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Experimental study on the effect of calcium carbonate whiskers on the
mechanical properties of aeolian sand concrete

ZHANG Zhuosen, LI Hao, YV Shuyv, GUO Haolong, SUN Changwei, ZHOU Yi
(College of Water Conservancy and Civil Engineering, Inner Mongolia Agricultural University, Hohhot 010018,
P. R. China)

Abstract: To improve the utilization efficiency of aeolian sand, this study investigates the influence of varying
calcium carbonate whisker volume fractions on the compressive and splitting tensile strengths of aeolian sand
concrete. Scanning electron microscopy (SEM) and nuclear magnetic resonance (NMR) were employed to
examine the interfacial bonding between whiskers and cement paste and to elucidate the strengthening
mechanism. Based on the experimental results, a theoretical model of relationships among compressive strength,
splitting tensile strength and curing age was established. The findings show that the incorporation of an
appropriate amount of calcium carbonate whiskers significantly improves pore structure and mechanical
performance. When the aeolian sand content is 60%, the optimal whisker volume fractions for compressive
strength and splitting tensile strength are 0.15% and 0.20%, respectively. The proposed predictive model aligns
well with the experimental data and effectively predicts strength development with age.

Keywords: calcium carbonate whiskers; aeolian sand concrete; compressive strength; splitting tensile strength;
SEM; NMR; predictive mode

Yok HE:2023-12-20 4% ki B #3:2024-07-17

BEEWE N Rl KA 8 31 28 3% B H (RZ190000201); N 52 [ SRR 5L 4 % Bh I H (2021MS05045)
Supported by thelnner Mongolia Agricultural University PhD start-up fee (RZ190000201),and the Inner Mongolia
Natural Science Foundation (2021MS05045).

YEZ Bk AR (1997—) B WL A8 A, 22 K TR BE L 1 A 5Y , (E-mail)nndzzs@163.com.

WBEMEE R P B4, Wi+ 4 20, (E-mail)hao.li@imau.edu.cn.



B KA BEBRAS B AUAT RAR R £ ) SRR AT R 107

TE VD355 M DX b A T M I S s e A e, Ay AR P 15 DX 0 XU D W R AR A T T ) TR
bR R R S MBIV R VDB SRE S5 M X 22 T [ R TOTE B9 R Al 0, 2 — A BURL 20 /24 ) B oy
s W Bk AT RS S T B BRI XURR D 2 At U 1 DX IT b T A T L, O 4 24 T R LA M SRR A5 O B 2
HEC VD IRAL "6 B o 6 KR YD IR BE R AT TR R T R R o PR KU U SR B B4 F R 2D 8K
e, 97 32 20 R AARVD IR BE 1 Bl LU BT RO EAR Iy 2 PR RE A A 2 2 3 o B IE S8 i 3 75 31 AR
b e ] TR 35 1) e 0 BC 5 be B TR R b e i i i XU 5 A S5 A 8 222 1 ) S R R N ) AR A R
B Jig 28 S5 VR A 2R BB G R KRR B A X TR B b N R A FL R AS MR B T — s Y B AR L RE R T
i 754 o 28 EARAETWE TSR B, XA v T AR TR B - A vk, P 3 e KU A T b il ) o 9 TR
ZL ARV IR BE 1 o HARAEOOE SR T B KB VR e AR R B O D B8R R LA 2 A S
KGN A 7

ik PR 515 it 0 e — PR SCAS 7 B JE AL SE A R, 2 A T3 TR 00 1 G RO 1, TR &5 R 5K
OB R AR NP TR B o KR 20~30 pum, BLAR 0.5~1.5 pm, ROFIC /T3 DL A RLET 4, e 6 )
TNy RIET 2 0 R P, 55K D8 B B RHAT R AR A P, A e st SRS TR O AR e S A K A e R AR B
AL, ORI B R 2 B, 0 HOVE G, AN 2 T A T 3R B R i I AR TR 6 6 R 1) 4 BELPE BE | 2 LA 9 4 05 B REC
Cao SF"EIK YBHE 52 A BRI 10% 15 T3k 1) Bk 2 475 &t 20T, i Bk R 8% i 200 BE 06 1 SROUL IR JBE L= 400 4] £/ 2R
B R, I 0035 K U8 HE S5 B LK) DN B FL B 2 A S R AR W BRI BE o SCIR R AR ST R T Bk R B 4045 R
Bk - 2 [0] 14 PR 452 R RO R TN 47 4 VBT 4 45 T R BE R AMB AT AR B vy, SR BE L R AR 45 S PR RE AL T
HAtb SN B 21 4

WEFE W, KRV (14 5 HE B 4 A 20%~40% , 2 T AR AE TR KRR V0 e R o iy 25 S B0 3 AL i R
1A AR R 5 1 1 22 PR RE o O I IBORE | I E AR I 8 i ORISR , S0 LA 60% B KB U0 5 4 T >, 3
B B TR BT it 00 R R 9 T AL B 0 A 1 e R B g A M RE Y O U A S KR VD IR BE . AROUL Y
1B 53 AT T 2 R BB RS 0 PR 2K, DA i TR B e 0 IR U S 5 - 4 17 ] B L B S8

1 RIEET
1.1 R R
JE AL K U8 R B AR PO42.5 3% 3 ik 1R K e 100 4.0

VEREH BRI 1R . YR Y5 A BT g 12
GBI F SIS B LR R € {2s §
A1 AERER R AR A0 55 2 R DBABLD 0 R | f‘s’ﬁ
BB R A A5 Ik I 1 R kR A B IS
1£ 100~500 pum, (5 S K1) 94.48% ;5 100~250 pum Ay ?r 105
49.12%;250~500 pum 4 5 45.36%. 1% 22 A Fl X R 0 200 200 500 500

R /um
vl it =y 2240 B *; o
U I Py B A R A S AL AN 3R 2 A0 3% 3 0TS 5 B R 5 | AR R 4

Fﬁ'ﬂgﬁ%ﬁa/ff\%%/é§ﬁj E/‘J Iaﬂﬁ%@a%% Fﬁq@ﬁ\ ’ /ﬂ\:ﬂf‘% Fig.1 Grain size distribution of Wulanbuhe aeolian sand
2H AN 3R 4 B s s AR R B RO A TR A
B3 A 9 CQJ-1SS02 B R AR MR Ul /K 711, i 7K %y 25% .

Fz1 KRBTSR

Table 1 Cement performance index

9 /% HE/(g-cm™) FRUEI K& /% %)% /min 258 /min U P Be e i/ %
1.4 3.12 28.5 180 395 A 1.3
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Table 2 Physical indexes of Wulanbuhe aeolian sand

YR EE/(kg-m™) T E/(kg-m™) 23 B/ % HIKAR% ERlA ) EHER IR
1375 2 600 48 0.4 2.2 0.6
x3 L=mMRABLFAR

Table 3 Chemical composition of Wulanbuhe aeolian sand %

Sio, MgO AlO, Na,O Fe,O, K,O Ca0 C HoAth
69 2 10 2 3 3 5 4 2

R4 BEBRERALZAKR

Table 4 Chemical composition of calcium carbonate whiskers %
CaCo, Sio, MgO ALO, Na,O Fe,O, P,O; MnO
73.38 22.9 0.81 1.24 0.75 0.76 0.02 0.13
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FKIE , B 0%.0.05%.0.1%.0.15% .0.2% . 0.25% . 0.3 % (A B35 5 09 1 iR 55 /iy 20, e 1 7K B2 1L oK 0.45 19 KR
YRIR BE e 1D FR O 40% , I K 7 1B Bl IR BER BEAY 0.5% , IR EE H LA FL i3 S TR, Bk kg/m’,
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Table 5 Mixture proportion of aeolian sand concrete

4153 ke IR K R AT iy RV WokF AAUE
F60J0 285 71 160 1130 302 452 1.78 0.0
F60J5 285 71 160 1130 302 452 1.78 1.4
F60J10 285 71 160 1130 302 452 1.78 2.8
F60J15 285 71 160 1130 302 452 1.78 4.2
F60J20 285 71 160 1130 302 452 1.78 5.6
F60J25 285 71 160 1130 302 452 1.78 7.0
F60J30 285 71 160 1130 302 452 1.78 8.4
F40J0 285 71 160 1130 452 302 1.78 0.0
F0JO 285 71 160 1130 754 0 1.78 0.0

1 :F60J5 1 F60 27 MR VD B K 0 60% ,J5 FoR i R FB 1 0.05%
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Fig. 2 Variation of compressive strength of whisker aeolian sand concrete with age
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Fig.3 Variation of splitting tensile strength of aeolian sand concrete with age
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Fig. 4 T, spectrum and pore distribution curve of whisker aeolian sand concrete at different ages
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Fig.5 Proportion of different pore diameters of calcium carbonate whisker aeolian sand concrete at different ages

1.2 -
—&—7d

—o— 28d
1.1+

! I I I I I I I |
F60J0 ¥F60J5 F60J10F60J15F60J20F60J25F60J30F40J0 FO0JO
25

6 AEIHRHRERSRARRIDRELHFLIRE

Fig. 6 Porosity of calcium carbonate whisker aeolian sand concrete at different ages
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Fig. 7 Internal microstructure of calcium carbonate whisker aeolian sand concrete under SEM
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Table 6 Fitting coefficient and correlation coefficient

b B
215
a b R’ c d e R
F60JO 15.368 5 0.288 67 0.988 27 1.503 49 0.012 78 1.372 56 0.981 71
F60J5 17.045 7 0.258 62 0.971 99 1.746 59 0.081 18 0.823 64 0.969 92
F60J10 19.256 5 0.249 61 0.967 22 1.168 61 0.475 95 0.416 92 0.980 27
F60J15 21.1499 0.269 02 0.991 31 1.429 41 0.352 03 0.501 09 0.978 64
F60J20 23.586 5 0.218 19 0.997 23 1.106 85 0.520 84 0.460 39 0.989 99
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Fig. 8 Fitting of compressive strength and splitting tensile strength with the optimum content of whisker
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