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Mechanical Properties of Recycled Coarse Aggregate Concrete with
Pre-soaking in Lime Water and Carbonated Aggregates

ZHANG Chunsheng, LI Yajing, DING Yahong, WU Jun, NING Wei

(School of Civil Engineering, Henan Polytechnic University, Jiaozuo 454003, China)

Abstract: The recycled coarse aggregates were strengthened by pre-soaking lime water combined with accelerated
carbonation, the physical property of recycled coarse aggregates were tested. The effect of carbonated recycled coarse
aggregates on the mechanical properties of recycled concrete was investigated, and the strengthening mechanism of
carbonation was also analyzed by microscopic testing means. The strength changes of modified recycled concrete at
various ages were studied by cubic compressive, splitting tensile and flexural strength tests. The results show that
the physical properties of recycled coarse aggregates are significantly improved by pre-soaking lime water combined
with carbonation, with 15.2%-22.9% reduction in water absorption and 15.2%—17.7% reduction in crushing index;
the interfacial transition zone of recycled concrete is more compact after strengthening, which is beneficial to the quality
of recycled coarse aggregates; the strengths at 7, 28 d decrease with the increases of replacement rate ; the strength
of recycled concrete with coarse aggregates strengthened by pre-soaking in lime water and carbonation is comparable
to that of ordenary concrete with 50% replacement rate.
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) T P B8 5 R BT T 8 B 43 i) B = 22.8 %6 1 42.4%.
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Jii BT KL B (RCA) IR K R FEAIK 1.6 96 ~5.5%. 1
AR S5 R FH LR R AL R Ab BE RCA, & BUAR 1k RCA
1) 2% WL %% 5 R M B i 448 K 1.206 , IR K SR 3k /)
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g5 bR H AL TR R A A ik A Ik B RE A K
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FORMEREIE S b A it — 2P 58 % B Tk A
K FH R AR R A IR B I A2 A i Ak Ak BE RCAL X
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0N SRR (NA) NA FTRCA f4 9 3 4 g
1R .

&1 NATIRCA R IERE
Table 1 Physical properties of NA and RCA

RCA NA
Physical property 10— 10—
5—10 mm 5-10 mm
20 mm 20 mm
Water absorption i3 16 0.6 0.6
(by mass)/ % ‘ ‘ A 4
A tdensit
pparentdensity/ ) o 2 549 2703 2703
(kg*m )
Crushi alue(t
rushing value(by 18.6 15.8 10. 4 8.1

mass)/ %

1.2 RWIRE
1.2.1 FRAE R B R TR AL 2R

i RCA B FA& DB A A BOK IR E B
RV 24 h K E R L B & (224 2) C A X
60 %~70% A TE I TE VR AR b, 0 DR RE R B R A
K E BRI, 2 RCA B & K & (B 4050, X

b R O 3 B S B R 0 15 B A0 34 O BT 4 )
Bal i EE ) R 60 %60 ~70% B TRk A S8 A E
A1 A ARIE S K2 1 5 A KK IR R B RCA FK
3 X PR RCA RS S 7ETE K iR i 24 h, L
HR AR [ 5 A2 e e Y A
1.2.2 FRARLE R B fL R 1k

1 MRk A 15 £ = B APl A S 0y 28 AR
50 L, fie K 0] 7R 38 50 kg B kL OB Ak B S A9 R E T
S48 N HETT IR AL, COR 380k 99.9 %6 i b e
F1°09 0.3 MPa B AL 8] 24 h. B4k 5E 55 |, 18E R B
WS 100 (I RS /s R B R B AR LT R AR 4T R
O 58 kAL .

Regulator

CO, injecting pipe

Barometer

S P
P Bkl s s = I8
Fig.1 Schematic diagram of carbonization equipment
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1.3.1 YRR
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E AT I
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2.1 BRUBEBEMEB R
2.1.1 Yy FERE

(DX RCA W KRR BALRT G RCA
[ 7K S T 2 s . R 2 0] D R Ak B ) A
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JiE BE A A AN T A R R 4 TH A 3R L BR
FNZLEE | i B0 285 52, AT B AT I 7K 6

5.00
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460 - [310-20

4.40
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Fig.2 Water absorption of RCA before and after carbonation

Water absorption(by mass)/%

(2) B XT RCA (AR B Akl 5 RCA
B FE WA An P 3 TR L fr Il 3 PTAL - 5 U-RCA A Eb
Hi4% R 5~10.10~20 mm ) C-RCA B {E 5 51 B AR
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5 LufE W5 45 R — 30 Xuan 55 R R L Ak S
A AR A N e N (A o S TR
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B T T Z "R R I 280 i b 22 L 1 2 i SRk AL I
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Fig.3 Crushing value of RCA before and after carbonation

(3) fie A X RCA 2% W %5 B /5% ) i Ak i J5
RCA R BN 4 Fos . HE 4 A L. 5 U-RCA
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P4 B R I B AL IR, RCA il 26 U85 B 41 1
RN X BT ik AR RKCRR B 5 O TR R 4 3 i
W R A e Ak R 7 AR Y CaC O, IR JiE 5 ik 16 =
WAtk 7 RCA BB, — & F B BB 1 7K 43 il
CO,MFHRHNIMB B Wi, 5k £ZNK CaCO, &
I N, TN R B CaCO, & R FEAR R
2.1.2  BOWPERE

(1) oW 2H 43 5 M ERALHT JF RCA Y oW 21
Sy 78 Ak . B S5 (a) AT B AL T RCA H 8 5 19 25 i
AHAT BT 1 7K P KA P2 ) Ca(OH),, fH Ca(OH) , fiF
SRR A AR, Wl W T e A 0 B e /b XS iR S
TE 5% R 3 M A B ) i B A OG , F— 2B B0 1 A 4%
TR b BV R AR S L 24 20 8 29.6°1F, C-RCA Fll
LC-RCA 1§ CaCO, 117 5 W 5i B2 88 /i, Hovp ,LC-RCA
1) CaCO, A7 5 W 38 & =5 T C-RCA. i1 8l 5(b) W] %11,
LC-RCA i CaCO, iz & #1 2k % & T C-RCA. MR 45 X
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Fig. 5 Change in micro-component of RCA before and after carbonation

(1) .(2)%FER AL G RCA ) CO,M IR (B) Fil CaCO, Ji
TG (o ) AT HEAPHT, S5 AN 3R 2 R . i
F 20l M, LC-RCA ) 8 Fll me,co. ¥ 15 T C-RCA, 5
XRD 25 5 —F0 . 3% 46 B R A K K i Ak BE 0% 42
RCA Ak b2 B, B £ 25 B4 AF B HE % 25 1 R A
FAECAFLER R, DT RCA B 4% 552

p=— T 100% (1)

Wiso — (Wss0 — Waoo )

s w0 wsso Al weo 73 A1 AR AE 150,550,800 °C
I A4 J5 2 53 4

w(CO,)
M (CO,)
K w(CO,) MRS TE 500~800 “CF Ay it i Jot 1 43
M (CO,)FIM (CaCO,) 439 CO,F CaCO, A
XF o B

(2) OWIES AL ET S RCA 5 Bk 2580 3% [a]
ITZ R KA 9y B SO IE 35 an 1] 6 BT 7 . Fi 181 6 7] A
U-RCA M85 M sk (1 6(a)) , X Je i T 7 il i
b B epOT ORI AT 22 KRR o AE E RN R A

M(Cacog) (2)

Mcaco, —

#*2 BALERCAH CO,BRYEF CaCO,RERKE
Table 2 CO, absorption rate and CaCO, mass loss rate of
RCA after carbonation

Type of RCA B/% Meaco,/ Vo
C-RCA 26.37 47.10
LC-RCA 28.96 50. 75

HAW B, FECE R L C-RCA 19 2480 58 1 I
ARSI A A Y — 4y CaC O, Bt 3 I 18 75 76 4% B N
(K 6(b)), &3 7R A LC-RCA 5IHE
FORGZEAR BN & % (B 6(c) ), UL B A A 14 3 T 15kt
5P I R A R Ao B B T A5 M R B PR S RCA
(1 1TZ v s ALK A6 7= ) 6246 R R 1 Ca(OH),(CH)
FEERR 5L A (AFO (BT 6(d)) , 3X 287K 10 4 52
S B0 A R R A 25 R A R A Y R A
C-RCA M ITZ Hhal gL 2 57 7 R TR 1 CaCO, =)
(K 6(e)), XLt X HEFA CaCO, TR AL G B BT
Tl T 41 2 R FIOUR 235 4 08 11 A
22 S1EtEsE
221 SETRBTR SR EE

T A TR B 4 ST 5 PR TR 5 Bl RCA BUIR R |
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Fig. 6 Change of ITZ and hydration products of RCA before and after carbonation
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C-RAC ¥ 58 B #2755 15.2 % ~18.9% ,LC-RAC (1)
PUE R X C-RACH 5 7.2%~7.60. 1 ik
8T, SRR 3 O 28 d I B A Ak B P A R A
AL R 3 B B2 T I BE AR T 7 L ik 2 I OR R E S RCA
R W 7K 8 FAL B AR A, ) 25 TR b IR RH I 1 7K
SR N FRAE AL ES S BOK e 56 T Y K Ak
VE AR , TR BE i 0580 3 4 T s AR
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40t
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P 7 A TR EE A ST )y BT R R B RCA B 38 Bl Ak A 3 0 R 5 470 1% 9 14 725 Ak

Fig.7 Change of cube compressive strength of recycled conerete with RAC substitution rate,

carbonation treatment method and curing age
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Fig. 8 Change of splitting tensile strength of recycled concrete with RCA substitution rate,

carbonation treatment method and curing age
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Fig. 9 Change of flexural strength of recycled concrete with RCA substitution rate,

carbonation treatment method and curing age
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AR CH % i S AL B 3 10 1 o 25 B A B )
SER I B S R AR N R, CO, 5 KR I K AL 7= 4
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JE A A5 B AR Ak B S B9 RCA W) BV BE S 242 T
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Jei T SRR B Ak 7= ) S 43 2 43 A 1, CaC O, R #E —
B I FALBR b, I8 B I BU% RO 4
Ca(OH),+CO,——>CaCO,+H,0 (3)
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FH UL AT UL B AR R 8 AT RUHR FH RAC 1Y 1541k g
RAC iy CH JZ [ R 25 8 559 & kA2 52 JTRER ) E AR
U8, WA RN I, CH e Ak R $0Ra E PE edig 1) TE ALl
Rtk ) T R A RO A R T T RAC 1Y%
B s R, C.S T C.S &k fRER K e i ) 28
53 AR C,S BA B /K AT M, LR 5 CO,L R b

Lime water

(b) Pre-soaking

Oens N\ AFt J sitica gel;

F10 TR AT IR KRR AL 1 5 AL B R B

Fig. 10 Schematic diagram of mechanism of pre-soaking in lime water and carbonation
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