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Abstract
There are currently about 800,000 to 900,000 tons of waste clay roof tiles disposed of each year in Japan. It is, however,

difficult to dispose of all these tiles at disposal facilities under present conditions. There have been a few studies up until now

on using clay roof tile fine aggregate for concrete and mortar. However, in order for the recycling of waste clay roof tiles to be

implemented in this way, it is necessary to improve the performance of concrete and mortar that includes clay roof tile fine

aggregate. In this study, fiber reinforced mortar specimens that include waste clay roof tile fine aggregate were tested under

compressive, split tensile and 3-point flexural loading to investigate the applicability of fiber reinforced mortar. The results

suggest it is possible to improve ductility with fiber reinforced mortar specimens that include waste clay roof tile fine

aggregate.
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o To9 T 1o% 535 o ) JERERAL 5 B O FRA 5 513, ST 7&/&%3\_. UFOFET
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G-2 2.18 1.96 11.15 2.48 169.93 i s
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ODD : Oven-dry particle density, - e N
SSD : Saturated surface-dry particle density, AT S, ZD&E, P— 0. BRORKEEP)FN S HIH
PSV : Percentage of solid volume Ml (K) % FLICHTE OkKN X TBALZM 0, ZRD, ZOHZ
—O—R-5
—0— =  Specimen
& Displacement \ == Cross head
? transducer == Displacement
g = transducer
£ =
_ Displacement
transducer
0.15 0.3 0.6 1.2 2.5 5 10
Sieve size(mm) Concrete compression instrument (2000kN)
Fig. 1 Grading distribution Fig. 2 Compressive system
Table 2 Outline of specimens
Specimen Mortar tvpe Sand Cement Water-cement ratio Sand-cement ratio Fiber volume fraction
P P (wt.%) (wt.%) (Vol.%)
NM40-VF0 0
40 60
YEIRYT Ordinary 7
NM50-VE3 NM Natural l:jortlan(ti 50 80 3
NM60-VFO emen 0 100 0
NM60-VE3 3
40R-5+R-2-VF3 R-5+R-2 55 3
40G-5+G2-VF0 G51Ga 40 8 0
40G-5+G-2-VF3 3
50R-5+R-2-VF0 0
SOR-5+R2-VF3 R-SHR-2 White 178 3
50G-5+G-2-VF0 WRTM 50 0
0G5 G2VF3 G-5+G-2| Cement 130 3
50R-5+G-2-VF3 R-5+G-2 174 3
60R-5+R-2-VF3 R-5+R-2 256 3
60G-5+G-2-VF0 60 0
e -54+G-
60G-5+G-2-VF3 G-5+G-2 184 3

Fine aggregate : Natural : Crush sand(Percentage of absorption: 1.36%, Fineness modulus:2.94, Maximum size: 5.0mm),
Pit sand(Percentage of absorption:2.66%, Fineness modulus: 1.51, Maximum size:2.5mm)
R-5:Red Waste Clay Roof Tile under Smm(Percentage of absorption:9.57%, Fineness modulus:4.67, Maximum size: 5.0mm)
R-2:Red Waste Clay Roof Tile under 2mm(Percentage of absorption: 12.28%, Fineness modulus:2.14, Maximum size:2.0mm)
G-5:Gray Waste Clay Roof Tile under Smm(Percentage of absorption:7.95%, Fineness modulus:5.01, Maximum size: 5.0mm)
G-2:Gray Waste Clay Roof Tile under 2mm(Percentage of absorption: 11.15%, Fineness modulus:2.48, Maximum size:2.0mm)
The mixing proportion of crushed sand and pit sand are 7:3, R-5 and R-2 are 1:9, G-5 and G-2 are 1:9, R-5 and G-2 are 1:9.
Fiber: Vinylon fiber(Diameter:0.20mm, Length:24mm, Young's modulus: 29kN/mm?, Tensile strength: 975N/mm2)
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Table 3 Test results
Fresh Hardening
. *2
Flow | Air | Temperature Young's [ Compressive | Compressive [  Split Flexural _ Flexural mug,hness Number| Crack
Specimen value | content| of mortar | Density | modulus strength fracture tensile strength Displacement | Displacement| ¢ band
*1 =7.5mm =15mm L3
energy strength ) N crack ~ | width
| %) | (©) gty [(Nmn)| Nmm) | Nmm) | oy | Ny 000 (N (mm)
NM40-VF0 248 0.7 20.0 2.16 19.5 59.2 46.76 3.30 442 2.59 — 1 —
NM40-VE3 175 1.8 20.0 2.10 17.0 50.1 67.73 3.16 12.2 6.01 342 2 7.84
NM50-VFO 245 0.9 19.0 2.11 16.2 40.0 23.20 3.05 3.39 1.93 — 1 —
NMS50-VE3 180 24 19.5 2.06 13.9 38.9 53.11 2.73 10.0 6.39 4.13 5 27.6
NM60-VFQ 239 0.9 19.0 2.05 12.9 29.0 18.88 2.26 2.74 1.77 — 1 —
NM60-VE3 174 2.0 19.0 2.01 12.0 29.5 57.05 235 9.82 7.62 5.35 [9 28.5
40R-5+R-2-VF3 | 171 1.8 21.0 2.04 16.3 51.7 74.67 4.19 10.19 5.51 3.35 2 11.97
40G-5+G-2-VF0 | 242 1.7 20.0 2.09 17.4 65.3 — 4.32 4.87 2.80 — 1 —
40G-5+G-2-VF3 | 172 1.5 21.0 2.06 16.4 51.5 61.94 5.90 9.43 5.05 3.06 1 6.97
S0R-5+R-2-VFO | 220 14 21.0 2.10 19.3 46.8 32.23 3.91 5.05 3.23 — 1 —
SO0R-5+R-2-VF3 | 131 0.0 23.0 2.06 20.9 39.0 71.20 4.19 8.81 4.97 2.98 1 6.53
50G-5+G-2-VF0 | 270 0.0 20.0 2.17 24.0 53.9 24.56 3.93 5.17 2.98 — 1 —
50G-5+G-2-VF3 | 154 0.7 19.0 2.03 15.9 424 66.72 4.23 8.39 4.09 2.60 1 4.09
50R-5+G-2-VF3 | 119 0.2 19.5 2.04 21.0 40.3 72.90 4.30 9.10 5.16 — 1 6.03
60R-5+R-2-VF3 | 106 0.0 21.0 2.04 14.8 27.7 65.21 3.20 8.60 5.47 3.53 2 2.71
60G-5+G-2-VF0 | 272 0.0 17.0 2.04 19.0 40.7 26.92 397 4.59 2.81 - 1 -
60G-5+G-2-VF3 | 161 0.7 19.0 2.01 17.4 32.9 66.01 391 9.67 6.68 — 3 16.18

*1 : Initial cracking stress for fiber reinforced mortar.
*2 : For plain mortar,the value was obtained at maximum load.
*3 : The values were observed after the test for notched beam specimens.
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Fig. 5 Young’s modulus, compressive strength and split tensile strength of plain mortar
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Fig. 6 Young’s modulus, compressive strength and split tensile strength of fiber reinforced mortar
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Fig. 7 Flexural strength and number of crack of fiber reinforced mortar
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Fig. 9 Compressive fracture energy of fiber reinforced mortar
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Fig. 11 Flexural toughness of plane mortar and fiber reinforced mortar
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