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Optimal Compounding Method and High Temperature Resistance of Waste Glass Concrete

LI Bixiong, ZHANG Zhibo, ZHU Yage, LIU Xing
(Key Lab. of Deep Underground Sci. and Eng. for Ministry of Edu., College of Architecture and Environment, Sichuan Univ., Chengdu 610065, China)
Abstract: Currently, the most common treatment method of waste glass is landfill disposal, which both causes pollution to the environment and
wastes resources. As a result, realizing the re-utilization of solid waste and recycling economy becomes the important parts of sustainable devel-
opment strategy. To improve the utilization rate of waste glass, waste glass powder was taken to replace part of the cement in concrete as supple-
mentary cementitious material, while waste glass was applied to replace part of the stone and river sand as coarse and fine aggregate. In this way,
the effect of its compounding method on the compressive strength of recycled concrete could be studied, thus determining optimal blending meth-
od. After that, the mechanical properties of recycled concrete with waste glass were further studied by conducting different experiments, such as
splitting tensile, anti-flexural and axial compressive tests. Simultaneously, the effect of waste glass on the high temperature resistance of concrete
was also discussed in detail. According to the results, the compressive strength of recycled concrete reached the maximum value of 53.43 MPa
with 0, 25% and 25% (mass ratio) of waste glass powder, waste glass coarse aggregate and waste glass fine aggregate respectively, and the split-
ting tensile strength was 8.52% higher than that of ordinary concrete, the flexural strength was 1.47% higher than that of ordinary concrete, and
the axial compressive strength was 19.17% lower than that of ordinary concrete; the strength of recycled concrete retention rate decreased with the
growing of heated temperature, and the incorporation of waste glass had a significant improvement on the strength preservation of concrete after
high temperature from 500 °C to 900 °C.
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Tab.1 Particle gradation of waste glass coarse aggregate
A%l /mm Hi/kg A5 /%
3.7~5.0 2.23 11.15
5.0~10.0 16.74 83.70
10.0~16.0 0.99 4.95
16.0~20.0 0.04 0.20
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Tab.2 Mix ratio of recycled glass concrete specimens

kg m>

I o WL SR HoR K

S0-0-0 405.6 1137.6 696.8 0 0 0 40 184.0
S0—-15-15 405.6 967.0 5923 170.6 1045 0 4.0 184.0
S0-25-25 405.6 853.2 522.6 2844 1742 0 4.0 184.0
S0—-35-35 405.6 739.4 4529 3982 2439 0 4.0 184.0

S0-50-50 405.6 568.8 348.4 568.8 3484 0 4.0 184.0

S10—-15-15 365.0 967.0 5923 170.6 104.5 40.6 4.0 184.0
S10-25-25 365.0 853.2 522.6 284.4 1742 40.6 4.0 184.0
S10—-35-35 365.0 739.4 4529 3982 2439 40.6 4.0 184.0
S10-50-50 365.0 568.8 348.4 568.8 3484 40.6 4.0 184.0

S20—-15-15 324.5 967.0 5923 170.6 1045 81.1 4.0 184.0
S20-25-25 324.5 8532 522.6 2844 1742 81.1 4.0 184.0
S20—-35-35 324.5 739.4 4529 3982 2439 8l.1 4.0 184.0
S20-50-50 324.5 568.8 348.4 568.8 3484 8l1.1 4.0 184.0

S30—-15-15 283.9 967.0 5923 170.6 104.5 121.7 4.0 184.0
S30—-25-25 283.9 8532 522.6 284.4 1742 121.7 4.0 184.0
S30—-35-35 283.9 739.4 4529 3982 2439 121.7 4.0 184.0
S30-50—-50 283.9 568.8 348.4 568.8 3484 121.7 4.0 184.0

S40—-15—15 243.4 967.0 5923 170.6 104.5 1622 4.0 184.0
S40-25-25 243.4 8532 522.6 2844 1742 1622 4.0 184.0
S40—-35-35 243.4 739.4 4529 3982 2439 1622 4.0 184.0
S40—-50-50 243.4 568.8 348.4 568.8 3484 1622 4.0 184.0
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Tab.3 High temperature performance test program
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Fig. 1 Influence of glass aggregate content on the strength
of specimens containing glass powder content
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Fig. 2 Influence of glass powder replacement rate on con-
crete compressive strength
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Tab.4  Split test result
R = S0-0-0  S0-25-0  S0-0-25  S0-25-25
PibL g/ MPa 2.70 3.35 2.17 2.93
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Tab. 6 Axial compression strength test results

RIS S0-0-0 S0-25-25
P 51 /MPa 45.08 36.44

Tab.5 Bending strength test results
R g5 S0-0-0  S0-25-0  S0-0-25  S0-25-25
P55 /MPa 4.77 5.18 4.49 4.84
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Fig. 4 Destructive form of prismatic specimen
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Fig.5 Appearance of specimens at different temperatures
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Fig. 6 Failure phenomenon of cube specimen after high
temperature
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Fig. 7 Relationship between the strength retention rate
and the target temperature
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