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Effect of Hollow Glass Powder on the Self-Compacting Concrete
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Abstract

In this study, compacting, passing performance, segregation resistance and rheological properties were tested to improve
the stahility of fresh concrete in the production and construction of self-compacting concrete (SCC) using hollow glass
powder(GB). As a result, TS0 reaching time was shortened up to amount of GB 2.0kg/m3. The compacting according to
the amount of GB was improved by ball bearing effect of GB. However, T50 reaching time was slightly increased at
40kg/m?’. In the case of passing performance, the result showed that plain was Class 1, GB 05~2.0kg/m’ was Class 0,
GB 4.Okg/rr13 was Class 1. Therefore, the passing performance was improved with ‘No blocking’ up to amount of GB
2.0kg/m’. Passing performance Block step (P]) number by J-ring method was also best at GB 1.0kg/m’. In the case of
segregation resistance according to the amount of GB, dynamic segregation resistance was increased compared to plain
regardless of the amount of GB. And static segregation resistance showed 2.5% of segregation rate at GB l.Okg/m?’.
Therefore, it was greatly improved compared to plain (12.5%). In the case of rheology property according to the amount
of GB, plastic consistency by increasing of GB content didn’t show big difference. However, yield stress by increasing of
GB content was decreased with GB 1.0kg/ms. In conclusion, GB l.Okg/m3 was effective for improvement of compacting,
passing performance and yield stress. Also, it will be useful for stability of SCC by improving segregation.
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HANA & 55502 A AZs|gi), o, H3t &9

Z=2= 650"’501(1]111_& AR, B F7|HE 4.5+
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Ao RN, FA] 92 A ES] AU
71817] 9f5e] £ Z =2 (Normal, Inverted), <
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J—ring flow, J—ring Ts, L—flows Z43131L $-542
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Table 1. Experiment factors and tests
Items Unit Variables
Exoeriment Water kg/m® 175
xperimen ! 3
Factor Binder kg/m3 430
Hollow glass powder kg/m 0,05 1,2 4
Slump flow(Normal cone) mm
Air %
Tso(Normal cone) sec
Slump flow(Inverted cone) mm
Tsollnverted cone) sec
J-ring flow mm
Tests J-ring Tso Sec
V-lot at To minutes, T5 minutes mm
L-flow mm
Yield stress(Pa) Pa
Viscosity(Pa.s) Pa.s
EIS index
Column segregation %
2.2 AI2NR
2.2.1 AFA

2 o]l AREEE AHIES: =] SAK] 13 B EEE
AMIES ARSI, 11 B84 B4 9 slsHiEe
Table 32t At} M2&EFL vl ] SAK] 35 1=
<1 vlEES ARSI, ol digh Eeld 5L
Table 49} 7t}

o

Table 2. Mixture proportion of concrete

Unit weight(kg/m?®)

oG8 & o : B B (P
W Binder CS SS G GB
Plain 40.7 30.6 31.9 175 430 633 270 817 00 1.05 0.04 12
GB-05 407 306 31.9 175 430 633 266 817 05 1.05 0.04 12
GB-1.0 407 30.6 31.9 175 430 633 263 817 10 105 0.04 12
GB-2.0 407 30.6 31.9 175 430 633 255 817 20 115 0.04 12
GB-40 407 30.6 31.9 175 430 633 240 817 40 1.15 0.04 12
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Table 3. Physical properties of cements

) ) Compressive
Density  Blain Setting time strength(MPa)
Physical  (g/em)  (cm/g)  Initial Final
Properties (min) (hr) 3 7d 28d
3.15 3,387 240 5:00 313 422 546
Chemical Si0;  AbO3 FexO3 CaO MgO SOz KO NaO
compositi
-on 198 52 33 628 21 26 11 0.1

Table 4. Physical properties of ground granulated blast

furnace slag
Density Blain Activity Factor(%) Flow ratio
(g/om) (em/g) 7day 28day (%)
2.91 4014 56 89 110

Table 5. Physical propertis of hollow glass powder

Particle size distribution(um, by volume)

Density 90%
Breaking strength Effective top size
(g/ce) % % Yo
g (MPa) 10th% 50th% 90th% (>=95%)
0.35 20.7 10 40 75 85

2.2.2 ¥ 7 E£Z(GB)

Table 5% 3 felte] Bl S48 Lehl 2oln
Fiurs 19 5 fielite 9 o 20 750 e
Aolt} &2 gaEjRake W () 3~0,4g/cm’® AEZ
75“%“]# Bahez} 6,000~10,000em”/g =R vAsi),
ESE - HefE wal 2191 Soda Lime Borosilicate glass
of FAPgRO R ofgolr] AT TS WAalo] 11 ke 5
o2 w0} glt}, EAe|Eol A Ho| glon, Uk
0% e, Belya FRoR Bl mHlE F 4 9l
b8 ZopAy FEof ARSE

jisy

T ORA—

2.3 MEey

231 &Y= 22 2 Ty

&Y= Z2= KS F 259401 wie} S4siglet, 1 @4

< 1 i 455 Bt T SHZEE S
A ZF SYIL 22 500mm =G93 1] ARRS 24690
ESF S I o] A HitE Sfo](Inverted] cone] <3
Z Z=0 Troxr SASHITH]

2.3.2 V-lot

V-lot= KSCE 2003-039] “Zt712 AM83t 95} A]
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Figure 1. hollow glass power
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Figure 3. Evaluation index of segregation resistance
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Table 6. Air contents

Plain GB-05 GB-10 GB-20 GB-4.0
AE(B*%) 0.04 0.04 0.04 0.04 0.04
Air%) 5.0 4.6 4.0 4.3 3.6

3.2 X M(Filling ability)

Figure 5= GB EUE el o S92 Z2(Normal
cone, Inverted cone) ¥ J-ring flows YERH Ao|ct,
B QoA By &Y Zas Es)y| bl 14%

— 1L
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Figure 4. Column segregation
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Figure 5. Measurements of slump flow(normal, inverted cone),
J-ring flow according to GB ratios

[
[=]

—e—T50-Normal ~o—T50-Invert

Teu(sec)

*\\T_.:—/‘__./f'

[ T T T L ¥ T T I« T Y

Plain GB-0.5 GB-1.0 GB-2.0 GB-4.0

Figure 6. T50(Normal cone, inverted cone) by GB ratios
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Table 7. Passing ability criteria(ASTM C 1610)

Passing

SF-SF, ability rate Notes

< 25mm 0 No visible blocking
25mm ~50mm 1 Minimal to noticeable blocking

> 50mm 2 Noticeable to extreme blocking

*SF : Slump flow
*SFy @ J-ring flow

J-ring flow{t AM§2t 3] H7 k= Figure 102} o]
Block step(Py) o2 =3} sH3ict,
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Figure 12. Passing ability ratio PL by L-flow(Omin, 5min)
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Table 8. Evaluation index of segregation resistance(ElS)

Plain GB-05 GB-1.0 GB-20 GB-4.0
index 25 2.4 25 25 25
EIS
grade 3 3 3 3 3
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80
u
é .
'3'_5" 6.0 ‘-___.:L_"“-_.‘f;_____._.-—“"'#"‘
3
4.0
—e—Y/-lot (Omin)
2.0
----- V-Iot (5min)
0.0
Plain GB-0.5 GB-1.0 GB-20 GB-4.0

Figure 13. V-lot at 0, bminutes according to GB ratios

30

25

20

15

10

Column seperation{%)

Plain GB-0.5 GB-1.0 GB-2.0 GB-4.0

Figure 14. Column segregation according to GB ratios
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