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Synergistic effect of silica fume and hydrated lime on mechanical
properties of re-cycled aggregate concrete
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(1. School of Civil Engineering and Architecture, Hainan University, Haikou 570228, China;
2. School of Chemical Engineering and Technology, Hainan University, Haikou 570228, China)

Abstract: To improve the recycling efficiency of waste concrete, this study systematically investigated the
effects of silica fume and hydrated lime modifications (both individual and in combination) on the mechanical
properties of recycled aggregate concrete (RAC). The triple mixing technique was employed during concrete
preparation. Compressive and splitting tensile tests were conducted to evaluate the fundamental mechanical
properties of RAC, while scanning electron microscopy (SEM) was used to analyze its microstructural
characteristics. The results demonstrated that the individual incorporation of either silica fume or hydrated lime
yielded only marginal improvements in compressive strength and splitting tensile strength. In contrast, the
composite modification combining both silica fume and hydrated lime significantly enhanced the mechanical
performance of RAC. Microscopic analysis further revealed that the composite system substantially improved
microstructural compactness and the interfical bonding between aggregates and cement paste. These findings

provide valuable insights for the practical application of recycled coarse aggregates, demonstrating that
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optimized composite modification could effectively enhance the mechanical performance of recycled concrete
while advancing sustainable resource utilization in construction.
Keywords: recycled concrete; silica fume-hydrated lime composite; compressive strength; split tensile strength;

microscopic analysis

0 35

H AT, Sttt i AR TR BE ) 2= VERE, B 2 Fhy ik, — I o s AR B B, DT $ T 1
Az IR BE - B PERE s — Rl AR BE L B T2, R AR T AR TR BE LA TAEMERE L AR RESE .
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W TIREE KM . Kong 25 QT PEHIAR ) T —Fp = B3 FEHOR (triple mixing, TM), M7 H
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1.1 RISERE AR R 1 g AR I P 32.5 UK U8 KARERHA N B D TR A T, MUE R
BiARJE A 5.00~20.00 mm, 76 8 L HL; RARANE R R A0 EEREL 2.87, et 2.1% K% K%F 4.1% 1
BLGIAD 5 F-A A Bk pR T o G AT P A 00 IS PR /A7, B BERLAR 430 2 5.00~20.00 mm AT 16.00~
31.50 mm( 4] 1), 4% 6:4 il IR A . BRERME S IHE R IZ, Z ABAETAR, /A 500, M6 Ch-m IR 5
TR R SR AR JGI52—2006 )" R AE , R R A AP RE, 25 R L6 15 AR P T
B SRR RS F AL, B 1.5 g - em?, SIO, i 350N 95%, fE K BURDRIAZ H 0.1~0.2 um; 277
JRVEF R R IR TARA A, A aLs AR, ik 95% i s K BB RR TR K 7, oK
RN 28%.,

1.2 REAR REELAECA T R P G IR EE AL A s TR : JGIS5—2011)", FL ¥ C30 IR EE
+ o R B REUCE N 0. 25%. 50%. 75% 1 100%, LIRS R RLE RHE A B0 AR TR BE +
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WIS, BEK—BCA KB R4 R C5.0D0.5, C5.0D1.0, C5.0D1.5, C10.0D0.5. C10.0D1.0, C10.0D1.5.
C15.0D0.5. C15.0D1.0 F1 C15.0D1.5. FL:HHI{E 20 41 360 AN1EE 17 ik He, HAREC A e 22 2.

[ s = fym—— T o

a HHRPRI25.00~20.00 mm b HEPRA216.00~31.50 mm

E1 BEHEEH
F1 HEERNERERE

Al iR /mm B/ (kg - m?)  RWEE/(kg - m?)  WKF%  EEEER%  SKR%  SIE%
KIRHEE 5.00~20.00 1 647.00 2348.00 0.84 7.24 0.92 0.34
HARER  5.00~31.50 1512.00 2261.00 5.37 13.64 1.12 0.63

*2 BELIEEL
R (kg » m”)

e et R B OBEK kR » ko wokl
R T
A 0.47 1158.24 0 0 0 370.9 772.16 162.23 1.48
B25 047 868.68 289.56 0 0 370.90 772.16 162.23 1.48
B50 0.47 579.12 579.12 0 0 370.90 772.16 162.23 1.48
B75 0.47 289.56 868.68 0 0 370.90 772.16 162.23 1.48
B100 047 0 1158.24 0 0 370.90 772.16 162.23 1.48
B50C5.0 0.47 579.12 579.12 18.55 0 352.36 772.16 162.23 1.48
B50C10.0 0.47 579.12 579.12 37.09 0 333.81 772.16 162.23 1.48
B50C15.0 047 579.12 579.12 4451 0 31527 772.16 162.23 1.48
B50D0.5 0.47 579.12 579.12 0 1.85 370.90 772.16 162.23 1.48
B50D1.0 0.47 579.12 579.12 0 371 370.90 772.16 162.23 1.48
B50D1.5 047 579.12 579.12 0 5.56 370.90 772.16 162.23 1.48
B50C5.0D0.5 0.47 579.12 579.12 18.55 1.85 352.36 772.16 162.23 1.48
B50C5.0D1.0 0.47 579.12 579.12 18.55 371 352.36 772.16 162.23 1.48
B50C5.0D1.5 047 579.12 579.12 18.55 5.56 35236 772.16 162.23 1.48
B50C10.0D0.5 0.47 579.12 579.12 37.09 1.85 333.81 772.16 162.23 1.48
B50C10.0D1.0 0.47 579.12 579.12 37.09 371 333.81 772.16 162.23 1.48
B50C10.0D1.5 047 579.12 579.12 37.09 5.56 333.81 772.16 162.23 1.48
B50C15.0D0.5 0.47 579.12 579.12 4451 1.85 315.27 772.16 162.23 1.48
B50C15.0D1.0 0.47 579.12 579.12 4451 371 315.27 772.16 162.23 1.48
B50C15.0D1.5 0.47 579.12 579.12 4451 5.56 315.27 772.16 162.23 1.48
e <A R RIS+ B N EADIREE 1 “C R “D” N EGE I BT R R IBURER KB i . i1“B50C10.0D1.07 %R PR A HLERHIK
RE50%, FEKIBH10.0%, A KB E.0%, AIHE N FERIZL, BSOIUHE Xf IEAL, AR ilnd

1.3 lEEH&E A TR EE L URE R TM 4 T2, IR HcHs (3 1 ke 55 b 485 W 1k BB U 38 J7 vk A v
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FH &1 8 AT, A TR R - e F 5 8 A LTy ik 32 B 38 A KB i (0 15 2 B e TS B ) A8 Ak k.
28 d AR, B KB & 1% TR TREE + 3 J) 2 e (e o B B 244 hr g ) (Y BB A il B i, ik
5P| PSR B 5 )R 34.08 1 2.89 MPa, AHEE T Xt BEZH (RIS I 1K) 43 2 7+ 9.7% 1 6.6%, B
A AR TR . 60 d SIS, 1.5% B K AR TR EE - APR38R 37.61 MPa, A LT 1.0% B K
AR EE T DT R 42,58 MPa, % 13%, HARTXF BB AL 550 39.86 MPa, F 3 H T RN o 3X % HH 24
AR )35 T AR A, B LU 538 e X AR TR+ i R I e = A=A RIFE
25 ERERSAARBERRLINAFMERE WIRFEE G K S 20 KA AR EE + 1 TR RE I P
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SEIRANE 9 BN ; X B L A 4 3R 7E 28 d 14301 ROV S FL B8 SR AR AR A 4] 10 BiTR
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ERET RGN Ol RUIE] AL FLER 437
10 #4728 d FLEE LA MIZ LT
H O TR B, SN A48 6 B A URE AR TR EE + )22 R IUAR R TX A A N R R R sy .
i SIS A B AR IR EE T 7 d S I AP R i 8 RN B ST 4 i B e = 2 iR B T 30.30 AT 2.39 MPa, 3% FR 4

G METE T 25.9% F1 17.19%, 32T+ AR T 5l 48 ARk K sl i K PR AR TR BE 78 7 d i TP &
SR 35 R B T o o B, ok U I A2 G 3 Y L 18] 1 ek ORI A1 K R 0 S SR AR T A TRLEE A R
28 d T, 10% fiF JK—1% A0 KPS A TR BRE 58 B2 T8 B BT B B RS , e e ook B A R4 40 r ik 32 433l
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Ab, B HARE R 2 60 d B, AR P A TR BE 1 ) 25 B AH b X B2 S50 BT i, ot i BH A2 45 RE RN 24
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AR AR TR I P R A

AT Imagel FAFXTFEA TR BE +0HE A SEM B EAT 8 S 15 STE 340 i GRE DL 1] 10), kA&
10% FEJK 55 1% #A I FEA TR BE - 7E 28 d i H S FL IR o Lo S 38 R AIG, L LB o EeA R 17%, AHER
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/DA FEFL(>100 nm) (9 HL B, A0 B 5 | SRR SAARGE R . X R 2 ROE S5 L1k B I WA 22 0 )
el R R PP T A P AR IR EE LA 28 d W IR SR BB 5 17.2% . BF AT h i FE I 20.3%, Sl
TOUZE A FE A 5 2 R 8 K JR I 5 DG I o A, 3 e X B A TR A 1) FL RS A S B R B Y
P E S GEE 5), A3 AR AR EE + O 8T L SriR B P o B FsE 2o h s i B (E"
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