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An Experimental Study on the Freeze-Thaw Resistance
of Concrete Incorporating Waste Foundry Sand

i ES M 20 HER[ A
Yun Kyong-Ku Lee Joo-Hyung Hong Chang-Woo Park Je-Seon

ABSTRACT

Concrete structures has been deteriorated by the freezing and thawing due to temperature
gap. This study was conducted to evaluate durability of concrete which are increasingly
demanded recently. Therefore the research of durability must be executed for application of
waste foundry sand concrete real structures. Concrete durability properties incorporating waste
foundry sand was performed with the variable of W/C ratio, Sand/Waste foundry sand ratio
and Air entrainment-Non air entrainment. Cylinder specimens were made and subjected to
freezing and thawing cycle at -18C and 4C. Dynamic modulus of elasticity were evaluated as
F/T cycle increase.

The results show that strength of concrete is increased the W/C ratio decrease, the
Sand/Waste foundry sand ratio increase when the concrete contains AE agent and decreasing
W/C ratio and AE concrete makes improved resistance of freezing and thawing improved.
Especially, resistance of freezing and thawing is improved by Fine aggregate/Waste foundry
sand ratio which is 50%. 25%, 0% in a row. Therefore it is turn out the waste foundry sand
could be applied to concrete from the experiment.

Keywords : waste foundry sand, freezing and thawing, resistance, durability.
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Table 1 Chemical and Physical Properties of Foundry Sand (Unit:%)
. . . . Size | Specific . Fineness
Si0s [ Al2O3| FeeOs | TiOz { MnO | CaO | MgO | K20 | Na0 | P20s [L.O.1 (mm) | Gravity Absorption Modulus
87.3(5.03{ 1.29 {0.15}0.01 0.37;0.42 1.56 | 0.47 | 0.03]2.91| <1.18] 2.43 1.63 1.15
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Table 2 Physical Properties of Aggregate

. , Size Spec1.ﬁc Absorption |Fineness
Classification (rmm) Gravity (%) Modulus
(207) 7 ;
Coarse 25| 2.65 1.01 7.00
Aggregate
Fine G | 261 0.87 2.52
Aggregate
Grain-size Accumulation Curve
e — e R AF A
_____ ‘ wa sty
% RGN ! !
: J Y £ D A W O N N VA N S
S S 017 a1 RO
£ T F e : g
% r T { ' T RN
. . " ‘ S A ,\
8 ] o aa Fine Ags
‘f‘ ;‘Tfj" 777 r - ,: Foundry Sand \
et - M

wrain dismeter fmm}

Fig. 1 Gradations of Aggregate Used
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Table 3 Mixing Design of Concrete

. Waste foundry . Waste Air
S;)Sec1men sand/Fine Agg. \?/;()J (S;};‘ Water |Cement ime Foundry Czarse AE | Content
eries (%) o 8 Sand 88 (%)
W40-N-0 40 | 32 193 484 540 - 1151 - 2.0
W50-N-0 50 | 35 193 386 623 - 1151 - 2.1
W60-N-0 0 60 | 37 193 320 676 - 1151 - 2.4
W40-A-0 40 | 32 169 424 534 - 1151 0.170 4.0
W50-A-0 50 | 34 169 338 605 - 1151 0.135 4.4
W60-A-0 60 | 36 169 282 653 - 1151 0.113 4.5
W40-N-25 40 | 32 193 484 405 135 1151 - 1.4
W50-N-25 50 | 35 193 386 467.2 155.8 1151 - 1.9
W60-N-25 o5 60 | 37 193 320 507 169 1151 - 2.0
W40-A-25 40 | 32 169 424 400.5 133.5 1151 0.170 3.2
W50-A-25 50 | 34 169 338 453.7 151.3 1151 0.135 3.9
W60-A-25 60 | 36 169 282 489.7 163.3 1151 0.113 3.8
W40-N-50 40 | 32 193 484 270 270 1151 - 1.4
W50-N-50 50 | 35 193 386 311.5 311.5 1151 - 1.8
W60-N-50 50 60 | 37 193 320 338 338 1151 - 1.7
W40-A-50 40 | 32 169 424 267 267 1151 0.170 2.8
W50-A-50 50 | 34 169 338 302.5 302.5 1151 0.135 3.2
W60-A-50 60 | 36 169 282 326.5 326.5 1151 0.113 3.5
1 hr 1 hr 1 hr 1 hr
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Fig. 2 A Freezing and Thawing cycle
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Table 4 Strength Test Result of Specimen

Specimen 14 Days e 28 Days :
Series Mean Std.Dev Ster:r:;:(}i Mean Std. Dev gte;lf:g‘;i
W40-N-0 182 9.18 1.00 267 11.47 1.00
Control W50-N-0 173 10.21 1.00 221 " 8.50 1.00
W60-N-0 168 13.47 1.00 190 6.60 1.00
W40-N-25 202 13.89 1.11 258 13.64 0.97
W50-N-25 179 27.78 1.03 207 10.50 0.94
W60-N-25 158 17.21 0.94 181 10.20 0.95
W40-N-50 189 12.39 1.04 242 13.07 0.91
W50-N-50 138 6.65 0.80 169 11.78 0.76
W60-N-50 92 8.96 0.55 131 8.99 0.69
W40-A-0 226 3.40 1.24 241 13.77 0.90
W50-A-0 152 4.50 0.88 203 12.55 0.92
W60-A-0 127 13.59 0.76 152 9.57 0.80
W40-A-25 210 13.37 1.15 290 9.53 1.09
W50-A-25 177 12.68 1.02 236 3.74 1.07
W60-A-25 121 4.92 0.72 169 7.26 0.89
W40-A-50 266 7.79 1.46 307 13.96 1.15
W50-A-50 232 8.99 1.34 273 10.71 1.24
W60-A-50 215 9.98 1.28 203 156.51 1.07
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Duradiility Factor

Fig. 11

Change of Durability Factor with W/C
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Table 5 Results of condition evaluation by freezing and thawing cycle

Cycle
Specimen 46 69 92 138 161 184 207 230 300
Series

W40-N-0
W50-N-0 C B
W60-N-0 C B
W40-A-0
W5H0-A-0 C S
W60-A-0 S B
W40-N-25
W50-N-25 W S
W60-N-25 S B
W40-A-25 C S
W5H0-A-25 W S
W60-A-25 C B
W40-N-50
W50-N-50 C W B
W60-N-50 C B
W40-A-50
W50-A-50 C S
W60-A-50 S B

note) C - Cracking W - Swing S - Scalling B - Breakage
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Table 6 Durability Factor

Specimen Finishing Relative dvnamic Durability factor
Series Cycle modulus(%) DF(%)
W40-N-0 300 93.17 93.2
W5E0-N-0 69 60.15 13.8
W60-N-0 58 60.00 11.6
W40-A-0 300 93.14 93.1
WhH0-A-0 184 63.62 39.0
W60-A-0 46 61.33 9.40
W40-N-25 300 95,37 95.4
W50-N-25 215 60.00 43.0
W60-N-25 104 60.00 20.8
'W40-A~25 300 93.14 93.1
W150-A-25 220 60.00 44.0
W60-A-25 ol 60.00 12.3
‘W40-N-50 300 89.06 89.1
WH0-N-50 138 61.51 28.3
W60-N-50 109 60.00 21.8
W40-A-50 300 97.36 97.4
W50-A-50 230 58.11 44 .6
W60-A-50 106 60.00 i 21.1
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