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Experimental Study on the Improvement of Workability of Cementitious

Composites Using Nano-bubble Water
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Abstract: This study was conducted to improve the workability of cementitious composites using nano-bubble water. The used nano-bubble water
contains 7% of nano-sized bubbles with an averaged bubble size of 750 nm. Various different types of cementitious composites including ultar-high
performance concrete, lightweight cementitious composites, and high-strength mortar have been tested to identify the changes of material properties.
From the use of nano-bubble water, it was confirmed that workability has been improved by 3-22%. On the other hand, other material characteristics
such as compressive strength did not have noticeable changes. Therefore, it was proposed that the use of nano-bubble water can enhance workability

of cementitious composites without having significant impact on other material properties.

Keywords: Nano-bubble water, Workability, Cementitious composites, Lightweight concrete

1.ME
AN = Avhe] Ao wet 37 s gt ol
AN FE T Z 0] 83 7o) 2 o] 2 Hh 2k E
|Zole A A5 T gdo] ugE ZIYE, 1
Zu3Hdol

J

2R w22 Aenta 249 7eS Ad A4
A E %«l 87} ~7}’<ﬂ°ﬂ e} B 43 52 714
AYEL] Ao Qs A1 Q) Olﬂif& Ao
1% 710 AHE-E = YR 2 ES A5
Ast71918) haFst B 58 et A 88t =
gk g gto| o)
vt—b—ﬂ&/\lﬂﬂéﬁl AAA RN E =S ASFE=
E‘:}?ﬂﬂr 5/\1011 AN SIS $J8) Aoz ToA| 9
53 7%1‘41 TZE ARl A o UE
234 %E—ELFJ _(UHPC) o= gt I Eol= gl F&
A EYFA o 2o A5 Ide 93l AelE 2
At 22 TV FHET B 2 SR T

o

A= 7AEe Hegol | g-5]0] gic). 53]
B

=

4319, ALt U8

gL A (A

gt Ao A€o A

*Corresponding author: juhyukmoon@snu.ac.kr

Department of civil and environmental engineering, Seoul National University,
08826, Seoul

B =Rl tidt E9) 5202219 1€ 31Y7HA] 818 2 HuUlFAIH 202219 29
3o E2AAE AABHE YT

JO

Ed7} a4t5 a1 ol v
A o] ARGl HA
o]tiKang et al., 2018).

EAHEES G WY B dS5AEFILS 95t
o] AT 71E-S v J71ste 8142 2-=2-E I filler effect)

9} A ZZTNHS(pozzolanic reaction)= =3k skt
SR ER] TF4EEE<8HE(Calcium Silicate Hydrate, C-S-H)
E AT ASAEE A 4= UtH(Lee et al., 2020).

SHA|RE o] 314 e E31A)| o] AR YA S A
I SRS FE B8 F AR e R AU}
A7 A o] 8ol o= A o]t o
S HTAY] 73 AMEYALS] R 71A Q1™
A dAEo] A U= DS AT BEA A2
ST AQEE AT A FARE AR A
2 s ASA7)a, FABES $AS AAAA
Qlo] T Chiocchio et al., 1985)

a
3 c_% ‘W

b

N
>,

5

ol 1o mH o M wb >
2

N
it

=1 °,]
=T =

r{

A 71E} A g Bke] Z-$- UHPC sl A A8 5
|7} A E tH] 25~35% Ao oz FAE AN
522 UAZH 1 um olake] HlAg B U7-S XY

o] dA|F o2 B2 Fu7}uljet A F7HE A H o] B2 A
HEHE A 231452 ES] s ol A &3] 2 A

O

< gol=eA He AAE 7=
o 2 A SX& Het] 371ABA T 77 = 7

o} o= 283l A4S =0l

BYE 7| ZE9| Borlo]

Copyright © 2021 by The Korea Institute for Structural Maintenance and Inspection. This is an Open Access article distributed under the terms of the Creative Commons Attribution
Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

27



o) B o2 ARE A ASHEY A o}— OM oP7l of
Sevets 233 2 =9 @74171% l % o|& a1este
3714 ‘EKKCI 2012).

o] A E5-& T 7]:‘: A ulgo g 1/]-
Hj g2 ARg-she] TRk Al ”i]E EEA EH?-?}

of 71 &35 S48 AR B & Qhol] 3= 9]
Z1ZLl o] AZHE-L2 & Lol A U}O]ﬂi Apo] 2 E F7 o}
T}7} Henry’s lawell 2J3] W&ol 4] &= $KFerraro et al.,
2020) SHANE YR AR oF2 7| 252 A 7Ie B
2 7)Z W5 gHollofs] QF Zol| A vPE o E FElE F-XISH
A AUAE SIS meba 7| Z2E50] AEEAE
nlo| A& Afo| 2R T} ] B A|SHA| ZHAstA| EH W mlo] A= A}
o|lzrt} A2 Y-S 7Rl HEE gt o2 A AA8H
U ESS FHY et (+) S22 ()2t = o] 7] = 3t
Wito] oA 7] Wl & SollA] P A o= EA 1A
FITHTakahashi et al., 2007; Agarwal et al., 2011). ©]& ¥4
OB AE U ETE T2 FA oA e 729 W
s frEste] A8l o] &etAY LAEH S Hesk=
Eﬂ"ﬂ AHEE o AES A= Al Eoy oI {E 7

S AHE-E TH(Park et al., 2009).
o] #nt ol ZHYES] 5 SXE AT I ERE
el &9 ARgo] AT vl Ut EH S

ARk 5=} Bl st
o YW E5E H 48 AME 2 2El2 Af] 573 =7}

S7Hel= Aol ERIEATHHan et al., 2015). 3FA] 5 &
T A AWE REEgad gtz v 22w B 9o
o, 1 2e)-85t 713w Al F el R RS o

e

‘e

AN E AA 2 o2 A2 e E4E S-8-51
ol A= }\]tﬂ E7;ﬂ 74/\4;<H EEQ] 1:]-0(}6]- EX

F< setatmal a9tk -89 AES
VA 5FZ I8 E(UHPC), I 4= 73 AWE B3k 2
E w=2gE g A

Mo
_Qi
ri !
mﬁ
N
il

ri

>0 e 2
ri B of

2. AMg = S AITN

21 LicHEST HE

B ATl A= Fig. 13 2] splitting-type2] A AX]&
ARt Y Eo] 23 Y EFE ARSI e
A2 71A9F AAE Ejpshs A7 AB oz Felw o
o] F014 %) 2™ mixing chamberE #E35tH T3t 4=
31450 2 B A7) splitter 2 74 %0 ATHKim, 2018).

28 SHRREZZICHS X2 ZEE =27 M 252 H 63 (2021. 12)

e 2o AL 9ale] Fxo] B A F H5S
= 0] 83

300mL/m1n_i E‘%%]—ﬁ] AAEYT) o] FEE o]

94 °‘7<*5P FEL 2 7|AE DAY Aol FAAA v Z=2AL
o|z2o] 7|EZ WA ZTE WAYH v T2 Afo| =9 J|E2E
A& o] gate] KB} 212 7|22 27| YW ES A
Z3FATHKim, 2010; Kim, 2014; Kim et al., 2017; Kim,
2018) o] w), Lhi=r] 8 ubyg A=) oko 2 §-91 %)= B} 42}

Eo| AR 435 #3kEe B 53k &011 =AU
£ Bl EF Y ESFTE A=A APE Y= ES
5L 379 BuZelaTd dol AATAE FYstE
Ui o] A E R g AL gelslr] $)a) 3087 Bl A
FHA|R e AL FRIgH Foll A gl ARSE o g Bt
3ted FHIBFATHKIm et al., 2019).

o]& 3 W 0 7 A Ve n B 2ol WhAEls U
HEael o] 1 AYEA|RI] F23] o) Al E B3 g
AL ZAANA 4= 9L Aol Ihsie] A& -8 A5t
t}. Fig. 20l =A1E ue} gho] 7] &9 uﬂﬂitﬂ Ho) uu]_Eyﬂ AF
%3} oA AH AR QlEte] AEE Y nlo| g7
Z1719te 0 Z8l5) Zpolx|th _]_Eo]-X]U]- 2R RO G
Ui H o] & &0l 2AaHA = o] Ui 845 74817] o
0| TH(Takahashi et al., 2007; Cha, 2011; Song et al., 2013).

Air Mixing
¥o Chamber

Outlet

Fig. 1 Formation of nano bubble water

) B <] o
S
— S
i DAV N —
Burst at the surface
Disappear
Goes up
rapidly i Continue
= Shrinking
>
@
Ordinary bubble Microbubble Nano-bubble
(Macrobubble)

Fig. 2 Characteristics of fabricated bubbles (Takahashi et al., 2007)
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Table 1 X-ray Fluorescent (XRF) results of raw materials
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Fig. 3 Particle size distribution of raw materials
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Fig. 4 Notation of specimens

Chemical Compositions SiO, Ca0 Na,O P,0s SO; ALO; MgO Fe, O3 TiO, x0, KO MnO
White Portland Cement 1538 73.64 028 0.06 421 3.54 2.07 0.41 0.08 - 0.15 0.05
Silica Fume 9690 1.54 0.16 0.05 - 0.29 0.18 0.15 0.01 - 0.64 0.03
Quartz Powder 9770 137 0.02 - - 0.49 0.21 0.05 0.08 - 0.02 0.01
Hollow Particles (K42HS)  80.58 13.54  4.48 0.81 0.23 0.14 0.06 0.04 0.03 0.02 0.01 0.01

Table 2 Mix proportion of specimens (weight ratio of cement; steel fiber follows volume ratio of specimen)

Al Water Cement Silica Fume Fine aggregate Quartz Powder Superplasticizer Hollow Particles ~ Steel Fiber
CC -
0.23 1 0.25 - 0.35 0.06 -
Lw 0.2
CM 0.4 . - 3 - - - -
UHPC 0.215 0.25 1.1 0.35 0.04 - 2 vol.%
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Fig. 5 Compressive strength results of specimens
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