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Abstract

The effects of two Kkinds of recycled coarse aggregate replacement rates (80% and 100%) and
three fly ash additions (0%, 15% and 30%) on the compressive strength and frost resistance to
recycled concrete were researched and tested its compressive strength and mass loss rate. Simul-
taneously, the microstructure of the recycled concrete was tested by XRD. The results indicated
that: 1) The compressive strength of recycled concrete showed a trend of increasing first and then
decreasing with the raise of fly ash amount. When the fly ash content was 15% and the recycled
coarse aggregate replacement rate was 80%, the 28-day compressive strength of specimens high-
est. 2) After 75 freeze-thaw cycles, the mass loss rate of all specimens was less than 5%. When the
fly ash amount and the recycled coarse aggregate substitution rate were 15% and 100%, the mass
loss rate of specimens was the lowest. 3) The increase in recycled coarse aggregate resulted in a
raise in the internal structural defects of recycled concrete, and an appropriate amount of fly ash
can effectively improve these defects.
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1. 5l

R M) LTHER, BEFE AT ARG K RZ#ie m, & Mo 2 sy i m f5 &
FipohmiL, XS TR ASRAERRER . [, IHEANIRESOE AR T KENER
B3, T3 G S S0y 3 3 3 SR R R R M S e AL T, 3 R T ™ (IR B T Y R SRR 2, At
SR EIH R TAR KK /1[1] [2] [3] [4]. KR FER G LR mime . 3506 I )e, 1%E—e ik
BT BCE L, F AR 23 B304 3 AR IR SR R i) 1T s 11 TS 45 - B O 3 A B LR € 1= (Recycled aggregate
concrete, RAC) [5], A TREE L HAR RO K 5HE BERE G H i WAL ARSI EE, XREZ M RN R
HEEZWE DT, 534, BEE BT AR R, FE R B HR R B g, 2 30 257 E 2
TRk Z — o BRI BRI, i IR EE - 0 5 & BRI KR, AMLRETTLI A, kb 2k
PRI P P BTG e, 30 R oA TR e L R AR R . DRI AT L, R VR e RO BRE AR ) 9 BA
AR B R AL 2 AR L PRI AR B RN 2R AU, A AR sl Ry SR Tl R IR SR ) R0& 42 [6] [7]
[81[9] [10]-

T AR R R K M v, SR AR AR A [11] [12] [13]5: B AL R AR AR — Le MR RE b BRI,
AR 22 2738 50 B A0 P A VR gt ) G AR L EAT T AHSCHT 7S . Sumer M [L418F 52 R I, K I K g %
Pem ARG L PUER R . ERESIMIN A KR, AR S PR SRR A W KB 2 1
BN B e 38 R BEARIE S, IF BB I5 8 15010 5T s 5 2 7A 2% K . Rafat Siddique 1 Nonavinakere
[16] [L7]@ BRI, 50k B 1 P AR VR e - R s B ARG, (R 5 R A BRI T . 3
SE 18] IR Z T 43 A7 1 P AR VR e (0 SR 454, R IR K R A A0t S 78 73 A VR sk e ) LR A 2R
4%, MeEHYRMERE S, AR, B XIS E R, T AR TR B U 5 A K 35 8
0T RD o

il
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AR RN B A 6 A VR G L BT TR RE ML M ANTE 2, — M5, BEE A R

Bahn, FEAEVREEL PUATEAS 2£[20]. SRTT Kolay P K Z5[21 (R R 2025 0, PR TR (R BT VR 1k RE AR,
A Hansen [22)A1 Li X [23]1/iR50 45 KRB, FXTT J1240ERE, FARME R AR EE L4

URYERE RS2 BE R . U AR A5 [24 18 W BG  78 R B, AR B BHB &N 50%IRFELE 75 IR RGN 5
FIR R G B . ASCEI R, WFFC T AN A5 5 0 AR B R AR SRR ) AR YR - B e 5 A
VRVERERISEIR, DA 35K AR () P A VR 7 92 bR TR A 8T S FH 4 AR 4
21 FAHH

Kie: THIFELR 32,5 P IERERR Eh /K YR s KARFLE K LA 5~10 mm K@ AT, KIRGNE K}
g 0.16~4.75 mm [P R SRS s AR E R B R 3 TR 1 S S e WL 8 5 07 0 BT A, RA% N 5~10
mm; BHER: TEXFEE R ER AT A N K oK) ZEREMEK K SEiGE E
KoKo BRI E B REFR PR WAL 1 K 2,

Table 1. Physical characteristics of natural aggregate

1 RARBRHEEERE
R EEMEREEkgmM® O MEOEREEkem®  RWEE/MPa FEENREE/MPa RS TROKE%
WA 1392 1263 2563 6.46 2.72 126

KRS 1540 1455 2527 5.23 — 1.42

Table 2. Physical characteristics of recycled aggregate
2. BEERIE

LEREVEES R [kgm® A [kg-m 3 FIRE% T4 IR 58 /MPa % K #/%
FRAEAHE R 1345 2582 0.30 5.28 6.62

2.2. BE&ELgit

AL AN E RHUCR A K S o B e LT 6 Mt AL, TiH|&#ihsRE A C20 A
TR, Horh A A R 80% A1 100%; FrikiBE N 0%, 15%F11 30%. FeEEAH Rl & 15 2
N 450 kg/m®, JKEZEE N 0.4, BPEA 34%. ELAKEL A EE L EE 3.

Table 3. Mix proportions of recycled concrete (kg'm )

%3 BERRTRA (Kkem D)

G5 KU B FRAHLE R A FARTRY FKE
RAL00FAQ 450 0 1201 0 619 180
RABOFAQ 450 0 961 240 619 180
RAL00FA15 382 68 1201 0 619 180
RABOFAL5 382 68 961 240 619 180
RAL00FA30 315 136 1201 0 619 180
RABOFA30 315 136 961 240 619 180

E: RA” ACRFAME IR, “FA” ACRBHKSE, H0 “RAL00FA0” AR A BRIy 100%, #HERIBEN 0%.
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2.3.1. ERE R

FAE VR P s IR (R e 1 ) 2= M RE ARG AR ) (GB/T 50081-2002), E#AE ik
PEFE T B RRIS S HIE TR, 3 100 x 100 x 100 mm ST 7R, &F4H 3 B, 7EARAEFRI A%
NFEY 28 RIGHUH, SRS TERMUAIIR 1 BE LA T B e 5 B 358, InFE & 0.3~0.5 MPals, i ik
IR (1) i Anr - G b 4 A3 B 00 25

2.3.2. PUAMRERIE

ARG PRI S I G R EE - I R AN A1 B8 158 7 AR iE) (GBIT 50082-2009)i3
17, RHPOE GRS RN 100 x 100 x 400 mm [FIBEAAARRLE, &4 3 B, BEHET 25 IR RBEIE IR 5 )
BOAF RN T, ARG A B8R R S REME R B R R MR AT b . MR ESVRR T
5% 5, BIAAIRME Bk A BB R [25]
3. WBEREH
3.1 MEEE

WIS o FE A TR AL AN RS MU S8 B s an ] 1 B . MBI BLE Y, RBIME IR 1A
B 7 & E ) 5, RASOFAO A1 RAL100FAOQ 1Y) 7 KItE58fE A 25.1 MPa il 23.5 MPa, =TT A5
TR R EREE; R IKIBEN 30%8, RAFRIPTERRESCH 12.1 Mpa 1 14.3 Mpa. RA8S0OFAL5 Fl
RA100FA15 i) 28 RPtIEam 43 HliAE] T 31.7 MPa #1 30.1 MPa, =T RSB K R . XA AR,
B, MR PR N KR, EREIE T IREE L N FLBR AN SE, OGE T AR TR B L ECE M, Saha
A K [26]/RFFUAF H T AL 4518 . LIk, BB FRI R A, R PR BT A F IR e ok, Bt 5
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Figure 1. Effect of fly ash on compressive strength of recycled concrete at different curing ages
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IRV R A KN IR IRBE, A2 T C-S-HZK AR B B IR) S50, 41 ey 17 P A VR vk o S i [XC 1)
TSNk, B AR AR TR T (KT I 5 AT T HE o

HA2, JERTRI I A A RS BT, KRS ROy 30%iR 1 P E 3 R T B BN
15% R X2 BB NS £ 1k K S B0 R K e & B, AR T gk E S AL s
R, AT 7RI LIRS SE B BEAT o BRI, Ry AR RSB T 1A i P Tk A el T /K e el =
B BREEPRAR, A R T B ARG R PR . IR R, A EHE BN 80%H1 100% 1)1
Bt U F R L RENS A BIRREZER  E — 52 VI DY, A2 TR Uk O 70 s 0 RE TR J5E A 5 PO 189 T 56 48 i k5
Ry AR5 B A AR R ORI 3243 7 159 80%KN, 14 1) 28 AT HE 3 BE 3t v

3.2. AR IERE

REHRKE

R EAR KBRS RGBSR R 2 s, MWEIRTRUE H, 75 IRVERMEIR G, BT A a4
KRR L/NT 5%. RABOFA30 I BT Sk i, v 3.5%: RAL00FAL5 (K, 4 0.4%. JLitk
BB R, FARE RSB R 100% 00015 S 47k 2 A B 5 80% MK . [ K ] B2 AR TR
L N EAAE R 2 LR AN 2RSS, B IAERRE PR A R RIS T R 1K 73, ATITHEIE 1 A 3% T Vi st
HRITE PTG R R RS . TSN, M T RIS E N, BEKE RN 15%0 R 1 5T R R R,
MRS 8N 30% IR AR R i . IR SE R, 15% Wk B At B A VR g = (1 LR 1
A MSCEER: FARE RS 100%0 AR 10 5T S5 R A BUE, EE—TRE LRZH
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Figure 2. Relationship between mass loss rate and number of freeze-thaw cycles
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3.3. XRD

FAE VR L AKAG =) B AP SRS o L RE A AR DR R, A SO P AR VR B LA AT T X S AT I
B, AT 3 pros, Ho C A3 CaCO;, Q 403K Si0,, P fR# Ca(OH),, A f# C-S-H, E U34S
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Figure 3. XRD image of recycled concrete
B 3. BHERE LM XRD

MATSEIAT LA i, RAL00FAQ BRERES AOAT S W AE LB UE v, = RN KRR A A RS
B ALIR ARG 22, S 2 A AR AT 20 T BRAL SN IR 22 o T 5 AR PR AR
BRER PG AT VAR AR AR, i DAL A B AR R R b e K L LA S 7 A R BRSO R7E 1 X e LI A
P5%, fE—EREE LAE] T R B R A . RAL0OFALS [¥] C-S-H HAT i fiT S aAl, ROARY A 7E 274
JE e BB 5K IR RN TE I C-S-H B, X thfife 1 FA1S RANRM 28 RumFEE = IR .
ME ()T LA i, RAL00FAS3O ) SiO, fiT S i e fie e, 322 e - 18 (@) A (b)), 110 H B 5T AORT S IR ARG
K SiO, ARy AR £ B 7> 2 —,  IX AR B B FROR AR 25 40 i A TR /KA S SRR EAT S AT
Bom FEAN ANE FER.
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2 80%H, A 28 R AT 58 e =1

2) 43t 75 REGERMEIN S, BT R R E IR R ENT 5%, A BiEbRE. 15%1 K BE A &k
O AR EE LB ERE, IR, FRARTREE T IO PUR M RER. 45 A R B R SRR St A A e
T SR

3) FAIREE L) XRD EERW, FAME RS RO 5 EE A TR 4 M BB 2 10 3=
B R, E  R K B Akt P A TR 1) ST O I X A5 A
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FERPIRERE AR M AR L, I BB RN 15% AR AR A TR - PR SR R B M RE AR —
G (P

SEEk

[1] Hansen, T.C. (1986) Recycled Aggregates and Recycled Aggregate Concrete Second State-of-the-Art Report Devel-
opments 1945-1985. Materials and Structures, 19, 201-246. https://doi.org/10.1007/BF02472036

[21 RN, R, WHE PR R T S N MEA ). RS, 2017(11): 54-57.

[8] ¥/ PRFEIREE L AR R T F R[] @A T &, 2013, 40(5): 88-90

[4] FZES, Sz, S84, & AT ENRE T HAR R AT AR &, 2008, 30(12): 75-76.

[6] HEE. HAREEEIM] Jbnt: o E @R Tk Rk, 2008.

[6] EZE5w, BREM, B FEARREE L IR A TERER R[] &L, 2007(5): 53-56

[71 JEHE, B g mARE LR HERe 5 e B[] (L7, 2004, 30(22): 83-84

[8] ER. GEIRELMAKRSFMAN]. Fhgif, 2004, 21(4): 80-82

[91 &, =, TFRF M FAREE L E RS R R IIER[]]. T AMEST, 2004(2): 197-199.

[10] AR, Jeubte, FR. 2e-T0KA 8RR S BR-AK-ToK A8 RGN K] R HER, 2009,
28(3): 558-562.

[11] Z&E, 52/ F, BIER % RELHR MR € 2% T[], &L, 2000(9): 61-65.

[12] Tabsh, S.W. and Abdelfatah, A.S. (2009) Influence of Recycled Concrete Aggregates on Strength Properties of Con-
crete. Construction & Building Materials, 23, 1163-1167. https://doi.org/10.1016/j.conbuildmat.2008.06.007

[13] Limbachiya, M.C., Leelawat, T. and Dhir, R.K. (2000) Use of Recycled Concrete Aggregate in High-Strength Con-
crete. Materials and Structures, 33, 574-580. https://doi.org/10.1007/BF02480538

[14] Sumer, M. (2012) Compressive Strength and Sulfate Resistance Properties of Concretes Containing Class F and Class
C Fly Ashes. Construction & Building Materials, 34, 531-536. https://doi.org/10.1016/j.conbuildmat.2012.02.023

[15] E/RiE, kA, H3. MEKISEN B ARG L ) BRI BTR M M A []. REER FhIE R, 2017, 36(11):
3778-3783+3809.

[16] Siddique, R. (2004) Performance Characteristics of High-Volume Class F Fly Ash Concrete. Cement & Concrete Re-
search, 34, 487-493. https://doi.org/10.1016/j.cemconres.2003.09.002

[17] Nonavinakere, S. and Reed, B.E. (1995) Fly Ash Enhanced Metal Removal Process. In: Sengupta, A.K., Ed., Hazard-
ous and Industrial Wastes, Proceedings of the 27th Mid-Atlantic Industrial Waste Conference, Technomart Publishing,
Sydney, 588-594.

[18] #HEE, Aul, ARHHEH. FEARIRE T 1SRRG ], 1E /R iE Tk K244, 2009, 41(4): 33-36.

DOI: 10.12677/hjce.2019.87131 1131 T AT


https://doi.org/10.12677/hjce.2019.87131
https://doi.org/10.1007/BF02472036
https://doi.org/10.1016/j.conbuildmat.2008.06.007
https://doi.org/10.1007/BF02480538
https://doi.org/10.1016/j.conbuildmat.2012.02.023
https://doi.org/10.1016/j.cemconres.2003.09.002

&

[19]
[20]
[21]

[22]
[23]

[24]
[25]
[26]

BT, ARG A R OIS 23 [D]: [t 2 Ar i 3], BUM: T ol K2, 2015.

EH, KPR FARELHURMERT R D] REEL, 2013(4): 15-19.

Kolay, P.K., Sulaiman, S., Kumar, S., et al. (2017) Freeze-Thaw Durability of Air-Entrained Concrete Incorporating
Natural and Recycled Concrete Aggregate Mixtures. In: International Congress and Exhibition Sustainable Civil In-

frastructures: Innovative Infrastructure Geotechnology, Springer, Cham, 185-196.
https://doi.org/10.1007/978-3-319-61633-9_11

Hansen, T.C. and Narud, H. (1983) Strength of Recycled Concrete Made from Crushed Concrete Coarse Aggregate.
Concrete International, 5, 79-83.

Li, X. (2008) Recycling and Reuse of Waste Concrete in China: Part I. Material Behaviour of Recycled Aggregate
Concrete. Resources, Conservation and Recycling, 53, 36-44. https://doi.org/10.1016/j.resconrec.2008.09.006

W, RPLE LT HUA TR B AR R B ARG 7C[0]. BS54, 2016, 46(2): 35-38.
I, dLEECe, HHFLE. AR LRI RIS ], @5 k244, 2007, 10(5): 534-537.

Saha, A.K. and Sarker, P.K. (2017) Sustainable Use of Ferronickel Slag Fine Aggregate and Fly Ash in Structural
Concrete: Mechanical Properties and Leaching Study. Journal of Cleaner Production, 162, 438-448.
https://doi.org/10.1016/j.jclepro.2017.06.035

DOI: 10.12677/hjce.2019.87131 1132 T AT


https://doi.org/10.12677/hjce.2019.87131
https://doi.org/10.1007/978-3-319-61633-9_11
https://doi.org/10.1016/j.resconrec.2008.09.006
https://doi.org/10.1016/j.jclepro.2017.06.035

	Research on the Influence of Amount of Fly Ash and Recycled Coarse Aggregate to the Performance of Recycled Concrete
	Abstract
	Keywords
	粉煤灰和再生粗骨料掺量对再生混凝土性能的影响研究
	摘  要
	关键词
	1. 引言
	2. 试验概况
	2.1. 原材料
	2.2. 配合比设计
	2.3. 试验方法
	2.3.1. 抗压强度试验
	2.3.2. 抗冻性能试验


	3. 试验结果与分析
	3.1. 抗压强度
	3.2. 抗冻性能
	质量损失率

	3.3. XRD

	4. 结论
	参考文献

