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ABSTRACT

This study was performed to examine the freezing and thawing properties of the high strength
concrete using recycled coarse aggregate. The recycled coarse aggregate was replaced by 0%, 25%,
50%, 75% and 100% of natural crushed aggregate.

The compressive strength of the concrete used recycled coarse aggregate was shown in more than
400kgt/cnt at the curing age 28 days. The weight loss ratio by freezing and thawing was shown in
less than 1% at all mix type. The pulse velocity and relative dynamic modulus were decreased with
increasing the freezing and thawing cycles. Also, durability factor for the freezing and thawing were
decreased with increasing the content of recycled coarse aggregate. But, recycled concrete replaced
with recycled coarse aggregate 100% was shown in more than 60 by durability factor in freezing and
thawing of 300cycles

Accordingly, these recycled coarse aggregate can be used for high strength concrete.
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Table 1. Physical properties of normal portland

cement
Specific  Setting time ~ Compressive strength
gravity (h ‘min) (kgf/cnt)
(20C) Initial Final 3days 7days 28days
3.15 5-7 7-20 194 216 323

Table 2. Chemical composition of normal portland

cement (Unit:%)

SiOz Aleg CaO MgO SOg Kzo NazO Fe203
2109 484 6385 332 309 113 029 239
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Table 3. Physical properties of aggregate

Specifi Unit
Size pec1' ¢ Absorption Fineness m
Item (mm) gravity %) odul weight
mm modulus
(20C) 0 (kgf/ )
Fine aggregate 475 2.62 0.87 2.66 1,675
Coarse Crushed 4.75~20 2.64 1.25 7.35 1,571
aggregate Recycled 4.75~20 2.62 187 6.78 1,543
Fig. 1. Recycled coarse aggregate Fig. 2. Cmshed coarse aggregate
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Table 4, PhYSICal propertles of ﬂy ash X-]] % A}%g}% o 1:!:] o] _q] ?_:] ) 7_44 }\é é‘ To: Table 631]r

Specific  Specific

, Unit weight Grain size 2
gravity  surface (kgf/ ) (mm) lor
m mm
(20C)  (ai/g) .
039 3152 1072 015 GCay 2 "]'ﬁzﬂ A=
1. 23z HHst
Table 5. Chemical composition of fly ash(Unit: %) _._ﬂar_- WEe TRERINENA A ZAL
Si0; ALO; CaO MgO SO; NasO FeOs Igloss FI3gEY 7ol =AFH L nAE JFS
599 252 750 059 009 041 604 509  pwas) gate] AATAl ASS QukaA )
Table 6. General properties of super water reducing agent
Specific Water Setting time Bleeding
gravity PH Color reducing Initial Final quantity
(20C) (%) (h:min) (h:min) (%)
Dark
1.191 6.61 brown 184 7:33 10:36 56.4
liquid
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Table 7. Mix design of recycled coarse aggregate concrete

Unit weight (kef/nf)

Mix Replacement W/B  S/a

) G SWRA

type proportlon (%) (%) (%) W B C FA S W

FRH1 0 35 39 170 486 389 97 650 1,024 -
FRH2 25 35 39 170 486 389 97 650 768 256 10
FRH3 50 35 39 170 486 389 97 650 512 512 y B %
FRH4 75 35 39 170 486 389 97 650 256 768
FRH5 100 35 39 170 486 389 97 650 - 1,024

W/B : water/(cement + fly ash), S/a : ratio of fine aggregate

W : water, C : cement, FA : fly ash

S : fine aggregate, G : coarse aggregate

C.A : crushed coarse aggregate, R.A : recycled coarse aggregate

SWRA : super water reducing agent

FRH : high strength concrete using fly ash and recycled coarse aggregate
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Table 8. Compressive strengths of FRH concrete

(Unit : kgf/ct)
. Curing age
Mix e =7 (ave)  28(days)  91(days)
FRH1 354 452 585
FRH?2 352 445 579
FRH3 350 440 574
FRH4 348 436 568
FRH5 338 424 555
w7 F
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600 [ 91days
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Fig. 3. Comparison of compressive strength and
mix type
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Table 9. Weight loss ratios of freezing and thawing cycle(Unit :

%)

Mix Number of freezing and thawing cycle
type 0 30 60 90 120 150 180 210 240 270 300
FRH1 0 0 0 0.02 0.02 0.04 0.09 0.12 0.17 0.39 0.69
FRH2 0 0 0 0.02 0.04 0.05 0.09 0.12 0.21 0.43 0.71
FRH3 0 0 0 0.02 0.04 0.05 0.09 0.12 0.25 0.44 0.73
FRH4 0 0 0.02 0.04 0.05 0.08 0.11 0.16 0.30 0.46 0.76
FRH5 0 0 0.02 0.04 0.05 0.08 0.12 0.18 0.32 0.53 0.84
Table 10. Pulse velocities of freezing and thawing cycle(Unit : m/s)

Mix Number of freezing and thawing cycle
type 0 30 60 90 120 150 180 210 240 270 300
FRH1 4853 4747 4725 4677 4655 4552 4537 4397 4323 4208 4,112
FRH2 4830 4,736 4666 4640 4603 4518 4503 4392 4221 4149 3891
FRH3 479 4725 4661 4598 4593 4464 4411 4369 4178 3965 3843
FRH4 4774 4719 4655 4532 4527 4444 4364 4200 3913 3890 3773
FRH5 4719 4614 4518 4378 4392 4269 4112 3916 3,787 3640 3573
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Fig. 4. Change of weight loss ratio by freezing

and thawing cycle
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Fig. 5. Change of pulse velocity by freezing and
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Table 11. Relative dynamic modolus of elasticities by freezing and thawing cycle (Unit : %)

Mix Number of freezing and thawing cycle

type 0 30 60 90 120 150 180 210 240 270 300
FRH1 100 94.6 91.3 90.3 874 84.9 82.7 82.0 81.7 78.3 76.6
FRH2 100 935 905 89.5 84.8 82.7 81.7 79.6 715 75.2 725
FRH3 100 928 89.8 87.3 82.6 82.2 81.1 79.2 758 72.3 69.7
FRH4 100 92.3 88.2 85.3 824 81.7 79.9 76.7 73.7 71.8 69.2
FRH5 100 921 871.7 84.7 82.3 799 782 76.4 70.6 69.7 60.8
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Durability factor
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Fig. 7. Comparison of durability factor and mix

type
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