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ABSTRACT

PURPOSES: In this study, wasted vinyl aggregate, which possesses better thermal properties than natural aggregate, was used in cement
concrete mixture to develop more economical concrete with thermal insulation and freeze prevention effects.

METHODS: Sump and air content of the fresh concrete, which subdtituted its 0%, 5%, and 10% of coarse aggregate with wasted vinyl
aggregate, were measured. Compressive strength, Poisson's ratio, elastic modulus, and splitting tensile strength of hardened concrete were
measured by laboratory tests. Thermal properties of concrete such as coefficient of thermal expansion, therma conductivity, and specific heat
were also measured according to replacement ratio of wasted vinyl aggregate. Finally, the thermal insulation and freeze prevention
effectiveness of the concrete mixed with wasted vinyl aggregate was confirmed through finite element analysis of road pavement crossing
above concrete box culvert made from wasted vinyl aggregate.

RESULTS: Even though the physical properties of wasted-vinyl-aggregate concrete such as compressive strength, Poisson°@s ratio, dastic
modulus, and splitting tensile strength were inferior to those of ordinary concrete, they met requirements for structural concrete. The thermal
properties of concrete were improved by wasted vinyl aggregate because it decreased therma conductivity and increased specific heat of the
concrete. According to the result of finite element analys's, temperature variation in pavement subgrade was mitigated by box culvert made
from wasted-vinyl-aggregate concrete.

CONCLUSIONS: Through the laboratory test and finite element analysis of this study, it was concluded that the concrete structures made
from wasted vinyl aggregate showed thermal insulation and freeze prevention effects.
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Fig. 1 Quantities of Original and Reused Wasted Vinyl
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Table 1. Properties of Wasted Vinyl Aggregate and
Crushed Aggregate (Kim, 2014)

Wasted vinyl Crushed
Property aggregate aggregate
Specific gravity 1.08 Coarse 2.5~2.7
Thermal conductivity 0.092 Coarse 1.92
(kcal/hr.m.C) . Fine 1.7
Internal friction angle 43.6° VARG
Abrasion rate 2.36% Below 40%
: Heavy metal undetected,
Environmental o, S redient 0.92% -
harmfulness (5% lelt)
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Table 2. Concrete Mixture Design by Replacement
Ratio of Wasted Vinyl Aggregate

Replacement|Gmex|w/c| S/a| W | C S | g |Wasted| Plasti

ratio(3e) | (mm)| (%) | (%) (/) /) (/) k) e e
0 20 |43.6/42.2|169.5 |389.06|754.15(1072.85) - 1.95

5 20 |43.6/42.2|169.5|389.06|754.15(1019.21| 53.64 | 1.95

10 | 20 |43.6/42.2|169.5|389.06|754.15(965.57| 107.28 | 1.95
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Table 3. Results of Air Void and Slump Tests by
Replacement Ratio of Wasted Vinyl Aggregate

Replacement ratio
(%) 0 5 10
Air void(%) 4 35 3.8
Slump(mm) 89 88 75
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(c) Splitting tensile strength test

Fig. 4 Tests for Hardened Concrete
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Table 4. Coefficient of Thermal Expansion of Concrete
According to Replacement Ratio of Wasted
Vinyl Aggregate

Replacement ratio

(%) 0 5 10

Coefficient of thermal

) o 9.4%x10° | 10.8x10° | 11.3X10°
expansion (/C)
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Table 6. Size and Element Type of Finite Element Model

Model component Size Element type
Concrete slab 6mXx0.3m DC2D4
Lean concrete subbase 30mXx0.15m DC2D4
Dowel D32XL500mm DC1D2
Subgrade 18mX12m pczbs
DC2D4
Box culvert 4.5mx4.5m(0.5m thk.)| DC2D4
Backfill - DC2D3

Table 7. Material Properties of Finite Element Model
(California DOT, 2008; WSDQT, 2012; Park et al., 2010)

Wasted|Wasted| Wasted
vinyl | vinyl | vinyl

Concrete Lea Sub-

slab gggg;estg grade Dowel |Backfil aggregatelaggregate|aggregate
(0%) | (5%) | (10%)
Elastic
m(oduIL)Js 28,000(13,800| 70 {200,000{ 110 |31,000{30,200{27,900
MPa

Paseons | 0.18 | 0.2 | 03 | 03 | 025 | 048 | 02 | 022

'(Jk%”/fn"ay) 2,500 | 2,400 | 1,900 | 2,000 | 2,000 | 2,356 | 2,326 | 2,292
Thermal
c(or}ductivigy 8373 | 7,776 | 3,499 | 900 | 4,608 |10,053| 6,960 | 5,235
Jihrm.C

Speciic het
D] 800 | 948 | 930 | 450 | 930 | 1,026 | 1,043 | 1,059
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