quality of concrete safety has a great risk.

4 Factors Affecting Water Requirement for Normal Consistency
of Cement

4.1 Fineness and Particle Morphology of Cement

The finer the fineness of cement, the more the content of fine particles, the larger the
specific surface area of cement, resulting in faster hydration of cement, thus increasing
the water requirement for normal consistency of cement. The results show that when
the average particle diameter of cement is less than 10um(0.01 mm), the water con-
sumption of standard consistency of cement increases obviously!?. The closer the
particle size of cement is to spherical, the stronger the ball effect between cement and
concrete is, the less the friction force between the particles is, thus improving the
fluidity of concrete and reducing the water requirement for normal consistency, it also
improves the strength and durability of concrete at later stages!®!.

4.2  Admixture in Cement

Because of reducing cost or improving cement performance, cement manufacturers
will mix different admixture into cement, and the quality of admixture will affect the
quality of cement in different degree. As is often the case with fly ash, the loss on
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ignition of the fly ash in the admixture is positively correlated with the water re-
quirement for normal consistency of the cement!*], because the loss on ignition of the
fly ash directly affects the water requirement ratio of the fly ashl®l.

4.3 The Content of C3A in Cement

In the minerals of cement clinker, the hydration rate of C3A is fast and exothermic. To
a certain extent, the higher the content of C3A in clinker, the greater the water re-
quirement for normal consistency of cement, it is advisable to control the C3A content
in the clinker to not exceed 8%, preferably<7%!®!. The hydration products and results
are greatly affected by the concentration and temperature of solution CaO, and the
metastable state of calcium aluminate is formed first, and finally transformed into
garnet. The higher the content of quick-setting minerals, the higher the water re-
quirement for normal consistency of cement.

4.4  Cement Grinding Aids

Cement manufacturers in order to help grinding cement, often join grinding aids,
grinding aids are mostly surfactant, adding grinding aids will improve the water re-
quirement for normal consistency of cement.

5 Summary and Recommendations

5.1 Conclusion of the Trial

The following conclusions are obtained through two test schemes of water consump-
tion with fixed mix ratio and fixed dosage of admixture content:

e The water requirement for normal consistency of cement has an obvious influence
on the workability of concrete, and the low water requirement for normal con-
sistency of cement has a low adaptability to admixtures, and is easy to produce
bleeding phenomenon, the high water requirement for normal consistency of ce-
ment, when preparing concrete, due to the lack of free water, resulting in heavy
concrete, poor fluidity;

e Whether it is a fixed mix ratio of water or fixed dosage of admixture to configure the
concrete, the strength of the concrete made by the cement with too high or too low
water requirement for normal consistency will decrease in different degrees because
of the poor workability or the increase of water-binder ratio.

5.2 Improvement Measures and Recommendations

For cement with excessive or low water requirement for normal consistency, the fol-
lowing improvement measures or recommendations are proposed:
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The concrete mixing station should pay more attention to the water requirement for
normal consistency of the incoming cement and its inspection, and grasp the changes
of the water demand of the existing cement, then according to the test data to adjust
the concrete mix proportion in time to ensure the quality of production stability;
When the water requirement for normal consistency of cement changes greatly, the
workability and strength index of concrete should be tested to verify whether they
meet the production demand

When the water requirement for normal consistency of cement is too low, the sand
ratio can be appropriately increased to improve the bleeding of concrete, and when
the water requirement for normal consistency of cement is too high, the consumption
of fly ash in concrete mixture can be increased,in order to reduce the water demand
of the whole concrete, the above adjustment must be verified in the laboratory before
it can be used in production;

When the quality of concrete can not meet the demand of production because of the
change of water requirement for normal consistency of cement, the admixture
manufacturer should be informed to adjust the adaptability of admixture and cement
to ensure the stability of concrete quality.

.3 Limitations and Future Research Directions

.3.1 Limitations of the Study.

The types of cement samples collected are not comprehensive enough, and only the
C30 label test is carried out in the concrete test, and the data is not comprehensive
enough;

At present, only the influence of cement standard consistency water consumption
on concrete has been studied, but the reasonable range of cement standard con-
sistency water demand index has not been actually obtained.

.3.2 Future Development Direction.

Collect more regions and brands of cement for testing, and verify different grades
of concrete to obtain more comprehensive test data;

Get more test data from the test, analyze it, summarize the influence trend of ce-
ment standard consistency water consumption on concrete performance, and ex-
plore the reasonable range of cement standard consistency water consumption in-
dex.
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