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A mixing procedure for mitigating the change in self-compacting performance
over time of fresh concrete with carbonated water

Kyoka SATO
ABSTRACT

Self-Compacting Concrete (SCC) is useful for improving construction efficiency and reducing
workload by taking advantage of its fluidity in the formwork, since it is filled by the action of gravity
to every corner of the formwork with dense reinforcing bars. Fresh concrete gradually loses softness
from the time of kneading due to the progress of cement hydration reaction, which may hinder
construction. Concrete should normally maintain its self-compacting performance for 2 hours after
production, preferably 3 hours in the case of self-compacting concrete, which cannot compensate for
self-compacting performance by vibratory compaction, considering transportation time and time for
placing on site. As a technique to prevent the softening of cement as the hydration reaction progresses,
Poly carboxylic acid-based high-performance AE water reducers have been developed and are
commonly used for self-compacting concrete.

Kochi University of Technology has focused on the effect of sucrose addition to inhibit the hydration
reaction of cement and has confirmed the effectiveness of sucrose addition to inhibit the decline in
self-compacting performance of fresh concrete with the passage of time. However, it was found that
the addition of sucrose did not result in the development of strength at the age of one day. On the other
hand, it was confirmed that the use of commercially available carbonated water as mixing water had
no effect on the initial strength development, while it suppressed the decline in self-compacting
performance over time.

In this study, we explored a new method to suppress the decline of self-filling performance over
time without affecting the initial strength development by using carbonated water as mixing water
instead of sucrose. The procedure of mixing with carbonated water to minimize the change of self-
compacting performance over time was explored for the relative flow area ratio, which is an index of
softness of fresh mortar that constitutes self-compacting performance, and the funnel flow velocity
ratio, which is an index of viscosity.

It was confirmed that the decrease in softness of fresh mortar over time is suppressed by carbonated
water mixing because the amount of high-performance AE reducer added to obtain the required
softness immediately after mixing is about twice as large as the required amount. The increase in the
required amount of additive may increase the amount remaining in the cement immediately after
kneading, which is gradually adsorbed over time to maintain the softness.

As the kneading time increases, dispersion between cement particles increases and the total surface
area of the cement particles increases, the required amount of high-performance AE thickener added
becomes larger and the amount of softness decrease over time can be reduced. We found that the
relationship between the amount of high-performance AE reducer added to obtain the specified
softness at the time of kneading and the amount of decrease in softness up to 3 hours after kneading is
almost constant, regardless of the season, the amount of thickener added, or whether or not soda water
is used. By using this relationship, it is possible to establish an efficient formula determination method
in actual production using the amount of high-performance AE water reducer added to obtain the
specified softness at kneading as an indicator.
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1% 2 BREDRBRT—4

($4F HECHBMORRICKLZBHELOME] CEMLAERT — X 2R3 ([HHE
-1, 2, 3),

&-1 EHFAIFHME

G K VMA e HAFRME | SitEe AE BIKA
(g/m?) @) FNNE(Cx%)
16 BE&K(BA) 200 0.13 2.90
17 E&K(BH) 200 0.13 3.00
18 E&K(BH) 200 0.13 2.70
19 E/K@BA) 200 0.13 2.75
20 E/K@A) 200 0.13 2.00
21 RE&K(LA) 200 0.13 2.50
22 RERIK(11A) 200 013 2.60
23 RERIK(11R) 200 0.13 2.80
24 RBERIK(11R) 200 0.13 2.80
25 RERIK(11R) 200 0.13 2.00
26 K(11AR) 200 0.13 1.20
27 K@ALA) 200 0.13 1.40
28 K@ALA) 200 0.13 1.50
29 K@ALA) 200 013 1.70
30 K@ALA) 200 013 0.90
31 RERIK(12R) 200 0.13 2.30
32 RERIK(12R) 200 0.13 2.60
33 mE&IK(12 ) 200 013 2.80
34 xE&K(128) 200 013 3.00
35 K(12R) 200 013 1.20
36 K(12R) 200 0.13 1.20
37 K(12R) 200 0.13 1.40
38 K(12R) 200 0.13 1.50
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R-2 HELEMN

No. IRAEEY B5fE | 2R Y B
(s) (s)
16 60 30
17 90 30
18 120 30
19 180 30
20 120 -
21 60 30
22 90 30
23 120 30
24 180 30
25 120 -
26 60 30
27 90 30
28 120 30
29 180 30
30 120 -
31 60 30
32 90 30
33 120 30
34 180 30
35 60 30
36 90 30
37 120 30
38 180 30

£-3 BEEICBTRACHR

No. | 7P~ |o—rmTEm  BE
(mm) ©) (°C)
16 246 9.25 20.6
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271 10.84 21.7
269 11.38 213
268 11.94 21.0
251 6.97 20.8
277 7.76 21.8
17
276 8.04 21.6
273 9.41 21.6
249 7.44 22.1
258 8.00 22.0
18
265 8.97 22.2
250 10.81 22.1
256 6.10 23.4
264 7.09 23.2
19
261 7.67 22.2
251 9.83 22.2
249 13.81 19.5
251 17.09 21.6
20
247 17.58 215
239 18.47 21.8
250 7.22 19.9
260 0.37 21.7
21
250 10,51 218
238 12.62 21.8
252 7.28 20.4
255 8.57 21.6
22
246 10.46 21.8
244 14.01 21.6
23 250 6.49 20.8
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250 7.45 221
248 9.28 21.8
241 11.81 21.7
253 4.38 223
243 5.63 223
24
247 6.52 23.8
236 8.56 21.1
255 8.00 19.5
271 9.43 20.7
25
270 10.45 20.7
260 11.15 19.2
250 3.82 19.9
198 6.35 20.9
26
166 10.56 21.0
102 60.01 21.2
253 3.40 20.5
218 5.00 21.2
27
192 7.87 21.2
149 15.19 20.8
255 2.89 20.7
233 3.69 21.4
28
208 5.71 214
261 9.59 21.2
255 2.30 21.9
236 3.28 21.9
29
207 5.17 21.6
173 9.56 215
30 250 6.46 18.9
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191 10.75 20.5
150 19.06 20.7
120 - 20.7
248 5.72 19.7
245 8.05 20.7
31
239 8.96 20.6
225 11.66 20.1
255 4.95 19.7
252 7.10 20.6
32
250 8.53 20.1
233 10.78 19.9
248 4.87 20.1
251 6.85 20.5
33
241 7.56 20.1
234 9.37 20.1
248 5.30 21.9
250 6.60 21.8
34
240 8.96 20.6
236 9.30 20.1
255 4.22 20.1
206 6.72 20.1
35
175 11.53 19.7
141 21.65 19.7
250 3.56 20.1
203 6.03 20.3
36
173 10.44 20.1
135 25.47 19.7
37 255 3.06 20.7
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223 4.44 20.7
200 7.03 19.8
265 11.28 20.0
250 2.66 22.0
220 4.28 21.2
38
195 6.81 20.7
165 11.03 20.2

(F8%1 WARMZIC & 5 EESREMEADEE] CTHEA L2ERT — ¥ 277 ((FTiR&k-
4, 5, 6),
£-4 BRAIFME (WA FMEDEL)
o, - VMA I HABIAME | SRR AE BKH
(g/m?3) () FAINE(Cx%)
39 R ERK 100 0.06 2.30
40 RE&IK 100 0.06 1.90
a1 RE&IK 200 0.13 2.30
42 RBRIK 200 0.13 2.40
43 RERK 300 0.19 3.20
44 RERK 300 0.19 2.80
&5 B (MAFNEDELY)
No. LR BERE | 2RE&R L) BFE
(s) ()

39 60 30

40 180 30

41 60 30

42 180 30

43 60 30

44 180 30

®-6 FESICHEITHAERER WA FNEDEN)
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No. | 7P |o—rmTEME W EE
(mm) () (°C)
255 3.52 18.1
267 4.65 188
39
255 5.62 185
240 7.42 18.1
248 3.01 20.4
225 3.64 20.3
40
201 5.56 20.3
191 6.27 18.9
250 4.56 18.0
254 5.77 18.3
41
248 6.43 18.0
232 7.45 17.8
255 3.50 20.5
246 4.37 20.3
42
234 6.08 20.3
220 7.12 19.3
248 4.68 17.8
269 6.28 19.1
43
261 7.32 19.1
257 7.68 19.2
249 4.65 19.2
245 5.53 20.1
44
242 6.80 19.0
227 8.50 19.0
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(4.2 WELRMEHNSPHAEFMEICEZ ZHZEDOBRE] CHEM LERT —¥ 277

(f+8x&-17, 8, 9),
-1 EMFRMNE GELRMOER)

o - VMA e HAFRME | SitEe AE BIKA
(g/m?3) @) FNNE(Cx%)

45 R ERIK 200 0.13 2.70

46 R ERIK 200 0.13 2.40

47 RERK 200 0.13 2.50

48 &K 200 0.13 2.60

£-8 RELFRHN (RELFREOER)

No. IR Y B | 2R Y B5RE
(s) (s)

45 120 30

46 180 30

47 240 30

48 300 30

£-9 FWEICETHAERE FELHMOER)

No. | 7P~ |m—rmEsmal  BE
(mm) () (°C)
247 4.84 19.3
265 5.46 189
45
260 6.08 180
251 6.94 18.0
250 3.71 19.7
256 4.58 19.5
46
241 5.37 18.7
230 6.50 17.9
255 3.20 20.8
47
256 3.99 20.1
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245 4.71 19.7

235 6.20 19.3

256 2.89 21.1

257 3.61 20.3
48

251 4.19 19.8

245 5.44 19.3
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CIESWE L, LEVERLBE L B ET,

PEfEPe AL, B CORIFFERR & L TRWEIRD G O ZE RS oMM 28218
TEL, LRVEILHP L BT ET,

MR EAICIE, 27 U — MBS 2 SR A 50l b EBROMRE, Z< DL x2 D
HIREEE LT, LDEXVEILR L BT ET,

AR EAT O DT o T, RO EA > TL &S o7, & I EiToTE 7z
a7 — MIFFRED A =120, BROFIRWDCHRICE > TWEZE £ L, L&D
IR L B ET,

BIEIZ, R KRBt L 6 FEMIC Do TEZH R TH A T E I oL FRICH L TL LY
IR L B ET,

UEDE ST, < D2 DBHIRAD S EAMEZMED D Z N TEE L, ZO%%
BHY L CERICEHOBEEZERLET,

2025 -1 A ek mE
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