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FINENESS OF AIR BUBBLES AFFECTED BY MIXING PROCEDURE IN
MORTAR IN SELF-COMPACTING CONCRETE

1. INTRODUCTION

Sovannsathya RATH* Anuwat ATTACHAIYAWUTH*?, Masahiro OUCHI*

1.1 Air-enhanced self-compacting concrete
high strength self-compacting distribution test of hardened mortar samples were
concrete (SCC) has been used particularly in congestedonducted following standard test method for
reinforcing concrete and in complicated formwork microscopical determination of parameters of the
where usage of vibrator was difficult or impossible. air-void system in hardened concrete (ASTM C 457),
Air-enhanced self-compacting concrete (air-SCC) wasprocedure A [2]. Each mortar sample was casted in
developed to reduce unit cost of SCC by decreasingcylinder mold of diameter 100mm and height 200mm.
cement content. Air-SCC is a normal strength concreteThree pieces were extracted from each hardened mortar
with sufficient self-compactability level specified by sample at three positions (top, middle, and bottom).
JSCE (R) [1]. By increasing the water to cement ratio Thickness of each piece was 50mm. Both base sides of
(W/C) and increasing the fine aggregate to mortar ratioeach piece were polished by grinding and gently
(s/m), target air content of about 10% in air-SCC wascleaned before the microscopical air-void distribution
required to be stable with fine air bubbles to mitigate test. Area for investigation was 60x60 fmeand total

the self-compactability. In this study, W/C was 45% by traversed length was 2615.9 mm. Parameters obtained
weight and s/m was 55% by volume. Mix-proportion of from the measurement included total air content,

Conventional

SCC and air-SCC are shownTable 1.
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Table 1 Examples of mix-proportion of SCC and

air-SCC
(% by
weight) | (kg/1n? of concrete volume)
SCC 30 188 627 763 772
air-SCC 45 134 298 1076 724

*water including SP and AE; W: water, C: cement, S:
fine aggregate, G: coarse aggregate

1.2 Objective of research
Objective of this study is to identify the effects of DIFFERENT MIXING PROCEDURE

mixing procedure and mix-proportion on fineness of air

1.3 Linear traverse method
To evaluate fineness of air bubbles, air

specific surface of air and spacing factor. Total air
content is a proportion of the air bubbles volume in the
total volume of mortar and expressed as percentage by
volume. Specific surface of air is defined as the surface
area of the air bubbles divided by their volume and
expressed in mAmm®. Specific surface area is an
index indicating fineness of air bubbles. Higher value
of specific surface area of air means finer air bubbles
were obtained. Spacing factor is a parameter related to
the maximum distance in the cement paste from the
periphery of an air bubble and expressed in mm.

2. FINENESS OF AIR BUBBLES AFFECTED BY

bubbles. Understanding the effect of each parameterg-1 Mixing procedure and mix-proportion

including mixing methods, mixing time with AE,

Modification on mixing procedure was found

mixing time with SP, and dosage of AE or SP, is beneficial to produce satisfied air stability [3]. In this

beneficial for adjustment process to achieve any targeftudy, experiments were conducted with mortar of
air content with satisfied stability of air and finer &ir-SCC. Mixer with rotation speed of 1405 rpm was

system of air bubbles.
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used. Different mixing procedures of mortar are shownwere measured. The funnel speed was calculated from
in Fig. 1. Method A is a simple mixing method in the V-funnel flow-through time {t as shown in Eq. 1.
which after fine aggregate and cement were mixed forAir content at hardened stagenfand specific surface

30 seconds; water, SP, and AE were added and mixedrea of air ¢) were determined through linear traverse

for another 120 seconds. method. All these parameters are showmahle 3.
Method B is called water-dividing mixing
method in which water was divided into two portions. R,, = 10/t, Q)

The first portion of water was fixed at 20% of cement
weight. First of all, fine aggregate and cement wereTable 3 Properties of mortars produced by different
mixed for 30 seconds. Then, the first portion of mixing mixing procedure
water and SP were_added gn_d mixed for 60 seconds. Name of | Flow Av | Ag | An o
Finally, the rest portion of mixing water and AE were| Rm o o o (mn#/
- sample | (mm) (%) | (%) | (%) P
added and mixed for the last 60 seconds. mnT)
Method C is a mixing method in which SP and _AE0-04%A | 259 | 2.35 | 17.5 | 144 | 128 14.79
AE were separated from each other but without AE0.04%B | 270 | 3.27 | 70 | 81| 7.1 | 17.35
dividing water. First of all, fine aggregate and cement AE0.04%C | 267 | 2.26 | 8.9 | 10.4] 10.6 | 14.65
were mixed for 30 seconds. Then, water and SP wereAg0.20%A | 180 | 1.56 | 29.4 | 24.6 | 22.0 | 15.69
added and mixed for 60 seconds. Finally, AE was addedago.20%B | 258 | 3.18 | 9.8 | 106| 8.8 | 22.38

and mixed for the last 60 seconds. AE0.20%C | 264 | 2.46 | 11.3 | 13.1 | 12.0 | 18.02

| C+S | | W+SP+AE | (1) Stability of air affected by mixing procedure
Relationship between initial air content and the

Method A:  V305€Cy 120 sec > variation in air content in 2 hours produced by method
A, B and C at AE dosage of 0.04% and 0.20% of
I C+S | I W.+SP | | W2+AE | cement weight is shown Fig. 2. At any dosage of AE,
30 sec \L 60 sec \L 60 sec initial air content produced by method A was largely
Method B: > > > higher than that produced by method B or C. On the
| C+S || W+SP | | AE | other hand, the stability of air was adequate with
method B or C whereas the dramatic decrease in air
Method C: J0scey Ohsm oy Shew o content in 2 hours was occurred with method A.
Fig. 1 Different mixing procedure of mortar; = 3
W =W, +W,, W; = 20 % of cement weight S P :‘__-___:___:___:___
£o1 L.ﬁJLL BAE0.04%-A
Materials used for mortar experiments in this 3‘(’»\; 0 —o | WAF0.04%-B
study are shown iffable 2. Ordinary portiand cement € 5 :% R 'AEO'OA':/"'C
and crushed limestone sand were used. In this section, = £ 3 __:L__J:__J:_'E___:L__:L__ ‘AEO'ZOO/‘"A
polycarboxylic based SP with viscosity agent, and AE S ¢ -4 |--r--¢--4-Sroom oo ‘AEo'zoo/"'B
of vinsol resin were used. Tests were conducted with -% - _55; "‘f“}"T":"T“,‘" AAED.20%-C
two groups of three mortar sampl_es produced by > 0 5 10 15 20 25 30 35
mixing method A, B and C with the same
mix-proportion at AE dosage of 0.04% and 0.20% by Initial air content (%)

cement weight. In all cases, W/C was 45% by weight, Fig. 2 Effect of different mixing procedure on initial
s/m was 55% by volume, and SP dosage was 1.4% of air content and stability of air in fresh mortar
cement weight.

When SP was added and mixed before AE (in the

Table 2 Materials used for mortar experiments case of method B or C), the electro-steric action of SP
Cement (C) Ordinary Portland cement enables the dispersion of cement particles and releasing
(3.15g/cm) more pockets water into the mixture resulting in higher
Fine aggregate | Crushed limestone sand flowability as seen infable 3. After adding AE, the
(S) (2.68g/cri, F. M. 2.96) well dispersed cement particles surrounded by negative
Superplasticizer SP;: Polycarboxylic based with charge of the polar_chain ar_1d the steric hindrance would
(SP) viscosity agent prevent the adhesion of air bubbles on the surface of
SP.: Polycarboxylic based cement particles providing less space for other air
. - AE: Alkyl ether-based anionic bubbles to be created. Furthermore, the well dispersed
Air-entraining | o\ ¢ ante mixture could enhance the stability of air by reducing
agent (AE) AE,: Vinsol resin the rupturing of air bubbles due to friction between
particles. Therefore, method B and C produced lower
2.2 Results initial air content with better stability of air then

At fresh stage, mortar flow, funnel speed,JR  Method A. A slight increase in air content in 2 hours

initial air content (4y), and air content at 2 hours4  With method B or C was due to the coalescence
between air bubbles forming a larger one with bigger
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volume than the sum of the original ones. The Share of air content at five chord length ranges of
re-mixing of mortar for few seconds before test could air bubbles of these six mortar samples is shoviign
also cause extra air bubbles. 5. When dosage of AE increased from 0.04% to 0.20%
of cement weight, in case of method A, share of air
(2) Improvement of fineness of air bubbles by mixing content at each chord length was not changed which
procedure and dosage of AE means the fineness of air bubbles was not improved. On
Relationship between funnel speed and specificthe other hand, with method B or C, share of air content
surface of air of mortar produced by different mixing of chord length smaller than 0.3mm increased while
procedure is shown iRig. 3. Within the same dosage that of chord length larger than 0.5mm decreased which
of AE, the mortar mixture of higher flowability means the fineness of air bubbles was improved. Since
(indicated by R) possessed higher value of specific method B or C could hinder the formation of coarse
surface of air. This result showed that method B and Csize air bubbles, increasing dosage of AE would
produced finer system of air distribution than method Aincrease mostly the fine size air bubbles and stabilize
especially at higher dosage of AE. This result could bethem from coalescence or rupturing. This result showed
explained in accordance to the dispersing of the mixturethat with an effective mixing procedure, higher dosage
When the mixture was more dispersed, the repulsiveof AE improved the fineness of air bubbles.
force between particles was increased thus lowering the

formation of coarse size air voids (which had lower 100

pressure than the smaller ones). Therefore, the content o 80 md>0.8mm
of coarse size air bubbles in method B or C would be § ®0.5mm<d<0.8mm
lower than that in method A. = 60 0.3mm<d<0.5mm
Ev 40 =0.1mm<d<0.3mm

s 24 s 20 md<0.1mm

e A | WAE0.04%-A &

O& 20 booo L BAE0.04%-B 3

SE 1wt A---gg | wAE0.02%-C & q

3L 16+ A W AAE0.20%-A R

QE 14 - e AAE0.20%-B

&é_ 13 T . - - A AE0.20%-C Fig. 5 Share of air content of mortars produced by
n method A, B or C

Funnel speed of mortar; Ry, 3. FINENESS OF AIR BUBBLES AFFECTED BY
Fig. 3 Specific surface area of air of mortars VARIATION IN MIXING TIME

produced by different mixing procedure

S 3.1 Mixing procedure and mix-proportion
Air distribution of mortars produced by method In this section, method C was modified ag, C
A, B or C at AE dosage 0.20% of cement weight is and G, to clarify respectively the effect of mixing time
shown inFig. 4. Method B produced the finest system with AE (“y”) and mixing time with SP (“x") on
of air bubbles among these three mixing methods.Withfineness of air bubbles. The mixing procedures of these
the same mix-proportion, method A produced largely mixing methods are shown Fig. 6. The mixing time
higher initial air content than that of method B or C. with AE, “y”, was varied at 1 minute, 2 minutes and 3

However, most of the excessive content of air producedminutes. The mixing time with SP, “x”, was varied at 0,
by method A was the coarse size air bubbles. It wag 5 minute, 1 minute, and 2 minutes.

interestingly observed that the content of coarse size air
bubbles was considerably decreased when method B ot

C was used. L c+s | [ wesp | | AE |
”s Method Ci ; 30 sec> 60 sec > y >

(=]

S 20 [ ces |[ wesp | [ e |

©

< 15 | Method C, »: \1/30560\\1/ X \\l/ 120 sec

gf; 1.0 | Fig. 6 Mixing procedure of method C,, and C,,

c

S o5 | . .

c = In each case, the mix-proportion was kept the
< 00 same by varying only the mixing time. W/C was 45%

by weight and s/m was 55% by volume. In case of
clarifying the effect of “y”, SP of polycarboxylic based
Chord length of air void (mm) with viscosity agent and AE of vinsol resin were used.
The dosage of SP and AE was 1.4% and 0.08% of
cement weight respectively. In case of clarifying the
effect of “x”, SP of polycarboxylic based and AE of

Fig. 4 Air distribution of mortars produced with AE
dosage of 0.20% of cement weight
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vinsol resin were used. The dosage of SP and AE wasoarser size air bubbles.
0.8% and 0.08% of cement weight respectively.

. . . . 18
3.2 Case 1. effect of mixing time with AE ® 17 e [
The properties of three mortar samples tested in G _ 14 I
this case are shown Trable 4. g E 15 f---n- N
. . 585 14 f-----mmmmmmmmmm i
Table 4 Properties of mortars produced by different 2 E 13 oo
mixing time with AE B 12 b
Name of Flow | o | A | Az | A a L ;’-). 11 | SPy(1.4%)+AE,(0.08%)_C,, -
sample (mm) (%) | (%) | (%) (rrnn ) 10 ' - -
0 1 2 3 4

C11-AE0.08% | 235 235|131 | 140 | 143 | 15.03

Mixing time with AE, "Y" (mi
C.,AE0.08% | 238 | 2.39| 17.2 | 17.4 | 17.4 | 17.17 ixing time with AE, "Y" (min)

Fig. 8 Effect of mixing time with AE on specific
surface of air

C13AE0.08% | 249 2.27| 21.0| 204 | 17.3 | 16.53

(1) Stability of air affected by mixing time with AE
The relationship between initial air content and
the variation in air content in 2 hours is showrrig. 7.

Air distribution of mortars produced by different
mixing time with AE is shown irFig. 9. When the
g : . 2 - . mixing time with AE was increased from 1 minute to 2
Lpnger mixing time with AE resul_te_d in higher initial minutes, the air content of chord length smaller than
air content and lower stability of air in 2 hours. Longer 0.45mm was increased while that of the larger chord
mixing time W'.th AE means I_onger time of shearmg_ length was slightly varied. When the mixing time with
action of the mixture thus providing more chance for ar AE"was increased to 3 minutes, the content of fine size

bpbbles to be crea}ted. With the same dosage of AEqir bubbles was slightly decreased while the content of
higher content of air was less stabilized than the lowery 5 se size air bubbles especially with the chord length
content of air. larger than 0.60mm was increased. This result was due
to the coalescence between air bubbles forming the

2 . ) . X
larger size of air. The larger size air bubbles were less

=1mi . . . . .
Y E” R stable than the finer ones thus resulting in reduction in

air content as shown iRig. 7. Therefore, within this

=

<
[J]
S5
8&
© £ 0 - study scope, the improvement on fineness of air
=2 1 _. . bubbles was able to achieve with increasing in the
SN - y=3min .. . ith AE to 2 minut
2 c SP.(1.4%)+AE,(0.08%)_C, mixing time wit up to 2 minutes.
8=,
S 0 5 10 15 20 25 =~ 25
Initial air content (%) C\h_. 20
Fig. 7 Effect of mixing time with AE on initial air <‘c" '
content and stability of air in fresh mortar = 1°
o | g 10
(2) Effect of mixing time with AE on fineness of air S
bubbles o 05
The relationship between mixing time with AE < 00
and specific surface of air is shown kig. 8. When
mixing time with AE was increased from 1 minute to 2
minutes, the specific surface of air was considerably Chord length of air voids (mm)
increased. However, prolonging the mixing time with Fig. 9 Effect of mixing time with AE on air
AE to 3 minutes slightly lowered the value of specific distribution of mortar

surface of air. This result showed that an optimum

mixing time with AE existed, the time in which the 3 3 case 2: effect of mixing time with SP
finest SyStem of air distribution could be obtained. The properties of four mortar Samp'es tested in
When the shearing action of the mixture was increasednis case are shown iable 5.

due to longer mixing time of AE, more fine size air

bubbles were formed. With enough dosage of AE, thoseraple 5 Properties of mortars produced by different
fine size air bubbles would be well stabilized delaying mixing time with SP

the rate of coalescence and rupturing of air bubbles: p
When the mixing time with AE continued to be Name|°f Flow | o Ag‘”L Ao‘zh A;“a“ (mn?/
increased, the rate of coalescence between air bublles sampe (mm) @) | %) | %) mnt’)
increased thus lowering the content of fine size airCoAE0.08% | 156 | 1.32| 27.9 | 21.4 | 18.8 | 14.97
bubbles and increasing the content of coarse size |affy5-AE0.08% | 233 | 2.02 | 19.0 | 18.3 | 15.3 | 16.15
bubbles. As a result, the stability of air was also C,,AE0.08% | 255 | 2.50 | 16.2 | 16.0 | 14.3 | 16.48

decreased due to the rupturing or escaping of thec, ae0.08% | 261 | 2.62 | 17.3| 17.3| 16.2 | 16.49
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(1) Stability of air affected by mixing time with SP 18

The relationship between initial air content and
the variation in air content in 2 hours of mortars
produced by different mixing time with SP is shown in
Fig. 10. Longer mixing time with SP resulted in lower
initial air content but improved the stability of air in 2
hours. With increasing mixing time with SP, the funnel

speed of mortar (R was accordingly increased which 11 | SP,(0.9%)+AE,(0.08%)_C, ,

Specific surface of air
(mm?2/mms3)
|_\
D

means the flowability of mortar was increased. The 10

increase in flowability was due to the increase in 00 05 10 15 20 25
dispersing action of mixture by prolonging the mixing Mixing time with SP, "x" (min)

time with SP before AE was added. The dispersed Fig. 11 Effect of mixing time with SP on specific
mixture due to SP action could hinder the formation of surface of air

coarser size air bubbles having lower pressure thus

resulting in lower air content. When the presence of Air distribution of mortars produced by different

coarse size air bubbles was lowered, the stability of aifmixing time with SP is shown iffig. 12. When the
would be improved. As can be seen frig. 10, when  mixing time with SP was increased, the content of
the mixing time with SP was changed from 0 to 0.5 coarse size air bubbles especially with chord length

minute, a significant improvement on the stability of air |arger than 0.60mm was gradually decreased.
was obtained while the initial air content was largely

decreased. When the mixing time with SP was 25

increased to 1 minute and then 2 minutes, the initial air §
content was gradually decreased and the stability of aii 5§ 20
was slightly improved. < s
€
» SP,(0.9%)+AE,(0.08%)_C, , 2 10
c c
g . x=2min 3 0.5
g& ° e . =
% 2 x=1min x=0.5min < 90
=
£8 4
KN -
g 6 =0 @ Chord length of air voids (mm)
5 8 - - - j j Fig. 12 Effect of mixing time with SP on air
> 0O 5 10 15 20 25 30 distribution of mortar

Initial air content (%
) 4. FINENESS OF AIR BUBBLES AFFECTED BY

content and stability of air in fresh mortar

. . . _ . 4.1 Mixing procedure and mix-proportion
(2) Effect of mixing time with SP on fineness of air In this section, method C was modified as
bubbles method G, as shown irfrig. 13, in which mixing time

The relationship between mixing time with SP i, Sp was 120 seconds and mixing time with AE was
and the specific surface of air is shown Rig. 11. also 120 seconds.

Longer mixing time with SP gradually increased the
specific surface of air which means the fineness of air
bubbles was improved. While longer mixing time with | C+S | | W+SP | | AE |
AE improved the fineness of air bubbles through

. X N . o 30
forming more air content with fine size, longer mixing Method Co: Sec>i/ 120 sec >i/ 120 sec >

time with SP improved the fineness of air bubbles Fig. 13 Mixing procedure of method C
through hindering the formation of coarse size air ' 22
bubbles. With the same dosage of AE, air distribution Three mortar samples were tests in this section to

of the mixture with lower air content was more stable identify the effect of SP dosage on the fineness of air
than that of the higher air content. The coalescence, pples. The same mixing method with the same
between air bubbles was also reduced with the miXturemixing time was conducted with these three mortar
of lower air content (produced by longer mixing time samples. For each sample, W/C was 45% by weight,
with SP) thus maintaining the existence of the fine sizeg;, \was 55% by volume, and the dosage of AE (alkyl
air bubbles. Since the content of fine size air bUbbleSether-based) was 0.015% of cement weight. The dosage

was maintained and the content of coarse size aily gp (polycarboxylic based) was varied at 0.5%, 0.7 %
bubbles was reduced, the fineness of air bubbles WaSnd 0.8% of cement weight.

improved with the longer mixing time with SP.
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4.2 Results

The properties of three mortar samples tested in

this case are shown Table 6.

Table 6 Properties of mortar samples produced
with different dosage of SP

Air distribution of mortars produced by different
dosage of SP is shown kig. 16. When dosage of SP
was increased, the content of coarse size air bubble
especially with chord length larger than 0.70mm was
significantly decreased while the content of fine size air
bubbles was considerably increased. This graph clearly
showed the improvement of fineness of air bubbles due
to increasing in dosage of SP.

Name of | Flow R, Aini | Aon | Apar (mor(nzl
sample (mm) (%) | (%) | (%) M)
C,rSP0.5%| 184 | 2.31| 183 | 179 | 17.0 | 18.13
C,-SP0.7%| 244 | 2.82| 179 | 18.1| 17.3 | 20.74
C,rSP0.8%| 260 | 298| 17.0 | 17.2 | 159 | 20.89

(1) Effect of dosage of SP on initial air content

The relationship between initial air content and
the variation in air content in 2 hours is showrFig.
14. Higher dosage of SP resulted in lower initial air
content while had no significant effect on the stability
of air. Increasing the dosage of SP increased the
flowability of the mortar (indicated by Jf} by the
dispersing action of SP. The effect of higher dosage of
SP worked in a similar way as the effect of longer
mixing time with SP that could hinder the formation of
coarse size air bubbles thus decreasing the initial air
content.

Air content (A, %)

3.5
3.0
25 |-~
20 |--
15 |-~ 5
1.0 |-

0.5 |-

B SP(0.5%)
SP(0.7%)
B SP(0.8%)

Chord length of air voids (mm)

Fig. 16 Air distribution of mortars affected by

dosage of SP

5. CONCLUSION

- 2 : :
o | |
c —~ 1 1
oY 1 F------ Amm————— m—————
o< b % SP(0.5%) 1)
S5 o0 : '*'*_ji : SP(0.7%)
— - 1 1
S : ; % SP(0.8%)
% c 'l _______ i r==-====
S SP,+AE,(0.015%)_C,,
> 2 : :
10 15 20 25

Initial air content (%) 2)

Fig. 14 Effect of dosage of SP on initial air content
and air stability in 2 hours

(2) Effect of dosage of SP on fineness of air bubbles 3)

The relationship between dosage of SP and the
specific surface of air is shown kig. 15. The specific
surface of air was gradually increased with the increase
dosage of SP. The fineness of air bubbles was improved
by increasing dosage of SP through the reduction in
content of coarse size air bubbles.

(1]
2 (2]

22
20
18
16
14
12
10

(3]

Specific surface of air
(mm?2/mms3)

SP,(...%)+AE;(0.015%)_C,, -

03 04 05 06 07 08 09
Dosage of SP (% of cement weight)

Fig. 15 Effect of dosage of SP on specific surface
of air
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According to results and analysis in this study,

conclusion can be written as following:

Mixing procedure in which SP was added and
mixed before adding AE produced finer system of
air bubbles than mixing procedure in which SP
and AE were added and mixed at the same time.
With the effective mixing procedure, increasing
dosage of AE could also improve the fineness of
air bubbles.

Longer mixing time with AE increased the content
of fine size air bubbles thus improving the
fineness of air bubbles. Longer mixing time with
SP lowered the content of coarse size air bubbles
thus improving the fineness of air bubbles.

Higher dosage of SP lowered the coarse size air
content and increased the fine size air content thus
improving the fineness of air bubbles.
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