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Experimental study on the effect of the wrapped slurry recycled coarse aggregate

on the mechanical properties and frost resistance of self-compacting concrete
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(1. College of Civil and Hydraulic Engineering, Ningxia University, Yinchuan 750021, P. R. China; 2. Department of
Engineering and Applied Sciences, Xinhua College of Ningxia University, Yinchuan 750021, P. R. China)

Abstract: Through the mechanical properties and rapid freeze-thaw cycle test of self compacting recycled
aggregate concrete, the influence of recycled coarse aggregate slurry on the properties of self compacting
recycled aggregate concrete is studied from the aspects of compressive strength, splitting tensile strength
and flexural strength, mass loss rate, compressive strength loss rate and relative dynamic elastic modulus

of specimens after freeze-thaw. Combined with SEM electron microscopy test, the mechanism of improving
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the frost resistance of concrete by wrapped slurry aggregate is analyzed microscopically. The results show
that, the conversion relationship between the split tensile strength, flexural strength and compressive
strength of ordinary concrete and recycled concrete is not applicable to self-compacting wrapped slurry
recycled aggregate concrete and the new relationship proposed in this paper is in good agreement with the
experimental data. Wrapped slurry recycled coarse aggregate optimizes the physical performance of the
aggregate, improves the transition area between the old and new concrete interfaces, enhances its
compactness, and improves the frost resistance. When 42. 5R cement slurry is used to wrap the aggregate,
the frost resistance of concrete is the best. Although it is not as good as ordinary concrete, the relative
dynamic elastic modulus of concrete increases by 18. 6% after 150 cycles of freeze-thaw compared with the
concrete of aggregate without wrapping slurry. The freeze-thaw damage model established based on the
compressive strength and relative dynamic elastic modulus after freeze-thaw has a higher fitting accuracy.,
and can better reflect the freeze-thaw damage failure law of self-compacting wrapped slurry recycled
aggregate concrete.

Keywords: self-compacting recycled concrete; wrapped slurry; mechanical properties; freezing and thawing

cycles; freeze-thaw damage model;microstructure

TREE T A PTRE IR 2% R TR RS C TR A
F 5 ) F K] @, 0 A AR L P L b X, i T VR il
WEIR TRBE L 25 2% IR REAR SE R A PR L 4
FET SR A U E AR L. A
PSR TRBE - A SO R T 2 F AR it T
BT ZRIG A58 200 AT B T RRLk & R s
e TR o AL R L, (H AR
F B AR AR 2 TORLRE L I /K 3R i 45 il S350
HPURAE AR T30 TR+, SR K V8 36 P A et
HEAT AL AL B, R W] SRk R A R A 2 L ] ek
HERLR A HRE R 2 S AR R MR,
RS PTRE .

BN IREE L PIAREE T REM . B
ATREE R PT IR M BE B AR T E R B, IR
VRALIG PR B 0, et VR £, PR TRE
B S BORERIA B  7E F A TR P B AR
LT YE LT 2 S 2T YRR RO IR K S )
PARH 1 RE et FLAL B 5 4 1 o R A S B
TREE L BT ZRPE s Yang 250 58 i stk “EMV 37
CERPIRTC T L ) P TR R hi v bE b
A B TR A Y E R IR EE B AR A
BB, B I BB T LU AL S B OIS 4 , [
s BR U OB TR U b s TR 4500 5
PRI B Bk 15 % 4Kk CaCO, 1 1% 140
K SIO XA IREE - PR R R E. H
RIS 3 B8 i SMB A AR R R 38 31 e B A=
TRBE - PTARE , XF BB T S5 TR S PR
PERITFSEARX AL D 83 R AN (] 5t B 45 R ) 7K Ul
T FEAE A R T AL A B B 5 A B A I T

A B RHRBE L 1A PR RE S AT UR e JF4E & SEM HY
Bk . IIOUL Y A1 BE 20 A 1 R SRR BE 9T
URIERY LA

1 K

1.1 E#fst

JKYR  FEE R 32, 5R .42, 5R.52. 5R Ml ik R £k
RS W R & T AR TR — Gk K
A5 pmfiig 5. 7 %0 s FE R BAEER A P2 5~20 mm
N A s 208 R e N TR P b AR B
Rl RIS A TR BE L, 28 [l SASO S 5% A C30,
50F R A R LA R 5 7 36 HH 5~20 mm, JEK A
I F A 7 1 SRR IR = ROk ]

KK EE R 0.5 B 7K e % F A dL R 6
HATEL IR Ab 3, I, K 35 8 R B EE MR Y
306 s BORMELIR 5 BT BA IAL B BHR B AN B AH B
RS RSB, BARRESR P 5597, 28 d Ja B By
T TIREE HHEFE, K 1 s, &R R A
PERENLFE 1.

(a) BBFARBLDE (b)) MOEE AR R
= T

() MBS AR R

(d) Ak
E1 BEHEEH
Fig. 1 Recycled coarse aggregate



%14 B ER,F ORFBAMTAS A EERE LN FRBARAEG YR 151
x1 HEBHBOEARMELE
Table 1 Basic properties of coarse aggregate
B3] MR/ (kg » m™2) R B/ (kg » m—®) Wk =/ % EIKE/ % JEWESR bR/ 2
PRS 2 660 1490 0. 63 0.2 10.7
KA E 2 608 1131 4. 84 1.0 15.2
32. 5R {3 2 549 1222 6. 32 0.7 14.9
42. 5R f 3 2 574 1273 5. 28 0.6 13.6
52. 5RALd 2 561 1272 5.56 0.8 14.0
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Table 2 Orthogonal factors and levels

HR A 40 1Y 75 5K 43 1 4 RS i 100 mm X
100 mm><100 mm FI 100 mm X 100 mm X 400 mm
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Table 3 Mix proportion of concrete mechanical properties test kg/m’

ErRes 7K KR i PNt A ML AR K Ik 7K )

1 361 120 816 766 85(7J) 202 3.4

2 361 120 816 681 170(32. 5R) 202 4.3

3 361 120 816 596 255(42. 5R) 202 5.3

4 361 120 816 511 340(52. 5R) 202 6.3

5 339 145 816 681 170(32. 5R) 198 5.3

6 339 145 816 766 85(J0) 198 6.3

7 339 145 816 511 340(52. 5R) 198 3.4

8 339 145 816 596 255(42. 5R) 198 4.4

9 321 173 816 596 255(42. 5R) 192 6.4
10 321 173 816 511 340(52. 5R) 192 5.4
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P 7K e WHEIR > PNk FAMH AR K %l
11 321 173 816 766 85(J) 192 4.4
12 321 173 816 681 170(32. 5R) 192 3.5
13 298 198 816 511 340(52. 5R) 188 4.5
14 298 198 816 596 255(42. 5R) 188 3.5
15 298 198 816 681 170(32. 5R) 188 6.5
16 298 198 816 766 85(70) 188 5.5
x4 BREIFREFIEESL
Table 4 Mix proportion of concrete freeze-thaw cycle test kg/m’
G Kk MR > KRR FRERLE R K WK
NSCC 361 120 816 851 0 202 4.3
RSCC,RSCC-32. 5R.42. 5R.52. 5R 361 120 816 681 170 202 4.3
x5 BRIETKWER
Table 5 Orthogonal test results of concrete
Hs T50/s YHEY R FE /mm BIpTRR A PR/ MPa BERI5REE / MPa Bidra EE / MPa
1 4 700 BBk 43.1 2. 65 4.1
2 4.5 605 ¥5) 46. 5 3.07 4.8
3 3.8 690 Bk 46.7 2.87 5.0
4 4.1 600 5] 41.6 2.61 4.6
5 1.6 685 R K 41.3 2.51 4.2
6 3.5 735 WK s Hh IR 43.1 2.59 4.5
7 5.8 615 5] 45.1 2.83 4.6
8 4.5 645 ¥y 44,7 2.54 4.5
9 4.8 630 ¥5] 40.3 2.34 4.0
10 4.4 665 5 42. 4 2.43 4.2
11 3.6 705 Bk 45.9 2.71 4.6
12 4.3 630 ¥ 45,0 2.58 4.0
13 4.6 650 5] 38.5 2.25 3.8
14 7.7 580 5] 41.3 2.55 4.3
15 5.3 650 ¥ 43.5 2.54 4.2
16 3.9 655 ¥4 42.2 2.25 4.0
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Fig. 3 Influence of various factors on indicators
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Table 6 Range analysis table

i iSES k1 k2 k3 k4 2

YRR C 43.6  44.1 43.3  41.9 2.2

BRI hiEE C 2.55 2.68 2.58 2.53 0.15
D 2.65 2.64 2.52 2.52 0.13
2% 254 2.62  2.57  2.60 0.08

Ui A C 4.27  4.32  4.45  4.30 0.18

SHY 4.25  4.35  4.33  4.41 0.16
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Tab.7 Conversion relation of mechanical property index
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Fig. 4 Relationship between splitting tensile strength,

flexural strength and compressive strength of concrete
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Fig. 5 Relationship between performance index of concrete

and freeze-thaw cycles
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Table 8 Damage model coefficient and R* of

compressive strength

NS Sewo a b X FRH R
NSCC 50.4  0.00006 0.0776  0.9983
RSCC 46.2  0.0001  0.1183  0.994 8
RSCC-32. 5R 47 0.0002  0.086 0.997 4
RSCC-42. 5R 48.7  0.00004 0.0916  0.9996
RSCC-52. 5R 47.6  0.0001  0.0934  0.996 0
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Fig. 6 Fitting curve of freeze-thaw damage of concrete
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Table 9 Damage model coefficient and R* of relative

dynamic elasticity modulus

WAF 5 ¢ d HREE R?
NSCC 0.9751 0. 002 6 0.976 5
RSCC 0.969 1 0.003 7 0.962 6

RSCC-32. 5R 0.968 4 0. 003 0.964 2
RSCC-42. 5R 0.968 1 0.002 8 0.949 7
RSCC-52. 5R 0.959 9 0. 003 4 0.959 3
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Fig. 7 Microstructure of concrete with 0 freeze-thaw cycles
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Fig. 8 Microstructure of concrete with 100 freeze-thaw cycles
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