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Abstract: To enhance the deformation, crack resistance and impermeability of channel repair materials in irrigation dis-
tricts, the hybridization effects of nano CaCO, and polypropylene (PP) fibers on the flexural toughness, crack evolution and
micro-mechanism of alkali-activated material were investigated. The results show that the hybridization of 1wt% nano CaCO,
and 0. 4vol% 6 mm+0. 8vol% 12 mm long-short PP fibers can significantly improve the flexural toughness (42. 9 times high-
er than the control group). The post-peak load drop rate is slowed down, and the flexural hardening behavior is present be-
fore the peak. Crack evolution and SEM microstructure analysis indicate that nano CaCO, significantly extends the crack
propagation path, increases the number of cracks, and enhances energy dissipation by strengthening the chemical bonding
and physical friction at the fiber-matrix interface, and combining the fiber bridging and pull-out mechanism, thereby impro-
ving the flexural toughness. The hybrid effect analysis shows that when the fibro factor is 387. 10 and the nano CaCO, dosage
is 1wt% , the positive hybrid effect is the most significant (S=0.596) , verifying the effectiveness of the multi-scale syner-
gistic toughening mechanism.
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Table 1 Mixture ratio of nano calcium carbonate-PP fiber reinforced alkali activated mortar (kg/ m?)

No. Slag  Flyash Silica fume PP Fiber Qaner WA Water Sand
6 mm 12 mm 3 glass

0.40-6P0-12P0-NO( control group) ~ 86.03  614.48  178.20  0.00 0.00 0.00  318.39  163.52 175.74
0. 40-6P0-12P0. 4-NO 85.68  614.48 17749  0.00 3.64 0.00  317.11  162.86  175.53

0. 40-6P0. 4-12P0-NO 85.68  612.02  177.49  3.64 0.00 0.00  317.11  162.86  175.04

0. 40-6P0-12P0. 8-NO 85.34 61202 176.77  0.00 7.28 0.00  315.84  162.21  174.83

0. 40-6P0. 8-12P0-NO 85.34  609.56  176.77  7.28 0.00 0.00  315.84  162.21  174.33

0. 40-6P0-12P0-N1 86.03  600.77  178.20  0.00 0.00  10.54  318.39  163.52  173.00

0. 40-6P0-12P0-N2 86.03  596.90  178.20  0.00 0.00 2109 31839  163.52  172.23

0. 40-6P0. 4-12P0. 4-NO 85.34  614.48 17677  3.64 3. 64 0.00  315.84  162.21  175.32
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No. S Flyash - Siiea fame — PP Fiber gjﬁ’& vgvlits‘: Water  Sand
mm 12 mm

0. 40-6P0. 4-12P0. 8-NO 84.99  609.56  176.06  3.64 7.28 0.00 31457 16155  174.12
0. 40-6P0. 8-12P0. 4-NO 84.99  607.10  176.06  7.28 3. 64 0.00 31457 161.55  173.63
0. 40-6P0. 8-12P0. 8-NO 84.65  607.10  175.35  7.28 7.8 0.00  313.29  160.90  173.42
0. 40-6P0. 4-12P0. 4-N1 85.34 59593 176.77  3.64 364 10.46  315.84 16221 171.61
0. 40-6P0. 4-12P0. 8-N1 84.99  600.88  176.06  3.64 7.8 10.42  314.57  161.55  172.39
0. 40-6P0. 8-12P0. 4-N1 84.99  598.42  176.06  7.28 364 10.42 31457 16155  171.89
0. 40-6P0. 8-12P0. 8-N1 84.65  598.46  175.35  7.28 728 10.38 31329 160.90  171.69
0. 40-6P0. 4-12P0. 4-N2 85.34 58721 176.77  3.64 364 20,92 315.84 16221 169.86
0. 40-6P0. 4-12P0. 8-N2 84.99 59220  176.06  3.64 7.8 20.84 31457 16155  170.65
0. 40-6P0. 8-12P0. 4-N2 84.99  589.74  176.06  7.28 364 20.84 31457 161.55  170.16
0. 40-6P0. 8-12P0. 8-N2 84.65  589.81  175.35  7.28 7.28 20,75 313.29  160.90  169.9

Notes: 0. 40 represents the water-binder ratio; 6Px indicates a volume fraction of 6 mm PP fibers of x% ; 12Py indicates a volume fraction of 12 mm PP
fibers of y% ; Nz represents the mass fraction of nano-CaCOj; in the cementitious materials of z%
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Fig.2  Schematic diagram of loading in bending test
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Fig. 9  Microstructure of the alkali-activated mortar after bending failure

4 & #

(1) GIKRBRIRES (1%, it /3240 5 PP 44 (0. 4%
6 mm+0.8% 12 mm, RFEL) IR W B 42 Bl &
WIS ) 1 (ot BB 55 42. 9 i), AR 2 4ETT
SURAE , WEFTHE AR AT T O 506 5 R AR T Y e R
L1 YR IR A AR ST SR A 4 IR RV P A ROE K T
SY RS, IR 240 X R P RIFERER T T RE
WhEST

(2) TROURZE KL 43 BT 2 B, 20 D Bk 1 5 3 2 34 58 2T 4 -
BRI B R 45 5 Y PR 38R, D) Rk b B PR B O
PR, ML T 2 dEmy 3 AR REDL R, S o
ARAIN 2 17 A8 T Ak R AE ) 1 41 T 0 SR, AR
FELTHER 7y 387. 10, HAUKIKIREG 15 04 1% ik 5

A (R0 750 S=0.59)

(3) 4 AF MU 7, TR ZRET 4 5 90 K Bk R 45 1Y)
DRI 2 s T i i SRR S, TC AR A4 AR e
PEREIR , TRz R AR E 3 &, HA X4 R
F . ZHETFRURE S Fom R Ak O LR, R
67 N RESECYE: IS TR T E L

(4) AW I 7~ T RIS R bRk 22 RUBE B [ 18 99
BILT . A R B T 5 30 3 SO A T £ T 1 ik 27 4 BH 4 400%
MR A LT Yl i« KA )17 B IE K ff 4R AL b B2, —
B UMRIRON A TE K s I 22 AR AR I B 2 18 b
RHEAE T BEISARYE

SE Xk References

[1] LIL, JIN P, ZHANG K, et al. Theoretical and Applied Fracture Me-



%12

A /NFELE o BKORL - IS 2T 4 B [ A PE BRI A AR 25 B e 22 4T LT 7

1127

[10]

[11]

chanics[J], 2025, 135; 104774.

B, T, /NGRS Tl K230 (A ARBRED) (1],
2024, 43(3) ; 278-283.

LIANG C, XING Y M, HOU X H. Journal of Inner Mongolia Universi-
ty of Technology ( Natural Science Edition) [J], 2024, 43(3): 278
283.

SRR, AR, BEI, 55 SEE Tl KSR ( ASRBIERR)
[J], 2024, 43(1) ; 63-69.

GUAN Y L, ZOU C J, KANG Y M, et al. Journal of Inner Mongolia
University of Technology(Natural Science Edition)[J], 2024, 43(1) ;
63—69.

SHI Y, LI J, ZHANG Y, et al. Journal of Wuhan University of Tech-
nology( Materials Science) [J], 2025, 40(1) ; 65-78.

g, XUFR, AR, 4. S TAl K2R (AARBE) (1],
2024, 43(1) : 77-8L.

GAO Q, LIU L, SONG X Y, et al. Journal of Tnner Mongolia Univer-
sity of Technology ( Natural Science Edition) [J], 2024, 43 (1);
77-81.

HUANG J, WANG B, SHEN L. Ceramics International[ J], 2024, 50
(19) ; 35089-35102.

R BEMN, FM, GE eERERARI)], 2022, 50(8) : 1-9.
LIL, WEIYJ, LIZL, et al. Journal of the Chinese Ceramic Socie-
ty[J], 2022, 50(8): 1-9.

NOUSHINI A, HASTINGS M, CASTEL A, et al. Construction and
Building Materials[ J], 2018, 186 454-475.

R, PIVERRE, fTENE, 4% RERREREHR(T], 2018, 37(3):
881-887.

ZHAN P M, SUN B X, HE Z H, et al. Bulletin of the Chinese Ce-
ramic Society[J], 2018, 37(3) . 881-887.

FEHT, BN, Wit T[], 2023, 53(S1): 608-611.
GUO Z M, HU X, ZENG W S. Industrial Construction[J], 2023, 53
(S1) : 608-611.

T, AHREE. RERRERER[)], 2013, 32(6) ; 1103-1109.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

HUANG Z Y, ZU T Y. Bulletin of the Chinese Ceramic Society[J ],
2013, 32(6) ; 1103-1109.

JEHAE, BlER S TR T], 2016(28) « 277-281.

ZHOU Y H. Science Technology and Engineering[J], 2016(28):
277-281.

M3, 7788, M8, 4. IREEL5KIHIMI], 2020(6) : 9-12.
TIAN J, SU J, WU P, et al. Concrete and Cement Products[J],
2020(6) ; 9-12.

XA, TR, Aot 45 RERREREMR[T], 2022, 41(12).
4254-4262.

DENG Y S, ZHANG K Q, FU Y B, et al. Bulletin of the Chinese
Ceramic Society[J], 2022, 41(12) ; 4254-4262.

ASSAEDI H, ALOMAYRI T, KAZE C R, et al. Construction and
Building Materials[ J], 2020, 252; 119137.

LIL, WEL Y, LI Z, et al. Journal of Cleaner Production[J], 2022,
354; 131629.

BANTHIA N, SOLEIMANI S M. ACI Materials Journal[J], 2005, 6
(102) ; 382-389.

HWIRD, 173, KR RERRERAHR(T], 2015, 43(5) : 632-642.
CAO M L, XU L, ZHANG C. Journal of the Chinese Ceramic Society
[J], 2015, 43(5) ; 632-642.

TRIE, EHIHL EARREAT], 2014, 31(3) : 661-668.
ZHANG C, CAO M L. Acta Materiae Compositae Sinica[ J], 2014,
31(3) : 661-668.

HH, R, S, S EARREERI], 2017, 34(11):
2614-2623.

CAOML, LIL, LI Z W, e al. Acta Materiae Compositae Sinica
[J], 2017, 34(11) : 2614-2623.

ML, AR, BT, 45 NSl Tl R4 ( A AR
[J], 2024, 43(4) : 351-359.

SUN Y, ZHU W Q, JIA J Q, et al. Journal of Inner Mongolia Univer-
sity of Technology ( Natural Science Edition) [J], 2024, 43 (4):
351-359.



