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Abstract

The addition of steel fibers and basalt fibers to recycled concrete can enhance frost resistance and
sulfate attack resistance. The recycled concrete was prepared after ultrasonic cleaning of recycled
aggregate. The mass damage loss, relative dynamic elastic modulus loss and compressive strength
loss of the specimens were determined based on the freeze-thaw cycle-sulfate coupling test. The ef-
fects of steel fibers and basalt fibers on the performance of recycled aggregates were discussed, and
the stress-strain curves of the specimens were studied for 50, 100 and 150 freeze-thaw cycles. Based
on the fiber increase theory, the composite material effect is proposed, and the compression failure
mechanism of concrete is discussed in depth. The results show that the steel fiber and basalt fiber
mixed with recycled aggregate will decrease the slump of recycled concrete; when not affected by
freeze-thaw cycles, the compressive strength of steel fiber-basalt fiber recycled concrete is 13.27%
higher than that of the control group recycled concrete. After 150 freeze-thaw cycles, the strength loss
of SBFRCC-3 was 22.63%, and the strength loss of recycled concrete was 31.62%. The frost resistance
and sulfate corrosion resistance of SBFRCC-3 are better than ordinary recycled concrete after analysis
of the loss data of dynamic elastic modulus and compressive strength; the steel fiber plays a support-
ing role in recycled concrete. In addition, basalt fiber plays a role in preventing crack development.
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TR EAERRER AR - VR & 251 T IO AR RE -

2. B
2.1 8

AT B R Eh/KVE, P+ O42.5 Fl | SOk . 4% 1 RKIRFIR K A ERE s FRAE R
NHLEEL BRI 19 mm, & 2 g TR RHOMERE, AR R RN S IR S QR
AR RE) (GBT25177-2010); {4 FH 40 RLZIMTRY, WOKZ N 1.14%, ANBEERECH 2.81; HLF4ER1 2
TG SEARMERE WAL 3 R34, WK K E A 20% 1 RIR R = 88K 7 o

Table 1. Ordinary Portland cement and fly ash chemical composition (%)

® 1 BRI R IR E B 5 (%)

‘ e
&l :
SiO, Fe,0s A|203 CaO MgO SO; Na,O K,0 E)az/éi\% i%ﬁi%
K 21.58 3.36 5.62 61.31 2.32 241 0 0 0.54 2.86
FA 49.02 6.97 31.56 4.88 0.83 0 1.05 0.73 0 0
Table 2. The basic properties of aggregate
2. BRIERMRE
B2 FMHE (kglem?) HER 5 P (kglem?) 2 A MX
ISR 2640 1490 2.83
TR 2840 1730 0.55
AR 2630 1550 4.05
Table 3. The basic properties of steel fibers
Fz 3. NLTLHEEAR MR
K /mm HAE/mm JELRE /mm Bihr iR /MPa %5 1 (glem®)
37 1 5 400 7.83
Table 4. The basic properties of basalt fiber
4 TREFHEERMEEE
K /Imm EA%/pm i (g/em®) HPERL R /GPa P A3 FE /MPa
18 15 2.64 110 4800

2.2, BELHIE

2% 5 TR BN A ANRIG A R B E A, A BRI AAEN 100%. KH 7.5 kg/mP XA
LFAERIBE N 0.9%. 1.2%F1 1.5%HI4NLT4E . R 150 mm x 150 mm x 300 mm ) R~F, 5830 24 h J5
A, JNIRSE 21°C £1°C, B > 95%HIAREFRSFE I 28 do AR5 N PRSI Rl iR 47056
VB RME IR E 1M 6 ho
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Table 5. The mix ratio in recycled concrete

#F5 AL

W 7J<‘2}T'23 K \ E/)‘?s %?ﬁ%‘aﬂ ﬁiﬂa%s*ﬂr i)%k?‘fsu S BF \ *5%7)32
(kg/m*)  (kg/m*)  (kg/m°)  (kg/m’) (kg/m”) (kg/m?) (%) (kg/m’)  (kg/m’)

OAC 347.2 156 708 1061 0 2 0 0 86.8

RCC 347.2 156 708 0 1061 2 0 0 86.8

SBFRCC-1  347.2 156 708 0 1061 2 1.2 75 86.8

SBFRCC-2  347.2 156 708 0 1061 2 0.9 75 86.8

SBFRCC-3  347.2 156 708 0 1061 2 15 75 86.8

3. W&

AR PG, BT =AMR, TR GB/T 50082-2009 (@ TR &t K WP BE RN A 1 BE iR
IS RARUEY TRRERES, PUFTEAL. AHXS shof A NG TR s AR e ks, YR INET4E - Z A 4F
e TR IOPUAETERE . BB B SRK A5 K R ER A A TR A B 5 5 70 BN 5% Na,SO, i -
4, ER57E
41. BB TIE4RE

AT RZIEE A B R G TR RS, WMOEAT TIREE YRR RS, 4 RE 1 R,

ME 1 e LA, S5xtIEARE L OAC MHLL, k364 SBFRCC-2. SBFRCC-1 1 SBFRCC-3 ]}
VEPEE Ay BB T 11.11%. 17.04%F1 37.03%, 5 RCC AL, YL ZE LS. SEMT
BN L A A4 A TR E LIRS T A BRI E AT . sbah, 06 2H AR TR e L TR FE (B B AN 41
dESr BB I PR . RCC MIMHATE S OAC YHE S JL A%, 1E RCC I X iUA 4 g FI 4F 4E 1K 1
PP EE IR R A g & T A4 G SRR . SRR RE &, 3N TR R L PR . 455381,
SIRABLIF (RN Sy, AR AT 4 FH B 1A 0.9% LR .
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Figure 1. Workability of fresh concrete
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(1) 50 & (2) 100 ¥& (3) 150 &
(@)

(1) 50 & (2) 100 & (3) 150 &
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¥ . B a o

(2) 100 & (3) 150 &
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(d)
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O]
Figure 2. Concrete erodes appearance in freeze-thaw environment: (a) OAC; (b) RCC; (c) SBFRCC-2; (d) SBFRCC-1; (e)

SBFRCC-3
E 2. RETHEFARMIMETEMING: (@) OAC; (b) RCC; (c) SBFRCC-2; (d) SBFRCC-1; (e) SBFRCC-3
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PIEAT AR AR AR Dl L Aok B E, RIS TR L I8 BRI, IR R F R
KA Z, FERSE. K 2/ E 2(0)FR IR HARE AT 50 K. 100 A 150 WM
gL, W OAC F1 RCC AL, fE¥ME 50 VRi, OAC F T FLIH = AFLA I /T RCC (1R A & F
AEERLRTH I E G IHD R Z, AR PEREE B R 5 K Ve ZE B RS TS o Bl R R i B0 6 110 4k 48
BT, AR EIRE LIRS, SR R, AE 150 IRIKRMEFMREG S, OAC F1 RCC IR ZIR
B BEAR RS, RIS B BRI S22 AN . W K A A SRR AT 4 N B AR TR B L, 5 RCC
ShUAREL, SBFRCC-2. SBFRCC-1 #1 SBFRCC-3 iR &t LA IR A 7 B MIEE . MIRmEEIA
RIGHEAT F) 50 WK, N Z s 21 4 RN 2T 4 1) B A VR e R 3R 2 LI B>+ RCC W, 1
100 XA 150 iR, HAR A R4 T R 0 T S A 1 55

4.3. REHMK

3 Rk T XL OAC. RCC FIAIG AR (- 7E VR b E PR AR R b Rl A F R i R B e th 2. A
HRT AR, B IR A 2R B A R RIS R B 3G i 3G oK, RCC 1 T 4 ok 4k Ar T o 7, SBFRCC-3
ST R, M EFIFHKICA: RCC > OAC > SBFRCC-1 > SBFRCC-2 > SBFRCC-3, Rl f A= yR ikt +
)57 B A0 328 K T AR AT 4 RN 2 e £ 4 i T AR TR B - o VR R 86 BV RIS PR R 96 45 3, RCC. OAC
A1 SBFRCC-3 [f)Jii B MK 1.89% . 1.68%7F1 1.503%, 5745 0.9%F1 1.29% [KIAMET 4k 14 i B 451 25 i 2%
BEAKT RCC, JFiEMKMLL LI E/NT RCC FEMAmiZE, XU 7B RNAr 4 % Ros 4 4
TN A TR B - Be /N VR B AR AR R 3R Th S 8O R 40 2k . BE T A2 L, SBFRCC-3 #i
SBFRCC-2 XLt SBFRCC-1 1 OAC, fEVRREIIXEIAR] 125 YN, S1.5BFRC # SBFRCC-2 i &4t 2k U5
ZAILT SBFRCC-1 1 OAC, XEM] T —EKMT, WALEMX A AT ERZE, AT P E R
/IN. @it SBFRCC-2. SBFRCC-1. SBFRCC-3. RCC Al OAC I B vl LIS, fEVARIIEIL 25
U, AR R B HRAR AN, 2R AR O A AR AN &, SURRIIREOR B 50 YR, 5T AR R HT 2R T
LY E, WERE RNk, Bl SBFRCC-2. SBFRCC-1. SBFRCC-3 [ Jfi &2 /N RCC
1 OAC. FEAEMIEFRREGIEATE] 125 kI, SBFRCC-2 (it Eis/NT SBFRCC-1 MJRIK, £ ] RESE

2.25

—i— SBFRCC-2 —=@— SBFRC-1
b= SBFRCC-3 == OAC —@— RCC
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0.00 T T T T T T T T T T T T
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REREIA E (O
Figure 3. Mass loss of specimens
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SBFRCC-1 HIlfF N sBAN AT 4E R A 3R, A W RERANAT4ER X BOa AP e S R R A, AR
BN, ERIRE5 R, B 150 KRGS, SBFRCC-3 )i Bk iR/,

4.4, HEMEHMEEE

4 RN B RARATE R Al 0 o P2 AR R B st A B AR Ak . AT RT N, A Bl e P A 4
PEI A RIS, RIVRREIA REGER 2, AR (AR Shaf A SN, $ HA Bz k. 7241~ (150
DAY R BAE IR R S, i 25 R B B K I /2 RCC, SBFRCC-3 NIl 2545 i/, B RCC %
SEREE/NT SBFRCC-3. R4 & 4 il fF (R A T 2l 3 v A5 &t 26 AR A0 I, 3 <2 2 AR BN 93l D«
SBFRCC-3 > SBFRCC-2 > SBFRCC-1 > OAC > RCC, 4T 4 il Z i 41 4 (1)l A 75 5 A B8 sk 72 1
S SEEPR TR AL RCC Al OAC, FW T AMLT 4 £ s 41 4 G 1 o i A= VR B 1 s sz g, 38
TEVR B FE R I BR IR Eh Pt . (EVRALYIIA(50 YR1E3F), SBFRCC-3. SBFRCC-1. SBFRCC-2 F1 OAC i
XA R R AN K, M2 NP A, PRS2 VR RS A5 FR IR 3R 12 Th I RE FE LN, 40k
RRRECE R 75 YR, S AR B SRR I R 2 s, R R S B ZE(EDT R, R A
A R RS, MK B/ MK A SBFRCC-3 > SBFRCC-2 > OAC > SBFRCC-1> RCC, 4V Al R
S5, SBFRCC-3 FRIAHXS 23 455 Bl 2 T PR 22 fje /)y, Hoisg SBFRCC-2. SBFRCC-1 Al OAC, T
RCC [1AHXT Zh s A i T B id B e, B A6 45 S 10 Ji DR A2 A R b VA Ve AR 9 38, 57K 8 S
KA, AR LB Z G K. RN RIS T, R KR g, 32 1 M AR EE LN
AR, RS TR WIS UL T ARAR YA X A 5 O\ AR TR L AT DU R VR s L
WEREER) AR R, A ALEE M . T A T AR VR e L FL BRI LR %, R A 4E F A
TRk L AFGT 50 R P A R PR A A VR R A o R R P9 22 [17] [18] [19]

1 == SBFRCC-2 —@®— SBFRCC-1

80 1 —#— SBFRCC-3 —%—O0AC —4—RCC

T T T T T T T T T T T T

0 25 50 75 100 125 150
UREMIEPR IR

Figure 4. Relative dynamic elastic modulus of concrete specimen
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45. fmEBRETWL
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N: SBFRCC-3 > OAC > SBFRCC-2 > SBFRCC-1>RCC. 5 RCC Hi¥i/EsREM L, SBFRCC-3 Kt/ LR
N 62.3 MPa, 1§58 13.27%. A NA4EAN X A A4 R IR S T AR TR B L RCC, XK 14X
RN A AT R DD A VR T (BT SR, 0 AR VR - 1 RS B MR AR o B S5 2
BT URRMEIA SRR S iR AR50, PERRCEE FIIB L T, BURSREE MR/ IMK XK C: SBFRCC-3 >
OAC > SBFRCC-2 > SBFRCC-1 > RCC. % lIF4h % 1%m45 %, SBFRCC-3. SBFRCC-2. OAC. RCC [#j3#
FESR SR 253 7] 22.63%-30.19% . 31.62%, 31.82%, Houi FiE Hh 2k B8 2 /N B AKTCH : SBFRCC-3 > OAC >
SBFRCC-2 > SBFRCC-1. X Uil T 4NEF 4N & A 41 4 TRAS REIS N A= R IEE L TR R R8N 51
f{J351%%. il SBFRCC-3. SBFRCC-1. SBFRCC-2. OAC. RCC 3k ihZE il LIE i, 7E I (25
UAEIR), SRR U R A R, S RE )y, 54T 3 75 X, OAC. RCC. SBFRCC-2
(R 2 T A BE RO, SR T A R R 0 R B M K o B R RGP U8 I, ZEAE A 100 ¢ % 150 IR,
SBFRCC-2. OAC. RCC (15 i 2k T Beid 5 B &5 KT SBFRCC-3 F1 OAC, X B T iR R st
—DHIS. IR, SBFRCC-3 HTERER K, R T XACA LTI BA R btETERE .

5K 3. B4 s, BRREF4ERMA 4N EARE L, G8A U0 SR AR R EE RN
EREERY, WINLT 4 S E kL TR RG 45 SRR BN [20] [21] 0 HLF 4N N R A TR I /b, 44k
MIPHZ BN AN s, Bl 2T 4 S R n, $8n 7 4 SRS L IERZ MM E 1, 4G RR A
3G 7 B R R, SR T IREE L PR R

65
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35 -7t - r r r - r - 1t 1 1T - T
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YRR RE (O
Figure 5. Compressive strength changes of concrete specimens under

the coupling action of freeze-thaw sulfate
5. RRT R AMMERRBSER THRERETL

4.6. BERTHIEER T3

T W TR AE R R e e R, VRS L (0 B AR e A5 R A T AR, WON R AEIEFE 50 X
100 A 150 R AREEAT T St P 4 ik, P iae g kAT A B 5 13 3 T K 6.

Pl 6 #7117 5%k R AN 2H k1 7 5 R 0 A o PR VR - (O S AR 1 0 o ] 6(a) R AT 4, 7E 50 1K
VrEm R, R SRR #iE%, SBFRCC-3. RCC. OAC WA N MK IKIR/D T 6.42%. 7.82%.
8.91%. [ %56 (1 4k £ E/T 100 YKIE3R, SBFRCC-3. RCC. OAC &/ 5% 2114 ik F7 A7 2 6 i X EE. 12 1,
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R N Sk — 25 R, SEFFIRELE 150 kI, SBFRCC-3. RCC. OAC MUEAE N 153 Hlidi/b T
22.63%. 31.82%-. 31.57%, 41l& 6(c)Fi~. RINLE SRR, KA A AN A4 nT DLk 7 AR YR e 1)
VAR 140 256 15 6(a)~(c) Pl LAAITE, B RAR 2R BB & e Al , I B T Bk

&, U TIRBE LM R AE . AR 6(a) B RIAR A R DASITE,  WEEAE R ) A B A AR IR
N: SBFRCC-3—RCC—SBFRCC-2—»0AC—SBFRCC-1. & MLl 41 2 s £F ik A ) i 28 1 Bk
/NF OAC Ml RCC, XUt T 4F 4 & & SR M B EAAEE R R, 1ZIRIE 45 AL 6(0)FE 6(c)H 13
BT ENIE. FEAX MG R H AT B R AN AT 4R X A A4S N B AR TR B L P R BUE A, NS
PR, KNelA ARG PN WAE T RIS, WA4ea 8die 7 ARG LR SN, Kila4r
YR AR TR R R, P AP RS A AR VR PR R A .
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Figure 6. Stress-strain curve of concrete: (a) 50 freeze-thaw cycles; (b) 100 freeze-thaw cycles; (c) 150 freeze-thaw cycles
6. RERLTHINS] - NTHIZE: (a) 50 RFRRBEIMRLE; (b) 100 XARTEIRLE; (c) 150 RFRTEIFMALE

4.7. RBLTZETIAVIES T

f 4 SBFRCC HIFEA J12A MRk I0 45 I, SBF RS AR L sm AT, T2 B AE 100%1)
A REEL . DL RCA B Ry 100%. ANAF4ES 805108 0.9%. 1.2%. 1.5%F1 7.5 kg/m? ) A R EE Lt
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Fe TR - SRR SRR AT TR S, R T HPURTIRACRE Sl ss, Ron A RIHLEL.

F 7(2)~(c) R T TR /K YR FE L AT G B LI o RN LT 20 2 iU 21 40t 73 AR 7K e SRR R AT e A
TER 2 A=A B BB ANETYE - ZECA AR AR TR B AR ALY BUE G TN R EUR g
LB BB, ErE, XuCa A 4EREN L AT T AR B I, RIS AT YE - Xl
214k - KPR AT SRR T, BRA T AR CRSUN A SRANY . AR IR e+ 52 ) & IR T L 28—
TERGERT, DIMLTYE S R D, I RAE D AT AN ET 4K 2 Hh tH BRI e, ANZT4E I RE A fH i 0 JR 8
71, A4S LU e IMERUN AR . NS BT, M YERE AR IR 70 N A2
L YRR R ER BRI LA 3, TR A RS e rh, A R0 IR REE I R AN R A FERX A S T

Figure 7. Schematic diagram of concrete compression failure: (a) Steel fiber-basalt fiber bridging microcracks during har-
dening of recycled concrete; (b) Bridging cracks under cracking loads; (c) Steel fibers-basalt fibers go through cracks

7. RBTZEMIARERE: () BERBIBUEIEPNAE - ZHEFHEMEMELE; (b) FREH TR
RYE; (o) WAL - TRAAHETFIREE
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R YE - XA - ARG LRI RIFPITE. =B WIS ek, R TTE RS,
DR, BR T AAAESE RO IR T AR AN A, IEAF LT AR v B TR B LR o

5. &

TR B PR RO R A2 TR AR, e TN AR 4E - XA AR YR AR TR L R AR B
PPERL RIS RE, 198 T LT 4.

1) REFYERN 2 BA LR BRI T PR AR TR L0 AR RE, RIS id F A R T AH L, SBFRCC-3 A
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