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Disappearance of Air Bubbles in Concrete Structures ( Theoretical Suggestions and Experimental Verification )
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Regarding the durability of concrete structures, it is an important that the internal material is highly densified. Furthermore,
the surface of concrete should be densified and smoothed — not only for good appearance but also to prevent materials from
deteriorating. However, there is little research on reducing air bubbles on the concrete surface because it does not affect the
structural performance. In this paper, the theoretical phenomenon for deforming air bubbles in concrete is proposed and verified

by some experimental approaches.
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Table 1 Specifications of small-scale electromagnetic vibrator
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Table 2 Test cases ( Step 1)
n pu JE
5 : (G)
ik (mm) Wit 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 55 6.0
10 - - - 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
20 0.8 1.2 1.6 2.0 24 2.8 32 3.6 4.0 4.4 4.8
IEB B 30 1.8 2.7 3.6 4.5 54 6.3 7.2 8.2 9.1 10.0 -
(Hz) 40 3.2 4.8 6.4 8.1 9.7 - - - - - -
50 5.0 7.6 10.0 - - - - - - - -
60 7.3 - - - - - - - - - -
(%) DdREER : 30s
B3I ABRr—A (A7v72)
Table 3 Test cases ( Step 2 )
meoo® e &
BRI No. 1 [alH 2 [alH 3 [ H
WREVE | R OME | DnEREE | DREER | REVEC | 3R OBE | DEREE | dREER | REVEC | 3R OWE | DR | IdREER
(Hz) (mm ) (G) (s) (Hz) (mm ) (G) (s) (Hz) (mm ) (G) (s)
A-1 20 4.0 32 30 - - - - - - - -
A-2 40 1.0 32 30 - - - - - - - -
A-3 30 3.0 5.4 30 - - - - - - - -
B-1 10 6.0 1.2 15 20 6.0 4.8 15 - - - -
B-2 10 6.0 1.2 15 40 3.0 9.7 15 - - - -
B-3 B A 7L —% - - - - - - - -
C-1 20 6.0 4.8 10 30 3.0 5.4 20 - - - -
C-2 30 4.0 7.2 5 30 2.0 3.6 25 - - - -
C-3 30 2.0 3.6 10 30 4.0 7.2 2 30 2.0 3.6 18
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Table 4 Specified mix proportion of concrete
27T ZGUR | KEEORIL | MMERER HALEE (kg/m?)

SL Air wic sla 7K Xk TRAF g M HEwI]
(cm) (%) (%) (%) w c S4 N G Ay
21.0+2.0 20+1.5 36.0 46.0 155 430 0 832 985 3.98
sk ar7)— MOFHME
Table 5 Materials of concrete
K 4| & 8 A - 440 B P

(g/em?)
Xk ELE T EIZ) NN RV 3.16
Mg N et 2.63 SIS
M A 2005 2.66 SR 7E
it A Al Ay [EARRAL Y S: 1.00 8000SM

(7E)  FEHEREE 42 N/mm? OH/ROEE 7 2 2 N FIORE % 5T
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Table 6 Results of test mixing
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227 — MEED

T XUE
No. R (om) (%) () i #
1 Cx1.0% 24.0 - 19.2 A, 8%, e
2 Cx0.85% 155 - 19.8
3 Cx(0.85+0.05)% 21.0 1.6 19.0 0.05 % fA AN
21.5 (0 min ) 19.6 (0 min )
4 Cx0.925% 20.5 (30 min ) - 18.8 (30 min ) WAL % AR
21.5 (45 min) 18.3 (45 min )
E8Fx TnEhl
4, NBUEEREKIC & A IIRSERDFER Table 8 Grade of air bubbles diameter
No SIaER]
4.1 [ERE (mm)
L . ‘ - 1 1.0<2r<15
HBHZEDary 7)) — M7 Ly v alEiRE X O 2 15<2r<2.0
28 HIZBU A PHEAMRE L8 7 RIS, WInbax 3 | 20<2r<25
FHEERIED 42 Nimm? % EF1% 2 L AR SNz, LT PLSEY
O=s2r<i.
4.2 FHEAE 6 | 35<2-<40
KHAJOBIL T/ (3.3.3 /) 120k, KEKIED 7| 40s2r<4s
" . . s . 8 45<2r<5.0
BB K OTOREASEM L7, e, SUTREE SO L R RELEIE
SIAREEELZ (BIR). 29 L TORDIARR: 10 | 55<2r<60
1.0 ~ 5.5 mm OHFHFT 0.5 mm &I L, FX512 11 ] 60<2r<100

B 25aE ROz ¢5.5 mm % L A5 HHES
N7z, MDD o72728, ¢6.0 ~ 10.0 mm DX,
(BTG L CEH L7 RIuiEp %8 8 RITRT.

10 R 5aEoBN#EH 2z RT. —EoREET

BTER 7Ly atikB X OFHEMRRE (Ml 28 H )
Table 7 Flesh properties and compressive strength ( at the age of 28 days )

7 v v ¥ o MoK ST R
ATy | ZEEE | ETERERUKAD (N/mm?)
(em) | (%) (%) i 28 H
22 1.3 Cx0.925 75.6
19 1.9 Cx0.925 70.0
19 2.0 C % 1.000 71.3
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(a) EREROTERE

A
A
2r=32"
|
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e e
() *1:2r=2J4/mn
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Fig. 9 Calculation of the air bubbles diameter
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Fig. 10 The target area of the air bubbles diameter calculation
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IHI $#  Vol.59 No.1(2019) 103



TIDERE ORIFRZ 8 11 K2, SJamREE & g ORER T
12 RUIRY. S 72 AR & ke & o
TR OWTHBIR I KD 7-FER, & b IS A2 AHRRE
FRATED H 7z (KJa% R? = 0.713 3, SJAMfEE R2 =
0.8708). L7z25>T, IAEEARELT2I3E, Kok
AL, SQEEREEAVNE R AEAAMIH L2 7272
L, ASBRICHER L2370 — M, 5.0 G D lojn#
FEx Nz % EREEER B3 D Ems A SNz DRk
Rk -, FHGAOFARZR/MET 51213, R
BEDSHEE U 70\ WEIFHC, KON TR U L v &
MG R E ST

F72, NL AHH TTo 7258 (1) LR BROK R % b
L7282 A, FEFIEOMREEE & NHRE & ORIRIEE—
DAER %R L7278, [BREARICERS RSN b

O - Mz L
W RS D

y:39.41x*)'7”
R?=0.713 3"

30 -

20 -

100 mm f:47- 0 08 y (1)

| T T T T T T T |

0
00 10 20 30 40 50 60 70 80 9.0 100 11.0
IEEE x (G)

() *1 0 &Uas
*2150G PLEOIEE THE GO AR 5 5
F 1 100 mm £ 2472 ) OKIAL & I ORI R
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Fig. 12 Area ratio of air bubbles and acceleration
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