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Abstract

Considering the inherent defects such as low strength of recycled aggregate concrete (RAC), fiber
incorporation can be adopted to modify its mechanical properties. To investigate the improvement
effect of fibers on RAC performance, this study selected polypropylene fibers with low elastic mod-
ulus and high-elastic-modulus steel fibers, which were mixed into RAC in a hybrid form. The
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influence of fiber hybridization on the cubic compressive strength, splitting tensile strength, and
flexural and axial compressive strength of RAC was analyzed. The results show that the incorpora-
tion of steel fibers and polypropylene fibers can enhance the cubic compressive strength, splitting
tensile strength, and flexural and axial compressive strength of RAC. Compared with single polypro-
pylene fiber, the hybrid incorporation of steel fibers and polypropylene fibers yields a better im-
provement effect on RAC. Within the scope of the test, when the steel fiber volume fraction is 0.1%
and the polypropylene fiber volume fraction is 1.0%, the hybrid fibers exhibit a superior reinforce-
ment effect on the performance of RAC.
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FEIRBEAL ARV 7K SOd 2 e IR A, A SR04 SR i A B R, o 2 T ke F) i 77 A K R SR 3
X BT E IS R BRI OCOIR PR . BT, RE SRR IE ST, SRR
RIFRRI GRS Ak 2, BRI IR — L G PRGBS O ORI A . SRR, 2R 5
PRI BIRAG S B R IFIR AT 7L, I AR 2 3, 1R T AR B S, FAEREEL
(Recycled Aggregate Concrete, LR {iE#F% RAC)HIWIFL, RAC ¥R F ARG L2 Al I, 50k,
AN AR B R, ARG 23 B A AR R A B AT R AN TR [ 1] (H T P AR VR LA
TSR . R SR — kIR R . KB AL 4E 5 L b 25 ki S5 35 7 A Vi gk - 2 00 35 85 R HE A 2%
FEA, WK R E . PRt g R, FARG - EIOPURGRE . PriisniE. ke, A EA TR
JER GG VR dk i B ) AT R B, O ELBE P AR B R S 0T AR 2] o DRI, R ey 39 5 7 AR VR e
(D REH 0 58 N VG, AR — MU R I S . IR RS R, MR & L
AN £ SR B F VAN 0 280 P A VR e, P DR v 2R VR L ) A VR R, 4 R P A VR T Y 3 P AT,
T J2 294 R SR 45 K6 R Joe hof T A VR M R O T PR A R R

SOOI B RHEANERE . MR 2R RE 2 AN T A 7 AR VR BE IR . BRI AVERE T R) R
Wi P A VR o R U B B A HERV R FEAIS,  WROKEa s MPRE ) 2k R D7 THD SR 1 I e Ve g - AE A e )5
T, BRI )1 2615 R 7o iR 1 PO = 2R K 5% . B B AR B B3N, P sRE |
PRI AL | A PRI Al-Shamaa &5 [4]0F 9 45 536 PR 7E B AR B BHIUIR 2R 40 5128 0%, 35%, 65%, 100%
TR P AR TR S DT AU R, B ARPTRIIREE,  Bud R R A RS T AR ORHRCAC S R 5 i B
o BiHESE[S] AT TEARIE AT AN LR 4k 1 N S5 35 M b vy 7 VR4 (0 BE R RN DY 02 gl i fE (TR B
PemANK: TN ARG AR NPT BERL, DU S o i i AR T AW F 4 v st L

ZR 7 S [G1EAT W 7R A3 W AN S 445 N AR TR Bt LS 6t PR SR s . S5 SR BN Af 4
BRI, AR T ASURRER R, BG4S ENAE 1.0~1.5 kg/m® Z AN E .. GE R
FAE 25%~100%I , A= TR Bk Al o470 s 9 P2 2 B 7 A RL AR AR B I iy S /N o A2 PR AR R
RE—EBMEOLT, BN—E &R 4S5 AR R L R OPUR R . FEIRXEE[TIF AL T FA
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BRI 100%, MWLF4ES N 1%, 2%, 3%t & I AR EE L A ) iR, H 28 RyiE. #i
Prompz . BERPUR BT B A TR AL BIEE T T 3.74%~12.75%. 6.25%~62.5%. 9.52%~45.23%, "] 45
SR T4 1145 N6} 2B TR 0 R 50 B R iR AN S, ook A YR U (K B P 0 P R R HRE B
WEE . LRSS B1EMNA A ARBED N 0.5%. 1.0%F1 1.5%, JRAEF4E 58 I T 4k R FR 5
B EN 0.6%, N4 METIBESD M 0.5%. 1.0%F1 1.5% K115 T AT 9T 1R 4435 NANLT 4E 0 58 5 s £F
Yexf FRAEVRBE L )R RE, BN ER RS T PURTERE, (HIRSBANRNGLAYE S btk A o
PEfIG: FRIBANA A BOR B NIRRT IR A 4e 358 mBE 2 hihn . fudrfbishdithfe, (A5 3 oo SO 5
i, Afroughsabet V Z£[9]HF AL N AT FL 14X - SR IR A AF 4RI Bt 1, 8 A 60 mm K 5 1) i £ ity 35
LR 4 L) 0.25%..0.50%-0.75% 1 1.0 [ VU Fol AN [F) 21 2 R R 43 AN FE Ry 12 mm 9 5P 0 27 4 LA 0.15%
0.30%F1 0.45%1) & & . AT £F4ER sl L+ 85 10%H0RERIE RN/KIB B0, BERKIIB AR T R
1 715 VERE RN ARG o 3 35 N2 2 R 508 D 0 2 4 o VR - IR PR i B . BE R s . idir
SRIE AR R O . TR S A 0.85%4M A 0.15% 58 M 4T 4k TR kIR S it )y fe . R IT LS
[LO1HF 7T T 43 45 NAR LT 24 R 5 P M £ 4 ot P AE VR BBE 52 . AR AT 4E 4R R 5 & 0.5%. 1.5%. 2% A\
A TREE L JRMEAT4E42 0.2, 0.5, 0.8kg/m® 35 NPT ARTREE 1= o ARIZF 4R 5 DA 04 41 45 P A Vi vt L
(19 1% 05 T3 B RAF RIS AR o A TR OPUE R KR, LR 4Ei 50 1.5%, XF-TEBER4hihr &
R 98 f KI5 Bl 2% 0 s Tt T B A TR A O DL R S . B TR . P g KA B i
K, RNGEA4EBEN 0.8 kg/m®. 1 HLEF4EM NN BT B4R TF T FRAR TR HE L 1 B LRI g, Wil O Pk
SR JE PR T AN, XS R S A N

L ERTR, N T SRANEAERE A, ARG BT LERSS, RRBERHRE
PEREM R 25 R R, PP AR EAN [F 2R B AR 4B N AR IR B L, T DURIE PR 41 45 % 3 1AL 3,
X AR TR VR RE ISR A BN, AN ATEE N A TR @ B SR R S, VRS 4ER
B, BNAYE RCSCETREBE T R E, PRARTREE e, R R LR . R 4N AR,
R R, BNIREEL PR JEm kgL b e =R SRR, IHIAER e 5K, REIRE T
ZMERE .

2. EMRERESE
21 REFEMHSEALL

AR YIRS FH B AT R KB M I 2 = i A 7= (9 S S 0 P.O.42.5 [ EE IR £ /K s i FHFRI/K
PRI TR EROK,  F A% TR bR 32 e 2 IR b e, P A R I 3K AR AR BHRAC ) 5~20 mm
FIESE RO R, R R A M s A 2 I WM O . B0 [11] (GBJ/T 14685-2011) LA
Je Gl AL A RL) [12] (GBIT 25177)MSGHUE AT s SR B 240 B K2 K8 7 L F) 0~5 mm (R 9%
TRD, NI R RD s A6 I HOIR 522 TR I AT AE M A AN 21 4, LA T B PR REFE AR L R 38 15k
BT R AR TRIB RN 0.1%, LT 4RI ARIBE N 0%, 1.0%A1 1.5%, ZM (HmiRktHi &
PR ) [13]HEAT SRR B E & it BCA L Ik 2.

Table 1. Fiber parameters

=1 FHESY

Y K (mm) B2 (mm) PUHLE E (MPa)
PRUIR B 2 T W 4T Y 15 155 421
i B TN 1 4 35 0.7 >1100
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Table 2. Mix proportion design of recycled aggregate concrete
2. BERRLIIAHIET

RS KIKRE KUE kg/m W7 kg/m3 FEAEE kg/md® K kg/m3 UK kg/m® PPF kg/m®  SF kg/m@

P0OSO 0.49 398 615 1143 195 2.189 0 0

P0.1S0 0.49 398 615 1143 195 2.189 0.91 0
P0.1S1.0 0.49 398 615 1143 195 2.189 0.91 78
P0.1S1.5 0.49 398 615 1143 195 2.189 0.91 117

T ARG EAEE R A0 100%, PXSY FoRd SUN: P ZRTENIGLT YRR BN X%, S Fon ety
AR EON Y%

2.2. REFHBHES TP

RS A R B ARG D BN MR & Lo i alda p bl TS be R, Bifa
PN BE AR THT 78 70 S A0 s PIOR IR SR PEL N B . BEPERLA BN PR R R 30 s, FEEAKIE 51D
FHEE YIRS 30s, BEJS/EREHELRETh SIS N N LT 48, FREEHE L min, &J5Z18 MK 50K
FIBR G PIRER] 2 min, BB BRI (AR B LR NHER PO R BRI R BRE) & &,
THa IR B2 1 I KV HIE A4, JERR I 1300 . R PSR i A Tt k1 i 2 s
Jrasth, FROREEIEE SRR E 24 h, ATREATIUBERAE, S iCRAIEREREL N 20°C . MR
J 95% LA EIIFRMETRI 2 A T REAT IR, WA 2 28 K AT HEAT IR

2.3. W75k

BT A O R ST R R 23 8 i YR vt = 7 2 MR ARG 7 VAR v ) [14]HIAE SR 5 $04T o SREUR <) 100
mm x 100 mm x 100mm R 4F#E1T RAC 377 fR$  5f FE A1BE 450 [ 58 A 1k 46, SR A <) 100 mm x 100 mm
x 400 mm K147 RAC Hidrszi, %R ~F 100 mm x 100 mm x 300 mm i F#4T RAC 4o Hi s 525 .

3. KMREGRS 1R

RIS M AS VR A 7 2 0 S 7 PR o i 5 . B AT IR o FE AR IG . HU 4T o P S 38 AN O P s o A e 45 AR
wn#E 3 s,

Table 3. Test results (MPa)
= 3. L5 R (MPa)

WG U 58 5 LESIRDE PLdr iR o L1 588
POSO 371 2.1 4.7 215
P0.1S0 39.6 2.3 5.4 24.2
P0.151.0 44.3 4.5 8.8 35.4
P0.1S1.5 418 36 5.7 34.9

3.1 MAHHRERE

F 1 IR PR B IRTE A, POSO 411 P0.1SO ZH R4 T b B 1y 2, /N4 m RSOk e, TRt
0 V% AR R AERT R IR Rk, EHETERRIRAS . 1 P0.1S1.0 ZH A P0.1S1.5 ZH i1k 1
W2 540%, LI 4HEEHE, REFEHERSEMETIR, JM A /N BB A P47 T POSO 4141
P0.1S0 ik .
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(b) P0.1S0

(¢) PO.1S1.0 (d) P0.1S1.5

Figure 1. Failure mode of a cube compressive test block
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15, AN 4EARTB BN 1.0%, PUERE K, 53] 44.3 MPa, BB 481 P0.1S0 X142/ T 11.9%
(ISREE, B3 RAC {4 m 1 19.4% K58 .. n3 H RIWE L 4R B BN 0.1% N 4B 8 R

1.0% 2 P iRz ok .

50 F
£
sS40t
=
%
=
£30}
»

L
=
St
(=%
£
S

10 -

0

POSO P0.1S0 P0.1S1.0  P0.ISL5

Fiber content

Figure 2. The effect of basalt fiber content on compressive strength

2. NEIFYESEERE R

32. BRmNEE

3 NRABEB R INES, 5 E—1 kb —3%, P0S0 441 P0.1S0 ZHiRX 2T i i
TrRRINy, VSRR RSy, WA R AERT AR L S TK, EIMEERIRIRAS . T P0.1S1.0 4R
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P0.1S1.5 ALIAFAEIN B FEr, BEWT BUSNEFAE i (i, 2Tk BB PRAT BN B0 T B0l F BB R

(a) P0OSO (b) PO.1S0O

(¢) P0.1S1.0 (d)> P0.1S1.5

Figure 3. Failure mode of cubic split tensile test block
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¥4 3 1 RAC IRIG L5 R ML YRS B I KRG BRI W & 4 BioR, @l 4 aTUE W, 4
TR B% PR T b AN AT YR RS B 3N e E TR BRSO B LR R I R TR
RAC i, UL AEAETBEN 1.0%, BRPIRGEER K, 1A% 4.5MPa, EABNLLER) P0.1SO0 il F
PR T 95.7% M50, Bz RAC e M 1 114.3% 5%, (HHB RN 4E1 P0.1S0 itk 5% RAC
WAL, FREIREA K. A5 H R NG L 4 AT 2 0.1% AN AR B B 1.0% 2 85 240 o
=N

Spitting tensile strength/MPa
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Fiber content

Figure 4. The effect of basalt fiber content on spitting tensile strength
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3.3. fuiimpE

K] 5 ARBBTHTIIR LA, 55T POSO 1 P0.1S0 ZH R 4, Fifi 5 410 i %5 4k 25232 B A R 7 52 A 2 70%~80%
oA s FERAE S v ) (B o Ao B LR 2 ey S R IS 4%, B AR, 4% I A 58 R ) b A A,
A FEOAFERE BN AL 7, %R ROE UE T I8 1 58 R MG PR IR

%F P0.1S1.0 A1 P0.1S1.5 it N — e B MANAF4E 5, W BUE AR RRAE , 2447 308 Bk
PRAar 2 BE /1 SO%ML ﬁtﬂa‘ﬁ‘éﬂﬁ%ﬂﬁ%ﬂ%%%&##ﬂitﬂ SR R, B R AR K e A
s, Rz

(a) POSO (b> P0.1S0O

(c) P0.1S1.0 (d) P0.1S1.5

Figure 5. Failure modes of concrete flexural specimens
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Figure 6. The effect of basalt fiber content on compressive strength

E 6. NREIAFLYEBEX I RERIF MM

e 319 RAC B 4 R 5 NLTYER RS B R AR I 1] 6 Fros, K 6 WLAGEH, R
TR HUIT o FE R PN 2T 4R AR B BRI N S8 ETHA BAR, EHB AR iiraZ kTR RAC i)
fF, BN AEAARBIB RN 1.0%, FilfrsmfoR, k%) 8.8 MPa, BIABINLT4EH) P0.1S0 i1 1 63.0%

DOI: 10.12677/hjce.2026.154102 287 LRI


https://doi.org/10.12677/hjce.2026.154102

EE- 3

MBS, R RAC I E 1 87.2% 5015, (HHRB RN 4ER P0.1S0 il {5 % RAC il {4k, 2
AN K. T3 H B N A 4e kAR B B 0. 0% FIAN A 4R TR 45 B 1.0% 2 B 4T o 5 B k.

3.4. HLERE

7 B O BUE BR L S . KT POSO A1 P0.1S0 st ik BIAE T 4k e, 80 R R,
A B HE N Peig e A B . T PO.1S1.0 A PO.1S1.5 4Lk, Win— & ARB RN )S, i)
TEERBY B, R LT 4R I 0T 7 5 A Je , T T 58 3 R AN 4B T2 B T A R, FLABUAA £ T R0 0E 54°~T2°
ZIH] ;s WA RLEE G AW N, AR EAN W R L BORY BRI LA T OE I 55, (HAR TR
FER AR ERRE ), R RITFRUE R 58 SRR 132 1R

(a) POSO (b) PO.1S0 (¢) P0.1S1.0 (d)> P0.1S1.5

Figure 7. Failure modes of axial compression specimens
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Figure 8. The effect of basalt fiber content on axial compressive strength
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#4231 RAC 36 45 B 5N AT AR5 1o R IR B ] 8 B, HE 8 LA H, FE
VR A o B S R B AN AT AR BRI N B TS FRAG, EB A RR R S K TR RAC
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46.3% 5%, R RAC IR T 64.7%M)50 5, (HHBRENGA4ER P0.1SO0 5 % RAC R FH
b, $EmEiEEA K. AT H BRI 4EARIIBE N 0. 1% NN 4TI A 1.0%2 0P i oK.

4, 4Eip

T B AN RV 7 B PR T 44 R0 5 TR £ 44 AR VR AR AT S R R RS . BE PR
5 YT SRIR AL PR IR, fFH BT

(1) BAREBLABANGYESE, SUUIFERAR —EBERN S, ERNGBIEEREBEN 0.1%
R HEARTRIB BN 1.0%, TR AR 4T AR TR BRI B (3 n s e, b 2 7 IR P R 5 2% P AR TR vt
TR 19.4%, EERGTH GRS 114.3%, PIITIRAETR A 87.2%, HhOPUR IR 64.7%.

(2) BB RN LERVEREBUR A TRE L 1) S UL RE IR SR A K, LT A4EXT B AR TR e L 1 52
W BEA T SR s £ 4

(3) I E AR B 2R A £ Y 1 A Ve LR R ) R RE A PR T, L Sr i P s i | B
PUEBRFE  HUHT 580 B A0l O P 8 P MK 38 AR R 95 I A AR TR el
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