Vitrified Glass 232|EQ| 54

Utilization of Vitrified Glass as an Aggregate Source in Concrete
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Abstract

Over 4.1 billion metric tons of non-hazardous solid wastes are generated in the United
States annually, Therefore, there is a need to reuse or reprocess as many products or
by-~products as possible.

In this report, the aggregates produced from Naval Shipyard and Charleston area dredge
spoils are designated as GP 21-23 and GP 4-5. respectively.

The major objective of this study is to determine the feasibility of the use of these
aggregates in concrete.

The followings are some of the conclusions, observations and recommendations regarding
this portion of the research project

In most cases, the unit weight of concrete containing GP 21-23 and GP 4-5 (vitrified
glass) lower than the control concrete, and the concrete containing vitrified glass produced
lower compressive and bending strength compared to the control. However the concrete
containing vitrified glass could be used in the field based on the minimum criteria set for
the mix design.

The use of vitrified glass in concrete concrete is recommended in several applications
except parking lots, side walks and main roads, because abrasion resistance is not high.
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Table 1, Physical properties of the cement used

Water Setting time Compressive strength
Specific Fineness requirement Soundness (h:min) (MPa)
gravity (ai/g) at standard (%)
consistency (%) Initial Final 3 days 7 days 28 days
31 3,155 28 0.02 3:20 5:55 24.52 3198 41.36
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Table 2. Physical properties of the aggregate used

. . Specific |Absorption| Unit
Classif- | Size . ) Fineness .
icati ( ) gravity ratio odulus weight

m U
feation | M o5y | (%) (kgt/m®)
Coarse 1 vc ol 266 | 105 | 670 | 1511
aggregate
Fie | 45| 26 | ogr | 255 | 1510
aggregate
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Table 3. TCLP results for the product glasses

Analyse concentration (mg/t)
Constituent TCIT'P GP 21-93 | GP 4-5
limits
Arsenic (As) 5.0 {02 {02
Barium (Ba) 100.0 <02 {02
Cadmium (Cd) 1.0 01 {01
Chrornium (Cr) 5.0 (ol €01
Lead (Pb) 5.0 (a1 A
Mercury (Hg) 0.2 <01 <01
Selenjum (Se) 0.5 {0z (0.2
Silver (Ag) 5.0 <ol {01

# TCLP : Toxic characteristic leading procedure

Table 4. Physical properties of GP 21-23 and GP 4-5

Property GP 21-23 | GP 4-5

Bulk specific gravity (SSD) 2.669 2.707
Percent absorption (%) 123 1.79
Fineness modulus 541 493
Los angeles abrasion (%) 404 453

Size (mm) 475~25 |4.75~25
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Table 5. Mix design of vitrified glass concrete

(Unit : kegf/m%)

Aggregate
Mix Cement Water |GP 21-23| Co Slump
Fine Coarse 4-5 (cm)
Control 423 668 978 202 - -
5% 423 668 929 210 49 -
GP 21-23 | 10% 423 668 380 224 98 -
15% 423 668 831 230 147 - 10£1
op 5% 423 668 929 218 - 49
45 10% 423 668 880 231 - 98
15% 423 668 831 239 - 147
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] Concrete mix _]

GP 21-23 [ 6P 45 | [ Controt |
I |
6" x12" I"x3Tx1L" Same as GP Same as GP
Cylinder Beam 21-23 21-23

1

5%, 10%, 15% by weight
(Substituted for coarse aggregate)

Slump
% Air void
28-days strength
Elastic modulus

Same as
GP 21-23

Fig. 1. Experimental design for vitrified glass concrete (n=5)
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(using simple beam with center-point loading)).
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Table 6. Test results of vitrified glass concrete
Air void Unit Compressive Relative value Bending Relative value
Mix contents weight strength of compressive strength of bending
(%) (kgf/m°) (kgf/em®) strength (kgf/cm®) strength

Control 1.7 2,521 310.55 1.00 62.53 1.00
5% 19 2,446 301.78 0.97 62.34 1.00
GP 21-23| 10% 2.3 2,436 301.69 097 61.60 0.99
15% 2.4 2,428 289.88 093 61.05 0.98
oGP 5% 1.8 2,457 280.31 0.90 62.10 0.99
45 10% 19 2.449 279.97 0,90 61.33 0.99
15% 2.2 2,444 27454 0.88 60.21 0.96
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Fig. 2. Stress-strain curve of vitrified glass concrete

‘..94_



Vitrified Glass ZABIEL] EA

Table 7. Test results of elastic meodulus of vitrified
glass concrete

Elasticity Relative value
Mix modulus of elasticity
( x10%kgf/em®) modulus

Control 259 1.00

5% 254 0.98

GP 21-23| 10% 239 0.92
15% 228 0.88

5% 243 0.94

GP 4-5 10% 238 0.92
15% 234 0.90
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