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Fig. 1 Grading curve of crushed roof tiles
Table 1 Used materials for this study
Materials Type Symbol Physical property of materials
Cement Nmz:lnpe C:tﬂand C Density : 3.16g/cm?®
Saturated surface-dry density : 2.21g/cm®,
Recycled roof T Maximum dry density : 1.99g/cm®
tiles Absorption : 11.24 %, F.M. : 3.17,
Fine Solid content : 7.9 %, ACV : 22.52 %
aggregate Saturated surface-dry density : 2.68g/cm®,
} Maximum dry density : 2.65g/cm®,
Crushed sand S Absorption : 1.22 %, F.M. : 2.74,
ACV 1 2.86 %

. Higlx;;rfcfrmance Sp Polycarboxylic acid type,
Chemlcal .Wdter Non-air entrained type
admixture | reducing agent

Foaming agent Fa Alkyl allyl sulfonate type
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Table 2 Unit weight

Sand | Water Unit weight [kg/m?]
cement | cement [ Air Roof|  SP Fa
Combination | ratio | ratio |content|Water |Cement| - o o
SO | wor | %) | w | e |tles|Cx [ Cx %]
[-] [%] T
2.0-30-0 2.0 30 0 197 657 [1315] 1.75 0
2.0-30-10 2.0 30 10 177 592 |1183] 1.75 0.05
2.0-30-20 2.0 30 20 158 526 [1052] 1.75 0.1
2.0-30-30 2.0 30 30 138 460 1920 3.5 0.2
2.0-30-40 2.0 30 40 118 394 [789 ] 3.5 0.5
2.0-30-50 2.0 30 50 99 329 657 | 3.7 1
2.0-40-0 2.0 40 0 247 617 [1233] 0.5 0
2.0-40-10 2.0 40 10 222 555 [1110] 0.5 0.01
2.0-40-20 2.0 40 20 197 493 987 0.5 0.03
2.0-40-30 2.0 40 30 173 432 [ 863 ] 0.8 0.16
2.0-40-40 2.0 40 40 148 370 [740] 0.8 0.4
2.0-40-50 2.0 40 50 123 308 [617] 0.6 1.2
2.0-50-0 2.0 50 0 290 581 [1162] 0.1 0
2.0-50-10 2.0 50 10 261 523 [1046] 0.09 0.01
2.0-50-20 2.0 50 20 232 465 1929 | 0.11 0.1
2.0-50-30 2.0 50 30 203 407 813 0.3 0.5
2.0-50-40 2.0 50 40 174 349 697 0.3 0.8
2.0-50-50 2.0 50 50 145 290 [581] 0.4 1.2
2.5-30-0 2.5 30 0 172 572 [1430] 4.5 0
2.5-30-10 2.5 30 10 154 515 |1287] 4.25 0.2
2.5-30-20 2.5 30 20 137 458 [1144 5 0.27
2.5-30-30 2.5 30 30 120 401 11001 5 0.3
2.5-30-40 2.5 30 40 103 343 | 858 4 0.5
2.5-30-50 2.5 30 50 86 286 | 715 4 1
2.5-40-0 2.5 40 0 216 541 [1353] 0.8 0
2.5-40-10 2.5 40 10 195 487 [1218] 0.8 0.01
2.5-40-20 2.5 40 20 173 433 [1082] 0.8 0.04
2.5-40-30 2.5 40 30 152 379 [ 947 1.4 0.2
2.5-40-40 2.5 40 40 130 325 [ 812 1.2 0.5
2.5-40-50 2.5 40 50 108 271 | 677 1.5 1.5
2.5-50-0 2.5 50 0 257 513 [1284] 0.5 0
2.5-50-10 2.5 50 10 231 462 |1155] 0.5 0.01
2.5-50-20 2.5 50 20 205 411 [1027] 0.8 0.1
2.5-50-30 2.5 50 30 180 359 [899] 0.8 0.5
2.5-50-40 2.5 50 40 154 308 [770] 0.6 1
2.5-50-50 2.5 50 50 128 257 642 0.6 1.5
3.0-30-0 3.0 30 0 152 507 [1520 5 0
3.0-30-10 3.0 30 10 137 456 1368 5 0.1
3.0-30-20 3.0 30 20 122 405 11216 5 0.24
3.0-30-30 3.0 30 30 106 355 [1064 5 0.3
3.0-30-40 3.0 30 40 91 304 [ 912 5 0.8
3.0-30-50 3.0 30 50 76 253 | 760 5 1.5
3.0-40-0 3.0 40 0 193 482 1447 1.2 0
3.0-40-10 3.0 40 10 174 434 (1302 1.5 0.01
3.0-40-20 3.0 40 20 154 386 [1157[ 1.5 0.1
3.0-40-30 3.0 40 30 135 338 [1013] 1.8 0.15
3.0-40-40 3.0 40 40 116 289 | 868 1.8 0.5
3.0-40-50 3.0 40 50 96 241 | 723 2 1.2
3.0-50-0 3.0 50 0 230 460 [1380| 0.6 0
3.0-50-10 3.0 50 10 207 414 [1242] 0.8 0.003
3.0-50-20 3.0 50 20 184 368 [1104] 0.7 0.025
3.0-50-30 3.0 50 30 161 3221966 | 0.7 0.1
3.0-50-40 3.0 50 40 138 276 | 828 1.2 1
3.0-50-50 3.0 50 50 115 230 | 690 1.1 1.5

* T is saturated.
* The amounts of SP and Fa were determined one by one
while mixing.



Cement Science and Concrete Technology, Vol.71

60

50 O W/C=30 |
BW/C=40

40 —
AW/C=50

[\
o

—
o

Compressive strength[N/mm?]
=S

0.0 0.2 0.4 0.6 0.8 1.0
S/C=2.0  Void ratio[-]

60

50 ® W/C=30 |
BW/C=40

40 1
AW/C=50

30

20

10

0

Compressive strength[N/mm?]

0.0 0.2 0.4 0.6 0.8 1.0

S/C=2.5 Void ratio[-]
60
50 OW/C=30| |
BW/C=40
40 AW/C=50 | |

[}
(e}

—_
[

Compressive strength[N/mm?]
(V%)
[w=]

(]

0.0 0.2 0.4 0.6 0.8 1.0

S/C=3.0  Void ratio[-]

Fig. 2 Relationship between Void ratio
and Compressive strength
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Table 3  Unit weight

Sand | Water Unit weight [kg/m®]
cement | cement Air

Combination ratio ratio | content | Water | Cement | Roof tiles | Sand

(S/C) | W/O) | [%] W c T S
[-] [%]

T-2.5-40-0 0 216 541 1353 0
T-2.5-40-20 2.5 40 20 173 433 1082 0
T-2.5-40-40 40 130 325 812 0

S-2.5-40-0 0 243 606 0 1516
S-2.5-40-20 2.5 40 20 194 485 0 1213
S-2.5-40-40 40 146 364 0 909
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Air Unit amount [kg/m®]
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[%] A\ C T S
T-2.5-40-40 2.5 40 40 130 325 812 0
5-3.0-40-40 3 40 40 130 325 0 984
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ABSTRACT : It is necessary to be crushed and downsized to recycle the used roof tiles. The crushed
roof tiles are including a large quantity of powders. This is called “the recycled roof tiles fine
aggregate”. Characteristics of the crushed roof tiles are lightweight and porous structure.

The ultimate aim of this study is the Application development of air mortar using the recycled roof
tiles fine aggregate. In addition, it is the zero—emission of the used roof tiles. For the application of
the tiled air mortar, cured physical properties were ascertained assuming “coating material” such
as sand-scattering prevention which does not require high strength. In this study, we clarify the
relationship between the void ratio and various strengths and further clarify the relation with the
water permeability.

From experiments, when the sand cement ratio is small and the water cement ratio is large, air—-
mortal 1s difficult to constrain foaming. Compressive strength of the air-mortal using the recycled
roof tiles fine aggregate can be estimated from void ratio. Furthermore, the static elastic modulus,
bending strength, tensile strength can be estimated from compressive strength. When the air
quantity of the air-mortar is about 40 %, it has high water permeability. The recommended mixing
proportion of the air mortar is that the sand cement ratio is 2.5, the water cement ratio is 40 % and
the target air quantity is 40 %.

KEY WORDS : Recycled roof tiles, Fine aggregate, Air mortar, Void percentage, Compressive
strength, Industrial by-product

638



