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Evaluation on Material Properties of Lightweight Cement Mortar
with Crushed and Expanded Waste Glass Aggregates
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Characteristic Perlite Vermiculite Expanded clay Expanded glass granulate
Thermal conductivity[W/mK] 0.06 0.05-0.07 0.1-0.22 0.07
Combustible incombustible
Bulk densitylkg/m’] 39-95 60-160 280-650 140-530
Grain shape ery regut eryrequia crushed round
Compressive strength very low low high high
Water absorption[Volume %] 50-70 50-70 5-15 5-7
Recycling product no no no yes

Perlite Vermiculite Expanded clay Expanded glass granulate
(magnified 15x) (magnified 24x) magnified 9.45x) (magnified 30x)
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Aggregate ‘ Standard sand ‘ Expanded glass granulate
Grain size(mm) 0.08-1.6 0.5-1.0 1.0-2.0 20-4.0
Grain density(kg/m3) 2.53 0.43 0.34 0.32
Water absorption by mass(wt%) 0.6 27 22 22

Expanded glass granulate Expanded glass granulate Expanded glass granulate
(grain size 0.5~1.0mm) (grain size 1.0~2.0mm) (grain size 2.0~4.0mm)
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Aggregate Chemical admixture | Mortar properties
Standard
Gt » silica sand Expanded glass granulate Flow
Silica Fresh :
Cement =0. . diameter
fume density
L5 -2, .5-1. .0-2. .0-4, (mm)
Reference 405 45 247.5 1350.0 4.50 0 2209 174
Single u-1 405 45 256.5 1080.0 270.0 6.75 135 1743 168
Single u-2 405 45 2543 1080.0 270.0 6.75 1.35 1667 170
Single u-4 405 45 252.0 1080.0 270.0 6.75 135 1557 173
Complex h-1 405 45 261.0 1012.5 168.8 94.5 74.3 9.00 1.69 1534 172
Complex h-2 405 45 258.8 10125 94.5 168.8 743 9.00 1.69 1511 172
Complex h-4 405 45 256.5 1012.5 94.5 743 168.8 9.00 1.69 1481 173

*SP : Superplasticizer
** AS : Anti-segregation agent

[£ 4] NHE 2 a7t E, HiRalZ2dExel 22| - 5] SEMwt %)

Binder ‘ Ca0 ‘ Sio, ‘ ‘ Specific density
Cement 61.7 21.86 4.95 3.66 2.75 0.1 0.1 2.16 3.15
Silica fume 0.11 95.36 0.13 0.09 0.08 0.27 0.49 0.08 22
Expanded glass granulate 8.5 71.5 221 - 1.8 125 1.8 - 0.11 ~0.65

[& 5] E5tH| £

Chemical admixture ‘ Product type ‘ Appearance
Superplasticizer Polycarboxylic acid Light brownish liquid (SC* = 20 %)
Anti-segregation agent VAE** polymer, cellulose fiber powder White powder

*SC: Solid concentration
**VAE : Vinyl acetate ethylene
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—_ 170
£ 170 168
E
= 165 168
5 166 165 166 165
160 162
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155
Reference Single Single Single Complex Complex Complex
u-1 u-2 u-4 h-1 h-2 h-4
Single Complex Complex Complex
u-2 u-4 h-1 h-2 h-4
0 min 174 168 170 173 172 172 173
20 min 168 160 162 166 165 166 165
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2400 [ Fresh mortar C_—_—1Hardened mortar —0— Fresh mortar  ==®=-Hardened mortar
(2&8day) | Reference [%] { Fresh mortar [%] .
2209 =
0.0 °;
= 2100 'ff—‘ -B.8 -8.6 -8.3 9.2 -8.9 -8.1 £
£ 21E e @eneee s oy —— @-nmmmmme® é
o
3 i
- 1743 -15.0 =
Z 1800 2
2 . 1667 P
L7}
E -21.1 =~ 1557 1534 %
= R -30.0 =
3 1500 1590
o 1524 -29.5 -30.5 >
1428 1394 g
1200 -15.0
Reference Single Single Single Complex Complex Complex
u-1 u-2 u-4 h-1 h-2 h-4
Bulk density Single Single Complex Complex Complex
[kg/m’] RSy u-1 u-4 h-1 h-4
Fresh mortar 2209 1743 1667 1557 1534 1522 1485
Hardened mortar (28day) 2104 1590 1524 1428 1394 1386 1365
F/";S? mortar - 211 245 295 305 311 -328
Change rate ererence
[%]
Hardened mortar 48 88 86 83 -9.2 -89 8.1
/ Fresh mortar
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.'515 I 13d | 17d | 128d —o—28d comp. strength --e--28d bulk density |
= P [ Reference [ Reference ’
o
= 200 27.5 _ 26.9
= 3.1 aponeo @2 276 321 gl 337 9., P50 =
5 184 127 ) "5 ui
7 200 e 163 —-31.3 2| —]-43.9 165 | 34.550.0 a
= 12 11. 13 11 5
o 9. 5
5 100 75.0
£
o
a
0.0 -100.0
Reference Single Single Single Complex Complex Complex
u-1 u-2 u-4 h-1 h-2 h-4
Compressive strength Single Single Complex Complex Complex
[MPa] REICISACS u-1 u-4 h-1 h-2 h-4
3d 16.1 123 11.9 9.9 1.5 1.3 10.9
7d 23.7 18.6 16.3 13.2 16.9 15.6 14.3
28d 36.6 27.5 25.1 20.5 269 26.0 239
28d o strength - 247 313 439 264 290 347
Change rate ererence
[%] ;
28d bulk density 244 276 321 337 -34.1 -35.1
/ Reference
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