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In�uence of Dry-Mixing on Mortar Flow for 
High Strength Concrete

Abstract：Because an increase in construction using high strength concrete is expected, a response in terms of 
production technology is also necessary. �e �owability of high strength concrete varies greatly in some cases 
depending on the mixing condition, even with the same concrete mix and same environmental conditions. �is 
research focused on changes in �owability when mixing mortar, bearing in mind development to high strength 
concrete, depending on whether dry-mixing is performed or not and if so, the drying-mixing time. As a result, it 
was found that the di�erence in the mortar �ow value with and without dry-mixing is approximately 8 cm, and 
the �ow value di�erence with dry-mixing time is at maximum approximately 10 cm. Based on the results of an 
analysis of the amount of adsorption of admixtures and amount of Ettringite, it was inferred that �ocks are 
formed by dry-mixing, and then cause variations in the amount and timing of admixture adsorption, resulting in 
di�erences in �owability.
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1. Introduction
  Various issues have been mentioned as social problems 
currently confronting Japan, including “how to realize a 
low carbon society as a countermeasure against global 
warming,” “how to promote e�ciency in work and other 
activities accompanying a declining population” and 
“how to transfer technologies to younger generations 

e�ciently in an aging society.”
  Among those challenges, based on the increased 
intensity and frequency of natural disasters of recent 
years, the Japanese government has laid out a policy of 
“building national resilience,” which includes disaster 

prevention/mitigation and countermeasures for aging 
infra str ucture .  In  l ine  with  th is ,  an  increa se  in  
construction using hig h streng th concrete is  a lso 
considered likely. Moreover, considering the problems of 
population decline in Japan as a whole and labor 
shortages in the construction industry, promotion of the 
use of precast concrete products is expected accompanying 

shorter construction work time. In addition, the purpose 
of the revision of JIS A 5308 (Ready-mixed concrete) in 
2019 also stated as for promoting the use of high strength 
concrete.
  Based on this background, a further increase in 
construction using high strength concrete is expected, and 
a response to this trend will be required, not only in terms 
of construction technologies, but also in production by 
concrete batcher plants. On the other hand, it is known 
that mixing conditions in�uence the �owability of 
concrete, and adsorption of admixtures on cement has 
been mentioned as one cause of this 1),2),3). In comparison 
with ordinary concrete, the in�uence of admixture 
adsorption is larger in high strength concrete, which has a 
higher content of cement. However, there have been few 
attempts to clarif y this in�uence in mixes for high 
strength concrete. �us, clari�cation of the di�erences in 
�owability depending on mixing conditions is considered 
to be an urgent issue, and can contribute to a stable supply 
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of high strength concrete in the future. 
  In this research, the in�uence of dry-mixing on the 
�owability of high-streng th mortar was discussed 
focusing on whether dry-mixing of the �ne aggregate and 
cement is performed in the initial stage of mixing or not 
and if so, the dry-mixing time. Although the coarse 
aggregate  in the �nal stage is also thought to in�uence 
the slump �ow value, the target of study in this research 

was limited to mortar in order to con�rm the in�uence of 
dry-mixing more clearly. In addition to discussion of the 
mortar �ow value ( hereina�er,  �ow value) under 
dry-mixing conditions and the adsorption of admixtures 
and the amount of Ettringite in terms of chemistry, the 
mechanism of di�erences in �owabil it y  was a lso 
estimated.

2. Influence of Dry-Mixing and Dry-Mixing 
Time on Flow Value 
  2.1 Overview of Experiments 
  Because multiple experiments were carried out in this 
research and the setting conditions necessary in each 
experiment were di�erent in some cases, the outline and 
results of each experiment will be described in the 
following sections. �is section presents the outline 
common to all experiments. Table-1 shows the mix 
proportion of the high strength concrete with design 
strength of 80 N/mm2 which was the object of the 
experiments. Since the object of this study is mortar, the 
various tests described below were performed a�er 
calculating the values of the materials necessary per 1 L 
based on this mix. Table-2 shows the materials used.
  Admixtures were added per unit amount of cement. �e 
added amount of admixtures was set at 0.6 %, at which 
the extension rate of the slump �ow values converged in 
the results of preliminary tests conducted with various 
mortar mixes. �e mixer used in the experiments was a 
Hobart mixer (5 L). As the test environment, the tests 
were carried out indoors under a constant environment 
with a temperature of 20 ±2 °C and humidity of 50 % or 
higher.

  2.2 Influence of Dry-Mixing 
  (1) Outline
  To con�rm the in�uence of early hydration by the 
cement and surface water of the �ne aggregate, mixing of 
the �ne aggregate and cement (hereina�er, dry-mixing) 

was performed, a�er which mortar was prepared by 
mixing the admixtures and mixing water, a�er subtracting 
the surface water of the �ne aggregate (hereina�er, main 
mixing), and the �ow values were compared. A diagram 
of this mortar mixing method is shown in Figure-1.

Table-1　Mix of high strength concrete used in study 
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Figure-1 Mortar mixing method

Table-2 Materials used
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Cement

Fine
aggregate
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Figure-5 Absorbance measurement
positions
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section, the Hobart mixer (5 L) was used, and the test was 
carried out indoors under a constant environment with a 
temperature of 20 ±2 °C and humidity of 50 % or higher 
as the test environment. Fine aggregate with a surface 
water ratio of 3 % was used.
  (2) Experimental results and discussion
  Figure-4 shows the results of the �ow value for each 
dry-mixing time. Results in which the �ow values became 
larger as the dry mixing time increased were obtained, 
suggesting the possibility that an increase in contact time 
between the surface water of the �ne aggregate and the 
cement before the admixture is added contributes to an 
increase in the �ow value. Here, because the degree of 
transfer of the surface water of the �ne aggregate to the 
cement by dry-mixing is unknown, this was studied in the 
next chapter.

3. Mechanism of Influence of Dry-Mixing on 
Flowability 
  From the results in Chapter 2, it was found that whether 
contact between the surface water of the �ne aggregate 
and the cement occurs or not (i.e., whether dry-mixing is 
performed or not), and if so, the contact time (dry-mixing 
time), in�uence the �ow value. �erefore, as a physical 
test, a simple experiment was conducted in this chapter to 
determine the degree of transfer of the surface water on 
the �ne aggregate to the cement, and the amount of �ock 
formation caused by the transferred surface water. In 
addition, measurement of the adsorption of admixtures 
and measurement of the amount of Ettringite formation 
were also performed as chemical tests.

　3.1 Experiment on Transfer of Surface 
　Water of Fine Aggregate 
　(1) Outline
 In order to quantify the degree to which the surface water 
of the �ne aggregate is transferred and adsorbed on 
cement particles corresponding to the dry-mixing time, a 
test was carried out using an infrared multicomponent 
meter. �e materials used in this experiment were the �ne 
aggregate and calcium carbonate (density: 2.71 g/cm3), 
which is a white powder that was used in place of cement. 
Calcium carbonate was used as it was thought that this 
would make it possible to evaluate the pure dispersion of 
the powder and �ne aggregate without reaction with 
water. Although the physical properties of calcium 
carbonate are di�erent from those of cement, the authors 
judged that this di�erence would not in�uence the 
evaluation of dispersion because the powder is signi�cantly 

smaller that the diameter of the sand particles of the �ne 
aggregate.
 � e  t a r g e t s  o f  m e a s u r e m e n t  b y  t h e  i n f r a r e d  
multicomponent meter were the wavelength of color and 
the wavelength of water. Absorbance was measured from 
the wavelengths of the material surface a�er dry-mixing. 
Since the di�erence in the wavelength of the true color of 
calcium carbonate and the surface water of the �ne 
aggregate is slight, �ne aggregate in the bone-dr y 
condition was allowed to absorb water colored with red 
food coloring to a surface water content of 3 % in order to 
measure the color wavelength di�erence with the calcium 
carbonate more clearly.
 For the measured values of the materials, the necessary 
values of the materials per 1 L were calculated from the 
standard mix proportion shown in Table-1. As the 
measurement conditions, the dry-mixing time was set to 
three patterns of 30, 60 and 90 seconds, and the object of 
measurements was only dry-mixing before performing 
main mixing. Immediately a�er dry-mixing, the samples 
were transferred to a stainless steel tray, the sample surface 
was smoothed, and the tray was divided into six sections, 
as shown in Figure-5. �e surface color wavelength and 
water wavelength were then measured three times in the 
center of each section, for a total of 18 measurements of 
each sample.

  2.3 Influence of Dry-Mixing Time 
  (1) Outline
  As the in�uence of dry-mixing on �owability, the 
relationship of early hydration of cement and the e�ect of 
the admixture could be inferred from the study in the 
previous section. In this section, the in�uence of the 
dry-mixing time on mortar �owability was con�rmed.
  �e dry-mixing time was set in four patterns of 0, 30, 60 
and 90 seconds. �e total mixing time was �xed at 7 
m inut e s ,  a n d  th e  ma in  m i x ing  t im e  wa s  va r i e d  
corresponding to the dr y-mixing time.  As other  
conditions, as in the outline of the test in the previous 

Figure-2 Flow values with
/without dry-mixing

Figure-3 Flow values with dry-mixing with
/without admixture
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Figure-4 Dependence of 
flow value on dry-mixing time
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  As test patterns, the basic conditions were three patterns: 
Without dr y-mixing ,  with dr y-mixing and with 
dr y-mixing using �ne ag g reg ate  in the bone-dr y 
condition. When dr y-mixing was performed, the 
dry-mixing time was 30 seconds. Flow measurements of 
each batch were performed for the total mixing times of 3, 
4, 7, 10, 15 and 20 minutes. �e experiments were 
performed with the surface water ratio of the �ne 
aggregate in the wet condition uni�ed on 3 %.
  Furthermore, to also investigate the contribution to the 
�ow di�erence in dry-mixing with/without admixtures, 
the �ow value was measured for the two patterns of with 
and without dry-mixing for a mix without admixtures. 
Since mixing of the mix without admixtures was not 
possible using the necessary material values per 1 L 
calculated for the mix with admixtures, the test was 
carried out under the condition of a water-cement ratio of 
42.8 %, which is 2 times the unit water amount, so that a 
comparison of the �ow measurements was possible.
(2) Experimental results and discussion
  �e �ow values for each mixing time are shown in 
Figure-2. From the mixer power data measured in a 
preliminary experiment, mixing for 7 minutes was 
necessary for complete mixing. A�er 7 minutes, i.e., a�er 
the completion of mixing, there was no di�erence in the 
�ow values between without dr y-mixing and with 
dry-mixing using the �ne aggregate in the bone-dry 
condition, and both of them have not reached the �ow 
value with dry-mixing even when the mixing time was 
increased, and a constant di�erence (approximately 8 cm) 
was maintained.
  From these results, if the �ne aggregate is in the bone-dry 
condition, the result with dry-mixing is substantially the 
same as the �ow value without dry-mixing. �erefore, as 
the in�uence of dry-mixing on the �ow value, it is 
thought that advance contact of the surface water of the 
�ne aggregate with the cement particles in the initial stage 
of mixing contributes to an increase in the �ow value.
  In addition,  Figure-3  shows the results  of  the 
comparison with/without dry-mixing for the mix without 
admixtures. �e test described above showed that �ow 
value increases by about 8 cm from the case without 
dry-mixing when dry-mixing is performed with the mix 
containing admixtures. However, in the case without 
admixtures, no e�ect of dry-mixing on the �ow value was 
observed.
  From the results in the above Figure-2 and Figure-3, 
it is thought that the cement and surface water of the �ne 
aggregate cause early hydration, while admixture 

(water-reducing agent) added during the following main 
mixing contribute to the �ow value.
  �us, it was possible to verify that whether dry-mixing is 
performed or not in�uences the �owability of mortar, 
even with the same mix and same environmental  
conditions. As to the reason, it is estimated that the slight 
moisture on the �ne aggregate surface and the in�uence 
of admixtures on early hydration of the cement make large 
contributions.
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Figure-8 Sample preparation procedure in chemical test

 

 

  3.2 Experiment on Cement Flocks
  (1) Outline
  When cement is hydrated, a positive electrical charge is 
generated on the surface of the cement particles by the 
hydration reaction, and the particles become unstable and 
adhere to each other, forming �ocks. �erefore, in this 
report, the amount of �ock formation was measured using 
a sieve to con�rm the in�uence of the �ne aggregate 
surface water transferred to the cement particles 
corresponding to the dry-mixing time. 
  As the measurement method, the full amount of the 
sample a�er performing only dry-mixing was sieved, and 
the amounts that passed through the sieve (under-screen 
weig ht)  and amount that  rema ine d on the s ie ve  
(over-screen weight) were measured. Samples which were 
not dry-mixed were not evaluated because stirring itself 
was not performed.
  In order to screen the cement particles which were not in 
contact with water, measurements were performed using a 
screen with a mesh of 0.15 mm.
  (2) Experimental results and discussion
  Table-3 shows the sieve test results for each dry-mixing 
time. As was also expected from the experimental results 
of surface water transfer in the previous section, the 
amount of transferred surface water increased as the 
dry-mixing time was extended. �erefore, results in which 
�ock formation increased with dry-mixing time were 
obtained. Visual inspection also showed that the number 
of lumps increased as the dry-mixing time became longer, 
and a di�erence in the amount that passed through the 
sieve was con�rmed.

  3.3 Experiment on Adsorption of Admixture
  (1) Outline
  From sections 3.1 and 3.2, it was found that the surface 
water of the �ne aggregate in�uences the cement particles. 
�erefore, in this section, measurements of adsorption of 
admixtures corresponding to the dry-mixing time were 
carried out to con�rm the degree of in�uence of the 
surface water of the �ne aggregate from the dry-mixing 
stage on the adsorption of admixtures added in the main 
mixing stage.
  For the measured values of the respective materials, the 

mortar used here was prepared by calculating the 
necessary material values per 1 L from the standard mix 
proportion shown in Table-1. As shown in Figure-8, 
the liquid phase and solid phase were separated with a 
centrifugal separator, and the remaining amount of 
admixtures  in the l iquid phase was  measure d by 
performing a thermal analysis of the extracted liquid 
phase.
  As the measurement conditions, the dry-mixing time was 
set to the three patterns of 0, 30 and 90 seconds. Since the 
total mixing time was �xed at 7 minutes, the main mixing 
time was adjusted corresponding to the dry-mixing time. 
�e liquid phase was sampled from the prepared mortar, 
and measurements were performed �ve times for each 
measurement condition.
  
  (2) Experimental results and discussion
  Figure-9 shows the results of the remaining amount of 
admixtures from the mortars prepared under each 
dry-mixing time. From the results of the remaining 
amounts, it was found that the amount of admixtures 
remaining in the l iquid phase was small  with the 
dry-mixing time of 0 s, but increased as the dry-mixing 
time increased. Based on these facts, the results obtained 
in this experiment showed that the amount of admixtures 
adsorbed on the solid phase is large when the dry-mixing 

Figure-7 Water absorbance at 
various dry-mixing times 

Figure-6 Color absorbance at 
various dry-mixing times

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

0 30 60 90 120

0

0.05

0.1

0.15

0.2

0.25

0 30 60 90 12030              60        90

C
ol

or
 ab

so
rb

an
ce

Dry-mixing time (s)

W
at

er
 ab

so
rb

an
ce

Dry-mixing time (s)

Table-3 Results of sieve analysis test

30 s 90 s
204.0 175.3
1275.2 1301.0

Under-screen weight (g)
Over-screen weight (g)

Dry-mixing time

A�er immersion for 30 min in acetone, 
replace the acetone and immerse again for 4 h. 
A�er immersion, store the sample in a 
desiccator until the time of measurement.

Direction of rotation
Rotational speed: 
　　　　　5500 rpm

Direction of rotation
Rotational speed: 
　　　　　5500 rpm

Centrifugal separation,
10 min

Set Remove

Take only the liquid 
phase from the solid 
phase and liquid phase, 
and return the liquid 
phase to the centrifugal 
separator.

Centrifugal separation,
5 min

Set Remove

Separate the �ne 
particle content of the 
liquid phase as much as 
possible, and remove 
only the water.

Mortar 
(liquid phase)

Mortar

Centrifugal
separator Fine particle

content
(cement)

Mortar 
(solid phase)

To XRD

Water + 
admixtures

(liquid phase)

To thermal analysis

  (2) Experimental results and discussion
  Figure-6 and Figure-7 show the results of the color 
absorbance and water absorbance, respectively, measured 
for each of the dry-mixing times.
  Larger values of absorbance show that the number of 
colored spots increases, and water also exists on the 
surface. In the color absorbance results in Figure-6, 
absorbance becomes higher as the dry-mixing time 
increases, and a large number of colored spots of calcium 
carbonate are detected. Likewise, as shown in Figure-7, 
results similar to those for color absorbance were also 
obtained for water absorbance, as water absorbance also 
increased with increasing dry-mixing time.
  From the results of both types of absorbance, it was 
found that the surface water of the �ne aggregate was 
transferred to the calcium carbonate as the contact time 
(dry-mixing time) between the �ne aggregate and the 
calcium carbonate was extended.
  Furthermore, the variations between the measurement 
positions also became smaller with increasing dry-mixing 
time, which can be interpreted as showing more uniform 
dispersion of the surface water.

time is short, and conversely, the adsorbed amount 
decreases when the dry-mixing time is long.

  3.4 Experiment on Amount of Ettringite 
  (1) Outline
  Because Ettringite is formed by a hydration reaction, it 
was thought to be an index for con�rming the existence of 
the �ocks in the experiment carried out in section 3.2. As 
the measurement method, X-ray di�raction (XRD) was 
performed using the sample separated into the solid phase 

Figure-9 Amount of remaining admixtures 
with various dry-mixing times
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igure-11 Mechanism of difference in adsorption of admixtures by dry-mixing

Influence of Dry-Mixing on Mortar Flow for High Strength Concrete2023│NO.004 Influence of Dry-Mixing on Mortar Flow for High Strength Concrete 2023│NO.004

NIKKO TECHNICAL REPORT

─  7  ─ ─  8  ─

by the centrifuge when measuring the adsorption of 
admixtures, as shown in Figure-8. In order to conduct 
the comparison immediately a�er mixing, the hydration 
reaction was stopped with acetone.
  Because the mortars used in the measurements of the 
adsorption of admixtures were also used here, the 
dr y-mixing time was set to 0, 30 or 90 seconds as 
measurement conditions. Since the peak value of the 
amount of Ettringite was determined to be a di�raction 
angle of 8.7 to 9.4° by a preliminary test, the comparison 
was carried out for the integrated intensity of that 
di�raction angle range.
(2) Experimental results and discussion
 �e results  of  the amount of  Ettring ite for each 
dry-mixing time are shown in Figure-10. From these 
results, it was found that the amount of Ettringite is large 
at the dr y-mixing time of 0 s,  but decreases as the 
dry-mixing increases. Based on this, when the dry-mixing 
time is short, it can be inferred that the speci�c area of the 
cement particles in contact with mixing water is large 
because �ock formation is small; therefore, the e�ect of 
the admixture at the end of mixing is slight, and as a 
result, the �ow value is small. Conversely, when the 
dry-mixing time is long, the speci�c area of the cement 
particles in contact with the mixing water is reduced by 
the large amount of �ock formation, and in this case, the 
�ow value increases because the e�ect of the admixture at 
the end of mixing is large. 

  3.5 Mechanism of Influence of Dry-Mixing on 
Mortar Flow Value
  Table-4 presents summary of the results of the study of 
the transfer of the surface water of the �ne aggregate and 
the amount of �ock formation in sections 3.1 and 3.2, and 
the adsorption of admixtures and the amount of  
Ettringite in sections 3.3 and 3.4. 
  From the results of these tests, it is considered that �ocks 
are formed by contact of the surface water of the �ne 
aggregate with cement particles when dry-mixing is 
performed, and as a result, the speci�c surface area of the 
cement particles decreases, reducing adsorption of the 
admixture. If large number of particles form �ocks at an 
early stage in mixing, it is thought that the amount of 
cement particles in contact with the water added during 
main mixing will decrease, and this will cause a di�erence 
in the amount of Ettringite. �e mechanism of this 
process is shown in stages in Figure-11.
  �e results described above clari�ed the fact that 
whether dry-mixing is performed or not, and if so, the 
dry-mixing time, have an in�uence on the mortar �ow 
value. In particular, because the amount of admixture 
adsorption changes due to the formation of �ocks by the 
surface water of the �ne aggregate and the cement 
particles, and as a result, the �ow value immediately a�er 
mixing di�ers, it can be inferred that the �ow value 
immediately a�er mixing can be controlled by controlling 
�ock formation.  Howe ver,  s imply extending the 
dry-mixing time is not important. �e important point is 
whether the condition necessary for accepting the 
admixtures added during main mixing is created by 
dr y-m ixing .  For  example ,  i t  i s  thoug ht  that  the  
performance of the mixer, etc. has an in�uence in creating 
this state.

4. Conclusion
  �e knowledge obtained through this research is 
summarized below.
(1) �is study con�rmed that whether dry-mixing is 
performed or not has an in�uence on the �owability of 
mortar, even with the same mix and environmental 
conditions, and the slight amount of moisture on the �ne 
aggregate surface and the e�ect of admixtures on early 
hydration of the cement make a large contribution. 
(2) It was con�rmed that the mortar �ow value becomes 
large as the dry-mixing time increases, as an increase in the 
contact time between the cement and the surface water on 
the �ne aggregate before the admixtures are added 
contributes to an increase in the �ow value.

(3) As a result of dry-mixing, �ocks are formed by contact 
between the cement and the surface water of the �ne 
aggregate, and it is thought that this reduces adsorption of 
the admixtures by decreasing the speci�c surface area of 
the cement particles.

Figure-10 Amount of Ettringite formation 
with various dry-mixing times
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dry-mixing time
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C
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Dry-mixing time Short
Transfer  of  surface  water  of  �ne 
aggregate is slight, �ock formation 
decreases.

Dry-mixing time Long
Transfer  of  surface  water  of  �ne 
aggregate is large, �ock formation 
becomes large.
⇒ �e amount of �ock formation by the 
surface water of the �ne aggregate and 
cement particles di�ers depending on 
whether dry-mixing is performed or not.

Dry-mixing time Short

Dry-mixing time Long
Due to the large amount of �ocks, the 
speci�c surface area of the cement 
particles is  small ,  and as a result,  
adsorption of admixtures decreases. 
Formation of Ettringite also decreases 
due to the small reaction volume.
⇒  �e spe ci�c surface  area  of  the  
cement particles di�ers depending on 
the amount of �ock formation, resulting 
in di�erences in the adsorption of 
a d m i x t u r e s  a n d  t h e  a m o u n t  o f  
Ettringite.

Due to the small amount of �ocks, the 
speci�c surface area of the cement 
particles is large, and adsorption of 
admixtures is also large. Because the 
reaction volume is  a lso larg e,  the 
amount of Ettringite also increases.

Dry-mixing time Short

Dry-mixing time Long
Because a large amount of unadsorbed 
admixtures exists, adsorption is delayed 
and the admixtures are adsorbed at 
unadsorbed positions, resulting in an 
increase in the �ow value.
⇒  A d s o r p t i o n  o f  u n a d s o r b e d  
admixtures a�er the breakup of �ocks 
causes a di�erence in the �ow value 
immediately a�er the end of mixing.

Because a large amount of admixtures 
has already be adsorbed, the �ow value 
decreases together with the hydration 
reaction.

Water

Water
Water

Water

Water

Water

Water

Water
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