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Effect of calcium carbonate whiskers on the properties of recycled

aggregate concrete
YAN Jie'?, FENG Longhui', LIANG Chongyang', WANG Xiaoyu', YANG Bo', XIE Jun"’, HE Yan®™

(1. College of Civil Engineering, Hebei University of Architecture, Zhangjiakou 075000, China ;2. Hebei
Key Laboratory of Diagnosis, Reconstruction and Anti-disaster of Civil Engineering, Zhangjiakou 075000,

China;3. College of Chemistry and Chemical Engineering, Guangxi University, Nanning 530004, China)
Abstract: To enhance the mechanical properties and chloride ion penetration resistance of recycled aggregate
concrete (RAC), RAC specimens were prepared by incorporating calcium carbonate whiskers (CW) with
different content (volume fraction). The compressive strength, splitting tensile strength, and chloride migration
coefficient were measured. The underlying mechanisms were analyzed using scanning electron microscopy
(SEM) and the nitrogen adsorption method. The results indicate that the optimal performance of RAC is achieved
with a 25% recycled aggregate (RA)replacement rate and a 0.8% CW volume fraction. However, excessive CW
incorporation leads to agglomeration, which diminishes the improvement in RAC properties. CW optimizes the
RAC matrix morphology through mechanisms such as pore-filling and crack-bridging, thereby improving its
performance. These findings provide a theoretical foundation for the application of CW in RAC.
Keywords: recycled aggregate concrete (RAC); calcium carbonate whiskers (CW); compressive strength;

splitting tensile strength; chloride ion penetration resistance
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JREHER HE R 7K 28 1 T 4 B AL P - O42..5 3838 fi:
TR ER K UG o AHE BRI SR R A BB,
SR AT BLAR Y Ky 5~25 mm. HLERAY By B
REDLER 1o ZH-EBER FH 40 B REECH 2.69 B R AR K Uk
Wy (MX ey, SRS CARICW, HZ
W AHOWTE S VLI 1, Wy BRvEfE e bR W 2 (Hi
24 h KRR it 70450 o« R FHIBK 2K T 25% Y
ERCR R TR ISR o I PES FHZK R RA BRI 7K
Bk H kK.
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Tab.1 physical properties of coarse aggregates

g ORI MEBURIZ  JREEESR 24 hIRUKOR
H *{'W’F;I:J -3 -3
(kgm®)  Akg'm™) 1% 1%
NA 2 880 1738 14 0.38
RA 2 686 1352 16 5.50

(b) WO

(a) ZEWIEH
Bl CW R HUES
Fig.1 macro and micro morphology of CW

F2 CWHIREMEREIEHR
Tab.2 physical properties of CW

s KEam fRam KGR
A(g-em™)
2.8 3 20~150 5~20 2~12

1.2 CWEHESHRRELHGE

H TG CW X RAC J124 RBTAE T B &M%
AE MY A, I R ok R 5 A A0 - TR ORI B+
(CW-RAC) J1%RPtA B T B EERIAK . KK
IR 047, W3RN 37%, RAFINEKGH Ko,
25%. 50%. 100%. M4l SCHR[12]F0 SCHR[13], &
B0 1.6% I, KIEFLE A F R BE e
WAL CWHB R0, 0.8%. 1.6%. 2.4%., K
CEm TR EE R A P RLRE) (JGY 55—2011) &
A, WK 3, & A H CW £ & 1 RAC
e
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&3 CW-RACHE&LE
Tab.3 CW-RAC mix ratios

N R CW /% IK/(kg-m™) KR (kg-m ™) W /(kg-m™) )‘/f::f‘zf‘ ﬁ/i:ﬂf;ff fﬁifiﬁ
RCOCWO 0 217.5 463 655 1115 0 0
RC25CW0 0 2175 463 655 836 279 153
RC50CW0 0 217.5 463 655 558 558 30.7
RC100CW0 0 217.5 463 655 0 1115 61.0
RC25CW0.8 0.8 2175 463 655 836 279 153
RC25CW1.6 1.6 217.5 463 655 836 279 15.3
RC25CW2.4 2.4 2175 463 655 836 279 15.3
RC50CW0.8 0.8 2175 463 655 558 558 30.7
RC50CW1.6 1.6 217.5 463 655 558 558 30.7
RC50CW2.4 24 2175 463 655 558 558 30.7
RC100CWO0.8 0.8 217.5 463 655 0 1115 61.0
RC100CW1.6 1.6 2175 463 655 0 1115 61.0
RC100CW2.4 2.4 217.5 463 655 0 1115 61.0

- URES 5 RCx CWy 38 RA B (BTt /380 4 x% .CW B4 y% I CW-RAC,

1.3 WA E

(1) JirEpeils
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F14) S PR RV A

(3) TR Fa I AL PR 25 4 i 0

ST PR B0 A SR R R R S, IR
B ST 7 R RE P EB A BURE L 4 ) R
TESCAN MIRA LMS AU B 7 g s . DAL 7
3H-2000PM 1 2 =5 P BB GLAL 3 A A T JR TR 2 - TOUR
SRR . FLBRZE A

2 KBERE M

2.1 HNEHEREERSHH
TREE 1 28 d i om B M B S prham B WL 4,

Bt RA SRR, RACTL T B 2 i FEAR
B CW B I, RAC LR BESETH A B .
CW 14 0.8% I, RACHLE 58 EE k2 I . bl
#FRABICER ML, CWBEXF RACHL R FE Y
SAETEZE S . RABACER 25% 0, 3Fh CW
i N RAC Po k5 B ¥ il BE RC25CWO0, o,
i FE RC25CW0.8, ik £ RC25CW1.6. ik F
RC25CW2.4 #4538 BE RC25CWO 43 531l 2 155 9.83% .
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HHEE, FERCIO0CWI.6, ik FE RC100CW2.4 A HiT
JE 5 2 AR T 6.77% . 8.39%. rrEiX Flil 4
FJE R R B RA BRI, RACHA W shiE:
TR, FEREREEE B K, CW B /3 BUSCRIEAIR,
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BEQAPURLE B AP AR 22 5 . Y RABREK
AT, X CW 3558 RAC B 451 F7 5 B 85U A 52 i)
BN, Y RABRACREFLEE N, CW Ay 4],
TCVEAE RAC NP 75 B HERR I | 5 il T 224 4 2k {ip
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Tab.4 28 d compressive strength and splitting tensile
strength of concrete

GRS B /MPa B TR B /M Pa
RCOCWO 42.46 5.41
RC25CW0 41.41 5.32
RC50CWO0 38.95 5.20
RC100CW0 35.76 4.86
RC25CW0.8 45.48 5.93
RC25CW1.6 44.06 5.70
RC25CW2.4 4228 5.53
RC50CW0.8 4323 5.43
RC50CW1.6 4245 5.26
RC50CW2.4 35.95 5.13
RC100CWO0.8 36.99 497
RC100CW1.6 33.34 4.64
RC100CW2.4 32.76 4.61
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Fig.2 colorimetric results of chloride ion penetration in RAC
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Fig.4 SEM microscopic morphology of CW-RAC
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Fig.5 absorption and desorption isotherms of RAC
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Tab.5 characteristics of specific surface area and pore size distribution of RAC
G5 Fe T A/ (m?-g ZFLAFY/(mL-g ) Dgyy/nm D,/nm ] JLfLAE/mm
RC25CW0 18.822 6 0.080 0 29.895 9 3.7380 3.880 3
RC25CW0.8 20.4359 0.056 4 28.3303 3.5639 3.7170
RC25CW1.6 20.387 6 0.076 3 29.057 3 3.6258 3.892 1
RC25CW2.4 23.354 8 0.078 6 29.518 1 3.730 6 3.907 5
0.0726 —— LR R 10:0880 0.0528 —o— fLIRB-FLAR TS £ 0.061 6
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Fig.6 differential integral pore volume pore size distribution of RAC
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