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Abstract

The quality of lightweight aggregate made from waste PET bottle(WPLA) and the workability, the unit weight
and strength property of concrete with WPLA were investigated for the purpose of recycling the waste PET bottles
as lightweight concrete fine aggregate.

This study indicated a good result that WPLA should be replaced with less than 50 % of natural fine aggregate.
When WPLA was replaced with 50 % of natural fine aggregate, the specific gravity and water absorption of mixed
fine aggregate were greatly reduced about 23 and 75 % respectively in comparison with those of river sand. The
quality of WPLA affected on the properties of lightweight aggregate concrete. The workability of fresh concrete with
WPLA(WPLAC) was improved with increasing the replacement ratio of WPLA and water cement ratio. Slump
increasing ratio of the former showed about 45 ~ 120 % because that a specific gravity of fine aggregate was
decreased from 2.6 to 1.7. The unit weight of concrete with 75% WPLA was decreased about 17 % in comparison
with that of control concrete. Furthermore, the compressive strength of concrete with 25 and 50 % WPLA at the age
of 28days increased higher than 30 MPa regardless with water cement ratio (W/C=45, 49 and 53 %) of this study.
Specific strength of concrete with 25% WPLA, 1511 x10° MPa - m3/kg, was higher than that of contro concrete in
water cement ratio of 49%. The compressive strength-splitting tensile strength ratio and compressive
strength-modulus of elasticity ratio of WPLAC were similar to that of nomal lightweight aggregate concrete. This
results showed a good estimation that WPLA will be able to recycled as a fine aggregate for lightweight concrete.

Keywords : waste PET bottle, lightweight aggregate using waste PET bottle(WPLA), specific gravity, concrete with WPLA(WPLAC),
compressive strength
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Table 1 The chemical compositions and physical
properties of cementitious materials

Types | SiO2 (%) | Al:O3 (%) | Fex0s (%) Ca0 (%)
OPC 21.60 6.00 3.10 61.41
GGBF 33.33 15.34 0.44 4212

Types | MgO (%) | 05 (%) Specific | Specific surface

gravity area (cm?/g)
OPC 3.40 2.50 3.15 3,539
GGBF | 570 2.08 2.90 3,480

Table 2 Physical properties of aggregates

Types Gmax (mm) Z[r);czf; abso\:/pétlit(f; (%) FM.
RS - 2.60 1.82 2.90
WPLA - 1.39 0.02 411
Coarse agg. 20 2.69 0.86 7.15
Types .Orga.n?c Unit weisght Perce;ntage
impurities (kg/m”) of solids (%6)
RS OK 1,677 64.5
WPLA 0K 844 60.7
Coarse agg. - 1,589 58.0
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Table 3 Mixture proportions of concrete

WPLA/ Unit weight (kg/m®) WRAE
o Ww/C S/a 3
(RS+WPLA) (%) W C RS WPLA G (kg/m”)
0 484 178 336 844 0 930 1.008
25 53 484 178 336 633 113 930 1.008
50 48.4 178 336 422 225 930 1.008
75 48.4 178 336 211 338 930 1.008
0 47.0 180 367 805 0 939 1.101
25 49 47.0 180 367 604 108 939 1.101
50 47.0 180 367 403 215 939 1.101
75 47.0 180 367 201 323 939 1.101
0 459 181 402 771 0 941 1.206
25 5 45,9 131 402 579 103 941 1.206
50 45.9 181 402 386 206 941 1.206
75 45.9 181 402 193 309 941 1.206
Cutting of
waste PET bottle
(5-15mm) Addition of
w
(Cx 16~20%)
Mixing
(250°C, 30-50prm)
Cooling
(air cooling system)
NO
YES
WPLA
Fig. 1 Manufacturing process of WPLA -
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Fig. 2 Grain size distribution curves for fine
aggregate with various substitution of
WPLA
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Table 4 Results on the unit weight of concrete

W/C, % | WPLA/(RS+WPLA), % | Unit weight, kgf/m®
0 2,300
25 2,220
53 50 2,130
75 2,010
0 2,300
25 2,230
49 50 2,120
75 2,000
0 2,300
25 2,260
S 50 2,160
75 1,940

o PET HE ZYZ32|EE HENE 85| o5 4y 37

Air content (%)
w

W/C (%)

2 O 45

A 49

1 O 53
0 1 1 1 1
0 25 50 75

Replacement ratio of WPLA (%)

Fig. 6 Air content vs. replacement ratio of WPLA
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Fig. 7 Compressive strength vs. curing period
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Fig. 8 Compressive strength vs. cement-water ratio
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Table 6 Structural efficiency of concrete
(x10°, MPa - m*/kg)

WPLA/ W/C (%)
(RS+WPLA)(%) 45 49 53
0 16.17 15.04 13.67
25 14.96 15.11 13.38
50 1472 13.73 1235
75 12.83 11.60 10.85

Table 5 Characteristic value of equation on the
compressive strength according to cement
water ratio

WPLA/ Coefficient
(RS+WPLA) (%) 4 b of correlation(r”)
0 17.18 -0.78 0.989
25 12.03 7.73 0.722
50 16.61 -4.99 0.996
) 9.40 4.04 1.000
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