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composition vary depending on the type of cement, it 
remains unclear whether the e�ect of dry mixing on 
slump �ow is consistent across all types of cement.
In this study, multiple experiments were conducted 
using di�erent types of cement to examine the e�ects 
of dry mixing on slump �ow and the residual amount 
of admixture. In addition, focusing on surface water in 
�ne aggregates and the admixture, both of which are 
identi�ed as important indicators in previous studies, 
we  f ur ther  investig ate d  the  chem ica l  a sp e cts  of 
admixture adsorption and discussed the process by 
which di�erences  in s lump �ow arise  due to dr y 
mixing.

2. Mixing Process in Previous Studies
   Previous studies on mix designs for high-strength 
concrete have con�rmed that performing dry mixing 
when using �ne aggregates containing surface water 
results in an increase in slump �ow2)3).
   Furthermore, the increase in slump �ow due to dry 
mixing is presumed to be caused by the �occulation of 
cement particles. Figure 1 illustrates the currently 
assumed mixing process. �e mechanism of improved 
�uidity through dry mixing, as assumed in this study, is 
explained in the following sequence.
A)Dry Mixing Stage
�e surface water present on the �ne aggregates initiates a 
hydration reaction with the cement particles. As the 
hy d rati on  b e g ins ,  th e  c em ent  p ar ti c l e s  b e c om e 
electrochemically unstable, leading them to aggregate in 
order to reach a more stable state. �is aggregation results 
in the formation of �ocs.
B)Mortar Mixing Stage
When water containing admixture is added to the 
mixture, the admixture is adsorbed (herea�er referred to 
as pre-adsorption) onto the surface of the �ocs, while the 
residual admixture stays dissolved in the liquid phase.
C)Concrete Mixing Stage
Upon contact with the added coarse ag greg ates,  the �ocs 
disintegrate, exposing the surfaces of unhydrated cement particles. 
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1.Introduction
　Currently, Japan faces multiple societal challenges, 
such as how to achieve a low-carbon society, how to 
i m p r o v e  e � c i e n c y  i n  r e s p o n s e  t o  a  d e c l i n i n g 
population, and how to e�ciently transfer technical 
skills in an aging society.
�e use of  hig h-streng th concrete is  expected to 
increase, in response to the increasing frequency and 
severity of natural disasters, and based on policies 
s u c h  a s  d i s a s t e r  p r e v e n t i o n ,  m i t i g a t i o n ,  a n d 
countermeasures against infrastructure deterioration 
a i m e d  a t  s t r e n g t h e n i n g  n a t i o n a l  r e s i l i e n c e . 
Furthermore,  due to  the nationwide population 
decline and shortage of workers in the construction 
industr y,  the use of  precast  concrete products  is 
e x p e c t e d  t o  i n c r e a s e  a s  a  m e a n s  t o  s h o r t e n 
construction periods. Moreover, it is clearly stated in 
the purpose of the 2019 revision of JIS A 5308 that 
it aims to promote the use of high-strength concrete1).
   Against this background, the use of high-strength 
concrete is expected to increase further, requiring not 
only construction techniques but also corresponding 

measures at batching plants.  It is also known that 
mixing conditions a�ect the �uidity of concrete, with 
one contributing factor  being the adsorption of 
admixtures onto cement particles2)3). �is e�ect is even 
more pronounced in high-strength concrete than in 
standard concrete due to its high cement content. 
However, few studies have attempted to clarif y the 
e x t e n t  a n d  m e c h a n i s m s  o f  t h e s e  e � e c t s  i n 
high-strength concrete mix designs. We believe that 
understanding the di�erences in �uidity associated 
with mixing conditions can contribute to the stable 
supply of high-strength concrete in the future.
   Prior studies have reported that dry mixing ( i.e., 
mixing �ne aggregates containing surface water with 
cement at the initial stage) can cause variations in 
slump �ow2)3). It has also been reported that the slump 
�ow variations  cause d by dr y  mixing during the 
mixing process are in�uenced by factors such as the 
�occulation of cement particles due to the hydration 
reaction between cement and surface water, and the 
residual amount of admixture in the liquid phase. 
However, since the speci�c surface area and chemical 
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Table 2 Materials
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Some exposure of adsorbed surfaces due to contact with 
�ne aggregates already occurs at stage B. However, it 
becomes more pronounced at stage C due to the shear 
forces from the contact with the coarse aggregates.
D)Completion of Mixing
�e residual admixture in the liquid phase is adsorbed onto 
the unhydrated cement surfaces exposed by the disintegration 

(1) Overview of the Experiment
   In Sections 4.1 and 4.2, it was con�rmed that the 
slump �ow of various cements is signi�cantly a�ected 
by the C₃A content. Based on this, it was assumed that 
the dry mixing e�ect also varies depending on the C₃A 
content. �erefore, the in�uence of dry mixing time 
w a s  e x a m i n e d  u n d e r  d i � e r e n t  C₃A  c o n t e n t 
conditions.  Low-heat cement and moderate-heat 
cement were selected for the experiment, as slump 
�ow measurements were possible when a �xed amount 
of admixture was added to these cements.
(2) Results and Discussion
   Figure 5  shows the  re lationship b et we en dr y 
m ixing  t ime and s lump �ow.  For  b oth  low-heat 
cement and moderate-heat cement, the maximum 
slump �ow was observed at a dry mixing time of 90 
seconds.  Even with cements with di�erent C₃A 
contents, an increase in slump �ow with longer dry 
mixing time was con�rmed.
  Additionally, at dry mixing times of 0 seconds and 
30 seconds, a di�erence in slump �ow of 20 to 30 
cm was observed between the low-heat cement and 
moderate-heat cement. In contrast, at a dry mixing 
time of 90 seconds, there was almost no di�erence 
in slump �ow between the two cements. Since the rate 
of  increa se  in  s lump �ow with  dr y  m ixing  t ime 
di�ered between the cements with similar speci�c 
surface areas, it is presumed that dry mixing caused 
di�erences in the amount of admixture adsorbed onto 
C₃A.
   Since the C₃A content is  lower in the low-heat 
c ement  than in  the  mo derate -heat  c ement ,  i t  i s 
considered that in cases of short dry mixing times (0 
seconds  a n d  30 seconds ) ,  t h e  a m o u n t  o f 
admixture pre-adsorbed as shown in Figure 1B was 
l o w e r  f o r  t h e  l o w - h e a t  c e m e n t  t h a n  f o r  t h e 
moderate-heat cement. As a result,  the amount of 
admixture available for post-adsorption in Figure 1D 
was insu�cient for the moderate-heat cement, leading 
to a smaller slump �ow compared to the low-heat 
cement.  On the other  hand,  in cases  of  long dr y 
mixing times (90s), it is inferred that the apparent 
speci�c surface area available for C₃A adsorption 
decreased due to �oc formation shown in Figure 1A. 
Consequently, the amount of admixture pre-adsorbed as 
shown in Figure 1B decreased, and as shown in Figure 
1D, enough admixture remained for post-adsorption in 
b o th  th e  l ow-h e at  an d  m o d erate -h e at  c em ents , 

Figure 1: Assumed Mixing Process
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Table 3 Chemical Composition and Specific Surface Area of Each Cement
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Figure 3: Slump Flow and 
Cement Specific Surface Area 

Figure 2: Mixing Procedure

of the �ocs (herea�er referred to as post-adsorption).

   To maintain �uidity a�er mixing, a su�cient amount of 
admixture must remain at stage D. An excess amount 
must also be available for new adsorption onto the 
unhydrated cement surfaces during post-adsorption. 
Additionally, the longer the dry mixing time, the more the 
cement particles aggregate. �is results in a smaller 
speci�c surface area of the �ocs formed at stage A . 
�erefore, with longer dry mixing , less admixture is 
consumed through pre-adsorption at stage B. �is leaves 
more admixture available for post-adsorption at stage D, 
which leads to an increase in slump �ow (herea�er 
referred to as the dry mixing e�ect2).
   However, as mentioned in Chapter 1, the current 
mixing process does not account for di�erences arising 
from f actors  such a s  the  sp e ci�c  surf ace  area  or 
composition of the cement. �erefore, these aspects are 
examined in the following chapters.

3. Experimental Overview
3.1 Materials
 Table 1 shows an example of the high-strength concrete 
mix with a design compressive strength of 80 N/mm2 
used in this study. �e admixture dosage for each test day 
was  set  base d on the results  of  prel iminar y tests 
conducted with the concrete mix, and the mixture was 
adjusted accordingly. �e materials used are shown in 
Table 2. Four types of cement were used: low-heat 
cement (L) ,  moderate-heat cement (M) ,  ordinar y 
Portland cement (N), and high-early-strength cement 
(H). �e chemical compositions and speci�c surface areas 
of each cement are shown in Table 3. �e admixture was 
added in proportion to the unit weight of cement. Since 
the dry mixing e�ect is considered to be caused by the 
interaction between the surface water on the �ne 
aggregate and the cement particles, the surface water 
content of the �ne aggregate was standardized to 3% in 
this study, following previous studies2)3).

3.2 Mixing Procedure
  A twin-sha� forced mixer with a capacity of 60 
liters was used for mixing , and the mixing volume 
was set to 36 liters.  Figure 2 shows the mixing 
procedure. �e total mixing time was 10 minutes: 7 
minutes for mortar mixing with �ne aggregate, cement, 

water, and admixture, and 3 minutes for concrete 
mixing a�er adding coarse aggregate. A�er mortar 
mixing ,  the mortar  �ow was measured,  and a�er 
concrete mixing , the slump �ow was measured. For 
each mixing process, the dry mixing time was set to 
one of 0 seconds, 30 seconds, or 90 seconds. It 
should be noted that since the dry mixing time was 
included in the mortar mixing time, the total mixing 
time remained unchanged. All tests were conducted 
i n d o o r s  u n d e r  c o n t r o l l e d  c o n d i t i o n s  w i t h  a 
temperature of 20 ± 2°C and humidity of 50% or 
higher.

3.3 Measurement of Residual Amount of 
Admixture
   In Chapter 5, the residual amount of admixture in 
the mortar samples was measured a�er stage B in 
Figure 1  ( i . e . ,  b e f o r e  t h e  a d d i t i o n  o f  c o a r s e 
aggregate). �e measurement involved separating the 
mortar samples into liquid and solid phases using a 
centri f ug e .  �e extracte d l iqu id  pha se  wa s  then 
analy zed by thermal analysis  (TG/DTA),  and the 
residual amount of admixture in the liquid phase was 
calculated based on the weight change within the 
temperature range where the active components of the 
admixture combust. �e measurement was performed 
six times, and the average values were compared.

4. Effect of Cement Type on Dry Mixing 
Effect
In the previous study presented in Chapter 2, the 
focus was placed on the physical properties of cement 
p ar ti c l e s ,  an d  th e  pro c e ss  by  wh i c h  d r y  m i x ing 
improves  �u id it y  wa s  describ e d  in  terms  of  the 
r e d u c t i o n  i n  s p e c i � c  s u r f a c e  a r e a  d u e  t o  � o c 
formation. �is chapter presents the experiments 
conducted to investigate how the type of cement, in 
terms of chemical properties, a�ects the dry mixing 
e�ect. �e materials and mixing procedure followed 
the experimental conditions described in the previous 
section.
4.1 Effect of Cement Specific Surface Area
(1) Overview of the Experiment
   Using four types of cement with di�erent speci�c 
surface  area s  (L, M, N,  and H) ,  the  re lationship 
between slump �ow and speci�c surface area was examined. 

To isolate the e�ect of cement speci�c surface area, 
the admixture dosage was �xed at 0.65% and the dry 
mixing time at 30 seconds. �e total volume varied 
due to di�erences in the density of each cement type. 
However, volume variations were not considered for 
L, M,  a n d  N,  a s  t h e  i m p a c t  w a s  a s s um e d  t o  b e 
negligible.
(2) Results and Discussion
　Figure 3 shows the slump �ow results for each type 
o f  c em ent .  A l th o ug h  th e  l ow-h e at  c em ent  (L) , 
moderate-heat cement (M) ,  and ordinary Portland 
cement (N) have similar speci�c surface areas, their 
slump �ows di�ered signi�cantly. Taking low-heat 
cement (L)  as the reference, the slump �ow of the 
moderate-heat cement (M) was 23.0 cm lower than 
that of the low-heat cement (L) ,  and for ordinar y 
cement (N), the slump �ow could not be measured, 
and only slump of 6 cm was observed. Despite having 
similar speci�c surface areas, the large di�erences in 
�ow sug g est  that  cement composition a lso has  a 
signi�cant in�uence.
   Additionally, the high-early-strength cement (H) has 
a speci�c surface area approximately 1000 cm²/g larger 
than the other  cements .  It  i s  bel ie ve d that  more 
admixture was consumed during pre-adsorption due 
t o  t h e  l a r g e r  s u r f a c e  a r e a ,  l e a v i n g  i n s u � c i e n t 
admixture for post-adsorption and resulting in no 
slump �ow being observed.
4.2 Effect of Cement Composition
(1) Overview of the Experiment
   In Section 4.1 ,  it  was obser ved that slump �ow 
varied signi�cantly even among cements with similar 
speci�c surface areas. �is suggests that �uidity is also 
in�u en c e d  by  th e  c h em i ca l  c omp o s i t i on  o f  th e 
cement. �erefore, the relationship between slump 
�ow and the cement composition for each type of 
cement was examined.

(2) Results and Discussion
   Among the cement components, an approximate 
correlation was obser ved between the content of 
tricalcium aluminate (herea�er, C₃A) and slump �ow. 
Accordingly, the relationship between slump �ow and 
C₃A content is shown in Figure 4. For cements with 
s imilar  sp e ci�c  surface  area s̶namely  low-heat , 
moderate-heat, and ordinary Portland cement̶the 
C₃A content increased in the order of low-heat cement 
(L) < moderate-heat cement (M) < ordinary cement (N), 
while the slump �ow decreased in the order of low-heat 
cement(L) > moderate-heat cement (M) > ordinary cement 
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Figure 6: Dry Mixing Time and Flow

Figure 7: Dry Mixing Time and 
Residual Amount of Admixture
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(N).  �is con�rms that slump �ow decreases as the 
C₃A  c o n t e n t  i n c r e a s e s .  � e  p r e - a d s o r p t i o n  o f 
admixture due to the initial hydration of C₃A is a 
p o tenti a l  re a s on  f or  th e  re du c e d  s lump  � ow  in 
c em ents  w i th  h i g h  C₃A  c o nt ent 4 ) 5 ) 6 ) .  S i n c e  th e 
adm ixture  i s  preferentia l ly  adsorb e d onto C₃A , 
cements with higher C₃A content exhibit increased 
pre-adsorption at stage B in Figure 1, resulting in a 
lower residual amount of admixture in the l iquid 
p h a s e .  � e  a m o u n t  o f  a d m i x t u r e  a v a i l a b l e  f o r 
post-adsorption at stage D in Figure 1 is reduced. 
Consequently, the residual amount of admixture at 
the  end of  mixing  b e comes  insu�cient ,  thereby 
reducing the slump �ow. �erefore, di�erences in 
slump �ow can be attributed to factors beyond speci�c 
surface area, even when the values are similar.
4.3 Influence of Cement Type on Dry Mixing Effect

Figure 4: Slump Flow and C₃A Content

Figure 5: Dry Mixing Time and Slump Flow

(1) Overview of the Experiment
   In Sections 4.1 and 4.2, it was con�rmed that the 
slump �ow of various cements is signi�cantly a�ected 
by the C₃A content. Based on this, it was assumed that 
the dry mixing e�ect also varies depending on the C₃A 
content. �erefore, the in�uence of dry mixing time 
w a s  e x a m i n e d  u n d e r  d i � e r e n t  C₃A  c o n t e n t 
conditions.  Low-heat cement and moderate-heat 
cement were selected for the experiment, as slump 
�ow measurements were possible when a �xed amount 
of admixture was added to these cements.
(2) Results and Discussion
   Figure 5  shows the  re lationship b et we en dr y 
m ixing  t ime and s lump �ow.  For  b oth  low-heat 
cement and moderate-heat cement, the maximum 
slump �ow was observed at a dry mixing time of 90 
seconds.  Even with cements with di�erent C₃A 
contents, an increase in slump �ow with longer dry 
mixing time was con�rmed.
  Additionally, at dry mixing times of 0 seconds and 
30 seconds, a di�erence in slump �ow of 20 to 30 
cm was observed between the low-heat cement and 
moderate-heat cement. In contrast, at a dry mixing 
time of 90 seconds, there was almost no di�erence 
in slump �ow between the two cements. Since the rate 
of  increa se  in  s lump �ow with  dr y  m ixing  t ime 
di�ered between the cements with similar speci�c 
surface areas, it is presumed that dry mixing caused 
di�erences in the amount of admixture adsorbed onto 
C₃A.
   Since the C₃A content is  lower in the low-heat 
c ement  than in  the  mo derate -heat  c ement ,  i t  i s 
considered that in cases of short dry mixing times (0 
seconds  a n d  30 seconds ) ,  t h e  a m o u n t  o f 
admixture pre-adsorbed as shown in Figure 1B was 
l o w e r  f o r  t h e  l o w - h e a t  c e m e n t  t h a n  f o r  t h e 
moderate-heat cement. As a result,  the amount of 
admixture available for post-adsorption in Figure 1D 
was insu�cient for the moderate-heat cement, leading 
to a smaller slump �ow compared to the low-heat 
cement.  On the other  hand,  in cases  of  long dr y 
mixing times (90s), it is inferred that the apparent 
speci�c surface area available for C₃A adsorption 
decreased due to �oc formation shown in Figure 1A. 
Consequently, the amount of admixture pre-adsorbed as 
shown in Figure 1B decreased, and as shown in Figure 
1D, enough admixture remained for post-adsorption in 
b o th  th e  l ow-h e at  an d  m o d erate -h e at  c em ents , 

resulting in similar slump �ow values.

5. Effect of Increased Aluminate Phase on 
Slump Flow
(1) Overview of the Experiment
   In Chapter 4, it was con�rmed that the e�ect of 
dry mixing varied depending on the type of cement. It 
was also inferred that prolonged dr y mixing could 
reduce the amount of admixture pre-adsorbed onto 
C₃A. However, since the types of cement di�ered, the 
in�uence of components other than C₃A could not be 
excluded. �erefore, in this chapter, in order to focus 
solely on C₃A, onto which admixture is preferentially 
adsorbed, an experiment was conducted by partially 
replacing the low-heat cement with aluminum oxide 
powder (hereina�er referred to as alumina powder). 
�e replacement ratio of alumina powder to low-heat 
cement was set at 1% by weight of cement. �e 
comparison was made using the fol lowing three 
patterns:
1.Dry mixing for 30s
2.Dry mixing for 30s (with 1% alumina)
3.Dry mixing for 90s (with 1% alumina)
�e materials and mixing procedures were the same as 
those described in Chapter 4. In addition, since the 
replacement ratio was  only  1% ,  i ts  e�e ct  on the 
speci�c surface area was considered negligible, and 
di�erences in speci�c surface area a�er replacement 
were not taken into account.

(2) Results and Discussion
   Figure 6 presents the slump �ow for each pattern, 
and Figure 7 presents the corresponding residual 
amount of admixture.  In Figure 6,  a  decrease in 
slump �ow is observed when comparing 30-second 
dry mixing with and without 1% alumina. Figure 7 
similarly shows a decrease in the residual amount of 
admixture. Since the residual admixture was measured 
a�er the stage shown in Figure 1B (before the coarse 
ag greg ate was added ),  it  can be inferred that the 
increase in alumina powder led to an increase in the 
amount of admixture pre-adsorbed, which in turn 
reduced the amount available for post-adsorption and 
resulted in a lower slump �ow.
   In addition, when comparing the 30-second dry 
mixing with 1% alumina and the 90-second dry mixing 
with1% alumina, an increase in slump �ow was observed 
with  the longer dry mixing time. Since the  residual 

amount of admixture also increased with longer dry 
mixing , it can be inferred that dry mixing decreased 
the admixture pre-adsorption onto alumina. In other 
words, with longer dry mixing time, the �ocs formed 
by cement particles likely reduced the speci�c surface 
area of the alumina powder (see Figure 1A), leading 
to a decrease in admixture pre-adsorption.
  C o m p a r e d  t o  30-second  d r y  m i x i n g ,  t h e 
90-second dry mixing with 1% alumina resulted in 
higher slump �ow and a greater residual amount of 
admixture. �erefore, the increase in slump �ow due 
t o  90 seconds  o f  d r y  m i x ing  o ut we i g h e d  th e 
reduction caused by admixture pre-adsorption onto 
1% alumina.
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6 .  M i x i n g  P r o c e s s  I n f e r r e d  f r o m 
Experimental Results
   Figure 8 illustrates the mixing process that takes 
into account both the dry mixing time and the e�ects 
of cement components discussed in Chapters 4 and 
5.  Based on the present study,  the mechanism of 
i m p r o v e d  � u i d i t y  t h r o u g h  d r y  m i x i n g  c a n  b e 
explained in the following sequence.
A) Dry Mixing Stage

�e surface water present on the �ne aggregates 
initiates  a  hydration reaction with the cement 
particles .  As the hydration beg ins,  the cement 
particles become electrochemically unstable, leading 
them to aggregate in order to reach a more stable 
state. �is aggregation results in the formation of 
�ocs. It is inferred that the �ocs grow larger with 
longer dry mixing time, leading to a reduction in 
the speci�c surface area of cement (especially C₃A) 
available for admixture adsorption.

B)Mortar Mixing Stage
When the admixture is added, it adsorbs onto the 
surface of the �ocs, preferentially onto C₃A.

C)Concrete Mixing Stage
�rough mixing with the added coarse aggregate, 
the �ocs break apart.

D)A�er Completion of Mixing
� e  re s i dua l  a d m i xture  in  th e  l i qu i d  p ha s e  i s 
adsorbed onto the unhydrated cement surfaces 
exposed by the disintegration of the �ocs. 

   In the mixing process in Figure 1, it was previously 
inferred that the e�ect of  dr y mixing leads to an 
increase in slump �ow due to a reduction in the �oc's 
sp e ci�c  surf ace  area  cause d by  the  formation of 
cement particle �ocs at stage A, and a decrease in the 
amount of admixture adsorbed in advance at stage B, 
resulting in a greater amount of admixture available 
for post-adsorption at stage D.
   However,  the present study focused on cement 
c omp on ents  an d  c on�rm e d  that  e ven  wh en  th e 
speci�c surface area of the cement is the same, the 
amount of residual admixture varies depending on the 
C₃A  content.  �erefore,  i t  was  inferre d that  dr y 
mixing causes the C₃A speci�c surface area to decrease 
due to �oc formation at stage A, and that the amount 
of admixture preferentially adsorbed onto C₃A at 

Figure 8: Mixing Process 
Inferred from This Study

7.Conclusion
�e �ndings obtained in this study are summarized as 
follows:
(1) For the mix designs used in this study, an increase 
in  s lump  � ow  wi th  l ong er  d r y  m i x ing  t im e  wa s 
con�rmed for all types of cement: low-heat cement, 
moderate-heat  cement,  and a lumina-substituted 
low-heat cement.
(2) Even when dry mixing time was constant and the 
speci�c surface area of cement was similar, slump �ow 
di�ered depending on the cement composition. �is 
di�erence was attributed to the amount of admixture 
preferentially adsorbed onto C₃A. With longer dry 
m i x ing  t im e ,  su� c i ent  a d m i xture  rema in e d  f or 
p ost- adsorption e ven in  c ements  with  d i�erent 
compositions, resulting in similar slump �ow.
(3) It was inferred that two mechanisms contribute to 
the increase in slump �ow : (1) a reduction in the 
sp e ci�c  surf ac e  area  of  c ement  p ar tic les ,  wh ich 
decreases admixture adsorption, and (2) a reduction 
in the amount of admixture preferentially adsorbed 
onto C₃A. �ese mechanisms allowed more admixture 
to remain for post-adsorption.

�ese results  were  obta ine d using hig h-streng th 
concrete mix designs in this study. Going forward, 
further detailed investigation will be conducted to 
determine whether similar results can be obtained 
with other high-strength concrete mix designs and 
with normal concrete, in order to evaluate the general 
applicability of the mixing process inferred in this 
study.
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sta g e  B  i s  re duc e d ,  wh ich in  turn increa se d  the 
amount of admixture available for post-adsorption at 
stage D, resulting in increased slump �ow.
   Accordingly, the following two main factors can be 
considered to contribute to the increase in slump �ow 
due to dr y mixing :  the reduction in surface area 
available for admixture adsorption caused by �oc 
formation of  cement particles ;  and the apparent 
de crease  in  the C₃A  spe ci�c surface  area ,  which 
reduces the amount of admixture adsorbed in advance.

References

Admixture

Dry mixing time

Short

Dry mixing time

Long

Cement components other than C₃A


	【英語】常温空気による砂乾燥のメカニズム
	【英語】アスファルトプラントにおけるベテランオペレータのバーナ運転を模倣する運転支援システムの開発
	【英語】排ガスに含まれる水蒸気の凝縮潜熱を利用した砂乾燥システム
	【英語】高強度コンクリートの練混ぜ過程における条件およびアルミネート相の増量がスランプフローに与える影響
	【英語】AP用水素バーナによるアンモニア熱分解ガスの燃焼
	【英語】Hydro+H2eat（ハイドロヒート）の開発　～温風ヒーターへの水素燃料の利用



