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An Experimental Study on the Property of the Concrete with Glass Hollow Micro Sphere
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Ab

stract

In this research, as a measure of reducing energy lost through external wall, we used Glass Hollow Micro Sphere (HMS) to
improve insulation performance to structural concrete. The following is a result of experimenting concrete using HMS.

As usage of HMS, decrease in slump arose and it is judged as a need of using superplasticizer. Replacement ratio increasing
more and more, amount of air showed tendency to decrease and compressive strength decreased for interfacial adhesion had not
been formed. as replacement ratio and unit volume decreased. It appears that thermal conductivity decreased about 30.0~46.5

percent as compared with normal weight concrete.

Keywords : Glass hollow micro sphere, Insulation performance, Thermal conductivity
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Table 1 The physical properties of cement

. . Com. strength
Density | Blaine | Stability | Set time (Min) (N/mm?)

(gem®) | (emPg) (%) - -
Ini Fin 3age Tage | 28age

3.15 3,400 0.1 230 390 225 | 294 | 40.2

Table 2 The chemical properties of cement

Ign. | Free

loss | CaO Insol

Elements | CaO | SiO2 | AlsO3 | MgO | FesOs| SOs

Contents

613|211 | 52 | 40 | 28 | 24 | 20 | 06 | 0.2
(%)
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Photo 1 HMS (Naked Eye) Photo 2 SEM (x300)
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Table 3 The physical properties of HMS

Crush Thermal . Paticle Size
N .. Density | Absorptance .
Section | strength | conductivity (&/co) %) ; mean
(N/mm?) (W/mK) ; (pm)
A Type 192 0.2 0.6 25
01% P——
B Type 124 0.2 0.6 50
Table 4 The chemical properties of HMS
Elements SiOy Limestone ByOs NaOy SOy
Contents -
@) 62.4 33.3 4.0 1.9 1.5
Table 5 Physical properties of aggregates
Section Unit Wejght Densit'y Absorptance FM
(kg/m®) (g/em®) (%) (%)
Coarse 1535 2.6 0.87 6.93
aggregate
Fine 1,562 26 1.07 2.5
aggregate

Table 6 The physical and chemical properties of admixtures

Section Component Color De“SIEy pH
(g/em”)
Agent Polycarboxylate | Brown 1.07£0.02 6.5~7.5
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Table 7 Contents of experiment

Section Factor Number
Type 2 A B
Contents of HMS . -
Mixing design ) 3 0 (Plain), 20, 25
condtion
wic (%) 3 55, 50, 45
S/a (%) 1 45
Slump

Fresh concrete .
Air contents

Contents of

test Compressive strength

Unit weight
Thermal conductivity

Hardened concrete

Table 8 Mixed design

w/c | Sla Unit weight (kg/m’)
Type

(% | (%) W c S S G
Plain 50 45 195 390 0 733 902

A20-55 | 55 45 215 390 74 577 711

A20-50 | 50 45 195 390 76 595 733

A20-45 | 45 45 176 390 79 614 756

A25-55 | 55 45 215 390 93 541 666

A25-50 | 50 45 195 390 95 558 688

A25-45 | 45 45 176 390 98 575 709

B20-55 | 55 45 215 390 74 o577 711

B20-50 | 50 45 195 390 76 595 733

B20-45 | 45 45 176 390 79 614 756

B25-55 55 45 215 390 93 541 666

B25-50 50 45 195 390 95 558 688

B20-45 | 45 45 176 390 98 575 709
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Fig. 1 Test result of concrete slump
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Fig. 2 Concrete air contents value of test result

2 8l LAY E -9 7= AT et Zo® %
e, A5 371 FRE 28] AEAY] ARgo] &
o

3.1.3 S98AA%

o 1 &2 0

AL F2|E0] W98 57447, Plain 2,324ke/m’
E UNHARl ZAES} fAkE T H0H, A Typed]
HMSE 20% XK+ BAHIEH] 55% FH2]E2] 7$-2,070kg/m’,
50%%= 2,056kg/m’, 45%+= 2,107kg/m’ & PO, 25%
g A BAHER] WR 247} 2,016, 2,018, 2,039%kg/m’ =
UERSTE B Type®] ©H91-8-44%> HMSE 20% |3k Al
EAHER W2 ZF7F 2,071, 2,080, 2,092kg/m’0]S] 0,
25%Z X3kt 79 2,015, 2,003, 2,038kg/m’ = =gtk

FEARN HMS®] ZErt FeHA o A5 v 34
S 37F dofub o] A w982 dZe] W} vepd
T ol olell tisto] Fig. 33 o] AS537Fe s F
g A A A5 AAES vtk v
I} HMSE ARESHA] &2 Plain®l$he] 7d-9-¢} vlwsto] =}
o7} AA¢EE o YR} HMSS )iz dojupA] ok
& Qd I olom, S} 124N/mm” 0141 -

2 HMS 2| 3}z wAeHA] oh= 210w sihett

A Type HMSE ARE-8t A EQ] ME7 5w+ Fig 49}
o EAHEH]|7} 50%¢! Plain ZIHEE AH 3, 7, 28
Z}7} 20.3N/mm’, 31.5N/mm’, 38.8N/mm’Z =4 ]9t}

m\l

e

2,400

[ | W Unit weight O Prediction

2,200

m= "
2,000 .-- =™

g Ly
@ =3
=} =}
S o

Unit weight (kg/m?3)
_)—‘
B
8

1,200 |

1,000

Plain| 55 50 45 |55 50 45 |55 50 45 |55 50 45
20 25 20 25

A Type B Type

Fig. 3 Test result of unit weight

sRTzENCarHelZeE =2 M18d M3s(2014. 5) 163



50

O3AGE @ 7AGE W 28AGE

45

40

35

30

25

20

15

Compresive Strength (N/mm?)

10

Plain A20-55 A20-50 A20-45 A25-55 A25-50 A25-45
TYPE

Fig. 4 Test result of A type compressive strength

wu
(=]

O3AGE B 7AGE W 28AGE

w s IS
w o w

w
o

Compresive Strength (N/mm?)
a 8 B

=
o

w

o

Plain B20-55 B20-50 B20-45 B25-55 B25-50 B25-45
TYPE

Fig. 5 Test result of B type compressive strength

A Type 20% *|3H&elA] EAIHEN] 55%2] AHE e
12,6, 18.1, 34.7N/mn7’, BATHEN] 50%3= 15.6, 19.9, 37.4N/mnt,
45% 20.7, 25.2, 41 2N/mm’E VFERGTE 25% 2] 3kg-ol| A
= 55%°] 7
e Ou% 50%= 15.0, 22.5, 35.6N/mm’, 45%= 17.7,
26.0, 40.0N/mm’% UFEPT)

B Type HMS ZIZES] 45745+ Fig. 58 2o
HMS 20% X|8-&°] SAWEN] 55%2] 3% g H=z
15.4, 19.6, 324N/mm’2] UEFAEE BTE 50%= 13.1,
20.8, 35.5N/mm’, 45%+= 18.0, 28.6, 39.6N/mm’ % L}EFTE
25% A 3HEolA EAIHEN] 55%% 14.0, 20.5, 30,7N/mm’,
50%—5« 16.8, 22.6, 32.3N/mn1’, 45%+= 19.8, 24.6, 38.7N/mm’
o] =S HERASITH

EYE ZAMERIE 7o R AvEY HMSO| gkt

164 s=rzsrcexmz|Rsts =27 &18A X3S (2014. 5)

745 AE QEFEE 147, 188, 33.3N/mm’

———
Feo . 16N

Photo 4 Fracture surface x1000

&2 Plain WHEHC} oF 3.6~8.5% FAhsh= ZO0F e
L, HMSE] A8 SFAEE tha AstA7l= Zlos 9
A o= AT 28U HMSE AR 22|29 1
Ik o] Ak #9935 Photo 404 H5o] HMSS H*
B4 9 AR AHE sjERALe] Kol FAfo]
GAEA] 2 Ao 7|0k A oF o) o) FEHa
s FAE AP ARL B ZAE WAYRE Al ARIE
Ho|~EQ}L ZA| Atole] FaRgHE F7hett (Kosmatka
and Wilson, 2011)%= 7]& ©]&2} HMSS] Alx 5 4=+
7 j_rihﬂ;qé. Ez%gi A /\é /\213]7]_% CE%‘]—QE cdg—H
AHEMEZ A9} HMSTol| AlaF-2g-2o] st Ao
7)916R= Ao wekgnh

HMS 2| 7Wste] ki 7%= A TYPEC] B TYPES]
HI3l Bt 6%2] F& s HEISITE o= 7] sot
Zef whet B2 ] HMSYAPE AIHIE. HE Ao 1127
AkEle] EFEE9] i e mgo] © Aoz gk,

2
24_
11}1'
O_I.,

§A7+= Fig. 67 20| 7% iRl Plain®]
76‘% 1.81W/mKZ YERFO ™, A Typed 20% |3+ EA]
HEH] 55, 50, 45%2] ¥igtellA 242} 1.10, 1.21, 1.27W/mK,
25% Agke] 749- BAMIER] HMZ 77} 0.97, 1.07, 1.18W/mK
o] dHEES YERIE B Type 20%°I41 1.19, 1.20,
1.27W/mK 2 YEREom, 25%014 0.97, 1.17, 1.25W/mK
= UEbsith

HMSE A3t f’—ﬂﬂ 9] AHTEL Plain ZABER
o} ©F 30.0%~46.5% Y& A Zo= YEyton, o)=
g Eo] AFH F#%Lﬂ HMS I A ke g



1.4

—@-A-55 —-©-A-50 -8-A-45 -#-B-55 -%-B-50 ——B-45

13
1.27

1.25
121
12 | 12

1.19 118

117

11 | 11
107

Thermal conductivity (W/mk)

0.97

Replacement Ratio (%)

Fig. 6 Test result of thermal conductivity

Tl 7IQIsh Zlow Foldr) St BARIERZ} 7
T8 Wl A RlIgh 4 Qlglom, o=

HEH| oA AHEgo] Fletct

o|E3 Po] Z& EAYE Y

73 astel wet Fkato] PA

N

(Kim et al., 2003)%= 7]
o & H31~ A7t Ao
o

= FEEel 7191E A

2=

—

o

A= HEZAEL HMSE |8kt 28 EA
Hsyste] vl - BAeka oy 32 AES Aith

Mo riz

3
=

() Y 759 EH2ZE 47] YA HMS #$Hg 571
of wet 35T AL] AR S7FRE Z10E
ERto ofi= HMSO] ARgol mh ARgAlEe] i
Aol Ztell 71Q1st AoR Jhekech
(2) HMSE AHEsh 49 37]%0] tha yolAl= Zlo=
UeRsc weka] 3715 SEE S8 AEAIE AR
9% ai o)

() EAE= HMSE xgkew Qlsf tha sk A

o= vpeth ol HMSY] B4 Azy EEd
154 bl o AWRAEo] Zhio] )9l

Aoz wg)
(4) HMS |3kl w2} Plain ti¥] 2F 30.0~46.5% Y &
HEgs Holom, EAEND) Fopdars dd®

& S 2R e
dAtel 2

= A7 SR AA7ESAKIe A Ad
(1171=820F04)0l sl FR= 5T

References

1. Choi, M. S. (2012), A study on the energy efficiency
indicators for services and residential sectors with IEA
standard, Korea energy economics institute, 30-32.

2. Kim, K. H,, Jeon, S. E., Kim, J. K., Yang, S. C. (2003),
An experimental study on thermal conductivity of concrete,
Cement and Concrete Research, 33(3), 363-371.

3. Kim, Y. J. (1994), An Experimental Study on the Properties
of the Insulated Concrete used of artificial Lightweight
Aggregate, Master dissertation, Konkuk Univ, Dept. of
Architectural Engineering.

4. Kosmatka, S. H., and Panarese, W. C. (2002), Design and
control of concrete mixtures, Portland Cement Assocation,
106.

5. Kosmatka, S. H., and Panarese, W. C. (2002), Design and
control of concrete mixtures, Portland Cement Assocation,
76.

6. Noh, D. S. (2003), Development program of the greenhouse
gas reduction technologies to address the convention on
climate, Korea institute of energy research, 1-5 (in Korean).

7. UNEP (2009), Buildings and Climate Change, UNEP Sustainable
Buildings and Climate Initiative, Paris, 9.

Received : 02/24/2014
Revised : 04/15/2014
Accepted : 04/29/2014

sRTzeNcarHelZes =2 M18d M3s(2014. 5) 165



7]

o] mjo]aZ 7712 YA HMSE ARS-3H 24

2 AFelME AFES] A9E T8l S WY oUXE A Sl WUREeEN, 28 ZAYEd dd TS A
T Sl gR2ulo]aEAu]0] (Hollow Micro Sphere, ©]5F HMS)S
PES A Ao ol ek

HMSS] AFE0% 418 2ol 747k ekt AP 10 705 wekr 71 IS 3] 3185
5 Qs A% nslow, YFPEE HMSS] ABYA0] FHSA G o] J12t0] A 4ol ek Bl A0 Lel
Wk GAEgT B8RS A3go] F1EEE st LSS HERIE oF 30.0-46.5% AT A0 etk

b
>~
_O‘h
2
R
of\
ol
-
EN ¢

5
2
. o
>~
£%
&,
I to
%
2
N
@Lﬂ

d

My 8ol - FEHTIATA, EaA, ddes

166 s=rzsrcexmz|Zsts =27 X18A X3S (2014. 5)





