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Abstract: An efficient utilization method of recycled construction waste , and a method for preparing ecological

ultra-high performance concrete were proposed. First, based on the improved particle packing model MAA

model , carbonized recycled coarse aggregate ultra-high performance concrete ( CRCA-UHPC ) with a maximum

particle size of 4.75 mm was developed. Then, the effect of the introduction of CRCA on the macroscopic

properties as well as the nano-microstructure of UHPC was evaluated. The results show that by the introduction

of CRCA into UHPC, the mechanical properties and durability of UHPC are improved , the autogenous

shrinkage of UHPC is reduced , and the interface transition zone (ITZ) between the aggregate and the matrix

1s optimized.
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Tablel Chemical compositions of cementitious materials
w/%
Material CaO Sio, ALO, Fe,O, MgO Na,O P,O; SO, K,O 1L
C 64.930 19. 200 4.180 3.320 1.610 0.090 0.090 3.350 0. 780 2.450
SF 0. 360 94. 650 0. 250 0.150 0.470 0.130 0.170 0.690 0. 840 2.290
LP 54.060 0.191 0.083 0.088 2.891 0.012 0.020 42.620
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Fig.1 Processing flow chart of CRCA
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(b) After carbonization

(a) Before carbonization
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Fig. 2 Microscopic morphology of RCA before and after carbonization
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Fig. 3 EDS analysis of RCA before and after carbonization
%2 UHPCHIEAL
Table 2 Mix proportions of UHPC
kg/m’
NA
Type of UHPC C SF LP RCA  CRCA  Water SP
0-0.60 mm 0.60-1.25mm 1.25-2.36 mm 2.36—4.75mm

NA-UHPC 721 168 103 145 324 83 554 0 0 170 35
RCA-UHPC 721 168 103 145 324 83 0 554 0 170 35
CRCA-UHPC 721 168 103 145 324 83 0 0 554 170 35

D7 LB AE) X UHPC Wi A Pk A7 040 RRE [ 1k
iFE] S 128 d.

(5)UHPC By M 454 R QUANTA FEG
450 43 1 UHPC 14 SO0 25 44, 38 159 49 1 L 7 12 1%
B (SEM) M R . it — 25 #F 55 CRCA X UHPC 1
Ak RN A (] BT 9 52 e, 6 R HE AT 40 K R R
HUREW

2 KBERSHH

2.1 HEERHERMERE

SFHLE B A BE AN SR 3 B . 3R 3 AT L
LA IS  RCA WK F Hy 6.95% R % 4.05%,
M 26 W% B 1 2.54 g/em’$ % 2.59 g/cm’, 5 NA A
ol X AT RE UH T8 AR B CaC O, 78 N e fi b i 72

PULEEAE RCA R A FLER A 2E4E b fifk T RCA %
BRI &
®3 SHEBRHEAELE

Table 3 Basic properties of three kinds of coarse aggregate

Basic property NA RCA CRCA
Water absorption(by mass)/%  4.40 6.95 4.05
Apparent density/(g-cm ™ *) 2.56 2.54 2.59

22 HMERE

B 4 R T A EPRLE RS UHPC it 58 A9 52
. i AT DUE 1, 5 NA-UHPC A1 , RCA-UHPC
FICRCA-UHPC [y 3 d it He 5 B 43 il 32 5 1 2.7 %6 Al
5.0%,7 d bt o B 43l B s 1 3.3 % F16.5%,28 d9it
JEBEFE /3 BIHRE T 3.8% M 9.1%. teah, E 4 )i 24
B n , RCA-UHPC ) ¥t JE 58 B {8 9% h L
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Fig.4 Effect of different coarse aggregates on

compressive strength of UHPC
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Fig. 5 Effect of CRCA and RCA on autogenous
shrinkage of UHPC
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Fig. 6 Effect of different coarse aggregates on
durability of UHPC
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" Unhydrated
-7 cement

(c) CRCA

7 3 UHPCH SEM-BSE R K
Fig.7 SEM-BSE images of three kinds of UHPC
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Fig.8 Effect of CRCA and RCA on hardness of
interface transition zone(I1TZ) of UHPC

HE A 35 3% K U8 19 7K Ak, 18 T TH 0 5 5 58 b 9% 1l
ITZ 8 °F 2 8 ™ CRCA 1Y 7 ¥ 88 5 2 55 1
29% , KRSi/N T IHRP K 5 UHPC He A iy i i 2255
BT e A

3 #ig

(1) % H KL 42 M 2.36~4.75 mm # CRCA 1L
NA il & 7 UHPC. i@ i fff H MAA B &L, 7] ff 4iF
CRCA-UHPC 2% i HEFR S

(2)H% T3 B4, CRCA-UHPC fH7T T o S 12
75 9.1%, 3155 122.66 MPa; CRCA-UHPC Ay 471 5 B
FiERRE 145 65%.

(3)RCA & flkAL AL R 5 , 2l T Ml & 7 RCA I
B RDIE 1 2f e TS T CRCA 534K H] 1T Z 1Y F
PIRg 90 T CRCA X UHPC {0 45 44 7= A i BH
0 TS

S E UMk

[ 1] RS WREE R, o ¥, 55 R A A 19 50 P2 R B oML
PrH I PERELT ] A BUR R 224, 2022, 25(10) : 1027-1033.
ZHANG Jiaguang, CHEN Jingqi, MENG Qingling, et al. Mixed
bacteria mineralization to enhance physical and mechanical
properties of recycled concrete coarse aggregate [J].Journal of
Building Materials, 2022, 25(10) : 1027-1033.(in Chinese)

[2] WANG X, YU R, SHUI Z, et al. Optimized treatment of
recycled construction and demolition waste in developing
sustainable ultra-high performance concrete[J]. Journal of Cleaner
Production. 2019;221:805-16.

[ 3] BRSFIF,XUPE B M, 55 . 1 30 TORE X0 TR A i BB /K TR B L
MBICHEVE I LT/OL ], 250k Bl 2% 4R [ 2022-05-15 ] https : //kns.
cnki.net/kems/detail/31.1764.TU.20220117.1101.008. html.
CHEN Shoukai, LIU Yang, ZHAO Yunpeng, et al.
Modification effect of waste glass particles on recycled aggregate
pervious concrete[ J].Journal of Building Materials[ 2022-05-15].
https: //kns.cnki.net/kems/detail/31.1764.TU.20220117.1101.
008.html.(in Chinese)

[4] COELHO A, BRITO J D. Economic viability analysis of a
construction and demolition waste recycling plant in Portugal-part
1: Location, materials, technology and economic analysis[J].
Journal of Cleaner Production, 2013,39(5):338-52..

[ 5] BEHERA M, BHATTACHARYYA S K, MINOCHA A K,
et al. Recycled aggregate from C&D waste &. its use in
concrete-A breakthrough towards sustainability in construction
sector: A review[ J]. Construction and Building Materials , 2014,
68(15) :501-516.

[ 6] XUAN D, ZHAN B, POON C S. Assessment of mechanical
properties of concrete incorporating carbonated recycled concrete
aggregates[J]. Cement and Concrete Composites, 2016, 65:
67-74.

[ 7] FAND, YUR, FUS, et al. Precise design and characteristics

prediction of ultra-high performance concrete (UHPC) based on

(T#%1218T)



