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Early autogenous shrinkage performance of PVA-FRCC mixed
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Abstract: In order to study the early autogenous shrinkage characteristics of polyvinyl alcohol fiber cement-
based composites (PVA-FRCC) mixed with aeolian sand and establish an autogenous shrinkage prediction
model, this paper takes aeolian sand replacement rate, fiber volume rate, water-binder ratio and sand-binder

ratio as research variables. The autogenous shrinkage of the material within 7 days was tested by shrinkage test,
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and the influence of various factors on autogenous shrinkage was summarized. The pore fluid saturation,
porosity and pore size of the specimen were tested by low-field nuclear magnetic resonance test. The influence
mechanism of aeolian sand on autogenous shrinkage is revealed. The results show that aeolian sand has porous
water absorption and small elastic modulus. When the water-binder ratio is small, the autogenous shrinkage
increases with the increase of the replacement rate of aeolian sand. When the water-binder ratio is large, the
autogenous shrinkage decreases with the increase of the replacement rate of aeolian sand. The internal curing
effect of polypropylene (PVA) fiber reduces the autogenous shrinkage. When the water-binder ratio is small, the
chemical shrinkage caused by the hydration reaction increases, resulting in an increase in autogenous shrinkage;
the increase of sand-binder ratio increases the absolute content of aeolian sand, which leads to the increase of
autogenous shrinkage. The overall pore size of PVA-FRCC mixed with aeolian sand is small, and the most
probable pore size is about 10 nm. The increase of pore porosity after the increase of aeolian sand replacement
rate is the main reason for the increase of autogenous shrinkage. Finally, considering the influence of various
factors, the early autogenous shrinkage prediction model of PVA-FRCC mixed with aeolian sand was
established. The calculated values of the model were in good agreement with the experimental values.

Keywords: aeolian sand; polyvinyl alcohol fiber cement-based composites (PVA-FRCC); autogenous

shrinkage; pore evolution; model of autogenous shrinkage
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Table 1 Chemical composition of raw materials
ZEs ) - - -
Na,O ALO, Si0, S0, Ca0 Fe,0, MgO TiO, PO, K0 Cl F
KR 0.64 6.16 21.87 4.24 57.72 3.68 3.93 0.44 0.10 0.88 0.14
I 1.14 34. 36 50. 65 0.85 3.57 4.50 0.92 1.44 0.34 1.77 0.18 1.42
Y/ 0.27 1.84 40.76 0.12 22.14 0.49 32.52 0.07 0.03 0.22 0.03 1.42
F2 PVAF4RE HEYPI(IGI/T 70—2023) #EAT i RS2 40 mm X
Table 2 Properties of PVA fiber 40 mm X 160 mm, ﬁtﬁ:ﬂlﬁlﬁﬁﬁﬂjﬂffﬁ 4 Sk o
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Table 3 Mix ratio of the material

6 T

Bt MRV HURER/ 0 SRR/ 0 KR B
S1 0 1.0 0.25 0.35
S2 30 1.0 0.25 0.35
S3 60 1.0 0.25 0.35
S4 30 0 0.25 0.35
S5 30 0.5 0.25 0.35
S6 0 1.0 0.35 0.35
S7 30 1.0 0.35 0.35
S8 60 1.0 0.35 0.35
S9 0 1.0 0.45 0.35
S10 30 1.0 0.45 0.35
S11 60 1.0 0.45 0.35
S12 30 1.0 0.25 0.45
S13 30 1.0 0.25 0.55
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Fig.1 Specimen, test instruments and equipment
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Table 4 The basic mechanical properties test results

L b o/ MPa f./MPa f,/MPa e/ %0
s1 40.05 39.10 3.03 1.24
S2 41.80 41.67 3.10 1.26
S3 40. 90 40. 46 2.96 1.19
S4 32,40 32.45 2.00 0.32
S5 37.65 36. 24 3.19 1.30
S6 31. 80 27.36 2.32 0.79
S7 22.21 21.92 2.57 0.95
S8 23.21 22.90 2.50 0.92
S9 11.50 10.05 2.08 0.43
S10 10.07 9.80 2.27 0.62
S11 12.10 11.55 1.83 0.30
S12 42.70 41.80 2.78 1.06
S13 45.90 45.20 3.63 1.31
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Fig.2 The effect of aeolian sand replacement rate on autogenous shrinkage
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Fig.3 The effect of aeolian sand replacement rate on total shrinkage
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Fig.4 The effect of aeolian sand replacement rate on proportion of autogenous shrinkage
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Fig.5 The effect of different fiber volume ratios on autogenous shrinkage and total shrinkage, and the proportion of
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Fig.6 The effect of water-binder ratio on autogenous shrinkage
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Fig.8 The effect of water-binder ratio on the proportion of autogenous shrinkage



% XX #

EEF,E . BHBRRVEGPVA—FRCCTH A £ k%40 7

2.4 WELEHFm

B9 (a) Ry 0 B b [ AR Wi g i g ma . fl BT 9
(a) T UL, AR R 45 e, 6 A0 e L 45 s 7 488 O, D e 1
MO, 3542 = #) 0. 55, [ AL W 45 5 m 31. 87% . JRIA
SR AR T KB 4 25 B, AL %
(S 21 NP O i B o N AR R T 9 1

BB A K fR I T4 AL e A R, 9
(b) ()4 K B0 I H et A4 1 2 K o L
W PO (o) L B IR K, a B, BRI W e,
B9 K 22 BT K VRS T M 4 1 BEL S A PR B 3 (i
S RN , 1 A O o K

500 | —=— 52:30-1-0.25-0.35 1200 |- —*— 52-30-1-0.25-0.35
—o—512-30-1-0.25-0.45
—— 513-30-1-0.25-0.55

—o— 512-30-1-0.25-0.45
—+— S$13-30-1-0.25-0.55

—=— 52-30-1-0.25-0.35
—o— S12-30-1-0.25-0.45
—+— S§13-30-1-0.25-0.55

a0}

<% 200 | = 600 S 0l

400 |
100 |

200 F

or ot

. 0 .
1 2 3 4 5 6 7 1 2 4 5 6 7 1 2 3 4 5 6 7
15 Wd WA WA
(a) AW e, (b) 24 e, (c) AEWH bt a

B9 AR AERSE. . CUFHFZMEBEWS L

Fig.9 The effect of different sand-binder ratios on autogenous shrinkage and total shrinkage, and the proportion of

autogenous shrinkage

Zi L RTak 27 DLW/ R 2 H A, ) S11-60-1-
0.45-0. 35 A B A& LA, HHFE 4 R T XY,
Ji Bk A R BB D R e MR R R . AT
SPERE R PE e SRV R R LTS T 2R VAN
S12-30-1-0. 25-0. 45 H A AL A HL B AR -

3 KD PVA-FRCC FLEEE L 4F1E

BE OB B AL 0% .30% F160% Y
S1.82.83 =il fF, s SIFEB I 1.2.3.7 d #EATAIK
Y 5, LA 7R A [ B L B RR AE A X AR
W A 1 52 e BIL AR ORE LR 43 R A/ B 4 AL (5~50
nm) . % K FE 40 fL (50~100 nm) K& K L ( >100
nm) ™, H A KL R B AL R KA &= A5k Ty,
PRI AN 25 51 B 18 WS4 5 T3/ 6 4 AL i 7K R K Ak
Y RS A T, T A B ALK T, B R A
W4
3.1 FLBEARMEEE

B 2 I o M Ol = 3 S I/ N S S R G 3
55 A0 TR 2E AR, B 1) st R B E) T,>>10 ms AR AR R
A AR, T,<<10 ms M AR i im ik . B i
TRAR RN BE S, A0 S 0 A 00 I BE S, o0 ) A fl I AR
AR 3 R T o LB A R B A, T T S K
Ye S P LB K/, S BB KL S B RALZ
S e WU 5 BH /N AL 2219, B A 4R A B 1 AR Ak R i T
FL B Y A5 Ak, FL B Y AR A B e T K Ak R N i AT R
JE AT ) 4 S WM A AR AR O o AR S T A R
i i 390 72 ke il 28 40 18] 10 FF R .

F 10 AT %01, BE i 3 3, S, 8 #i BRI, S, B

20 96
—n—S1 [ Hfifk —o—S1 RAfiik
—e—S2 {illififk —o—S2 KAk
—*—S3 [ itk —w—S3 KA

16} . o2

St 1%
Sui 1%

1 2 3 7
g uT!

E 10 REEMERRPTE L
Fig.10 The variation curves of fluid saturation with age
WG o X2 DR A B 0T K A B A R [
FH 7= TR AE LB A o LRI R L e A O B/
L, 7 R BR B A A Wi A 5 TR, FL A A 52 21 9 6
240 L 5K T L )W B T K G S BE D R R L R )
FI K 285 oK Al BN e Ak o 5 5 K, B IR 3 R
HIPE 1036 7] DL i AR P AT BEE 1~ 2 d N2 fl fe e,
2R ARG, FE o R T KA R AE T ~ 2 d R
S IRVEL 7R KA P W 22, A i R 1) R
PR P e Ak, =2 Jim 7K A S IO 22 WAL 1A A R EE ) AR
B E . 52 XN, I8 2 A fE 1~ 2 d N
RV, 22 J 0 el 2%, WA A R TR R B
TR AN AR & o
A 60% # S3 R AE 7 d A IR 1 R BE Y AR
B3 57 I R S3 I AR R B, 2
FL K P B PN SR 40 1 R, 72 7 d PN BEAS I R
B4 AL P B9 K 23 BER AL R REHEAT  BOK A7 ) A T
A (A M R AR AR AT 0 AL 3004 Y
S2IMFTE 1 ~ 2 d N R A A0 B2 AL A de b, =22 0 T 2



8 K5 3% £

FAROF & L)

% XX A

I 2% , R XUBR Vb R A /N DKL X &) HLAR THDE
FE H RIS o K U AR A4S B0 R, K e 2K g
i 30 2 35 2 M B 35 A XURR VD 0RE R WL 2 T K
PR BE AR IR AT A5 e A o (Ll T AR v
BORARAN R, IR I 1 T8, ) 390 P9 o oK 2 sk 20
Ja AN RE 35 2 D K A BRE AR BB oy, K AR ik A
BT A4 AN B S AR A B /N o S3AAE T d IS,
AN (St K Tl B AR AL B R R AR S T

A YA SE WA 5 WA B ROR TR R R A AR Al
B hr M EDIE T 2Ca) FP ol s e e R R LA ¢
3.2 ALEES5AESH

FL B A 15 AL AR 23 A B8 S W 7K ¥ 3 A4 K Ak B
PR, 2 W1 4 LK 3 R/, AT AT (8] 45 B e [ Az
We e 175 00 o P 1T S B REAE A () % 400 B9 FL A o A il
2L, it 2 5 R Al b B0 TR £ T ARSI TR R AR 9 AL
B A, FLAR DX Ji] 55t 2 0 TR i T ARBR K L i AL AR IX

FLERAR /N, 29 9B R K 43 HOR B8 A i 30, [i] Y FL B R 2
016 —u 016 —u o2 p—r
- —2d —_
7 o /\ — 0.16 b
g 0.12 < \ < f
¥ b 3 0.12
<J’§ 0.08 ﬁ 0.08 :E:
Gl “ $40.08
= = =
0.04 - 0.04 - 0.04 F
x=5 x=100 x=5 x=100 x=5 x=100 ¥
000 1 1 1 L 000 = 1 1 e SR X 0 1 1 Fa—
10t 10 10t 102 10° 10°  10° 10t 10 100 102 10°  10*  10° 10t 10 10t 102 10° 10*  10°
fLA#2/nm fL#/nm FLA/Inm
(a) S1 (b) S2 (c) S3

11 S1.S2.S3 FAL#Z5 sk
Fig.11 S1, S2, S3 pore size distribution curves

p P 1T AT L 2 1) 3 A3k 4 i AT JLFL AR AR 2 7
10 nm 247, FLBRJE F B 404l . vl 0L, i T XU VD ot
KR AE /N, H458 KWL Y B) PVA-FRCC fL 1% % &
BN 2)1~ 7 d Y25 M2 5 8 A b [ T AR Tk i
JIN U WD B B R, Rk P S L B R R O /N . 1
d BF S1.S2 F1 S3 3K 44 K F 100 nm # FL B R 43 1) S
1.87% .2.13% K& 1.87% ,7 d i} b & B {H 43 51
1.31%.1.36% M 1.12% . J5t B J2 Bt /K Ak )2 1y ik
17, FL B 2 B gl K Ak 7= Wy 35, KAL) AN LG Ak F
A 3% W AL S A el R AT O Ak 2R e B R fL
B s/ 5 RS ) B A4 AR RS o, e B K. 3)
W 1 ~ 3 d /45 i Ze ik 204 55, 78 50 ~ 100 nm X
[ B 65, 108 B A 7 I DX ] 7 5 R L AL B % A
2L B 7 d £ A 50 ~ 150 nm X 6] (19 3F & A
B, TR A 3 ~ 7 d P K AR S A A 35 5 K
WA R LR B R ALALBR R T e 2 . 4) BB
B A B il Ze (8 ) 22w A%, R B AL 3R &
B AR R P B ORHURL 3 2, 5 3 b RE T AR T 2 )
fLANFLARFLBR RIS K . bRt i FANLiR 2, B A
Bk F 38K, AR AR B, R IR AR G b A R T
P 2(a) i 7s W 4 3 56 245 21

4 RHBEWmETNEER

B ARG A E. Tazawa A Hashida-
Y amazaki 155 % & Bentz i 8 £:20281 0 H i Hashida-

Y amazaki™ B A H 2 g T BE AR A 0 IR 4 B R
Bentz” #5511 55 5 AR R R B 45 R B, SE AN
2% E. Tazawa ™ 158 2% 8 7 /K g He 7K Y 28 7Y R
AR SR 2 R S, 6 TR EE MR A AR I
R TI ARG T . 2E# R E. Tazawa BB JE 171154
I 5 A AT X H S5 SR E 12 PR o
e 12 SE8 M 5 E. Tazawa #5581 48 %f [,
H E. Tazawa 5 Y X 52 56 0 86 #4790 & o Hrml 45, 3
FheRE B R* 43518 0. 958 45.0. 909 85 F10. 157 59, 1]
TLER 3R 0 5 LG AR OGRS 2 . IR IR T E.
Tazawa f B2 56 TR BE + 17 A 045 i 00 A A
WK AL Fn 5 52 5 v 48 XA ) PVA-FRCC #
AN 3 AN TR R 2 e XURR VD BRAR 3R R 2T A R R
RAGATXMEZWEm, FEELHTEABHYY
PVA-FRCC H 4 W46 1T 53 iR BE 4 2% o il 2% 1 XL
D B R 27 R FBUR KR L KD i b 25 2 1A
B S OA BRI SR g s B R Y
PVA-FRCC ] A= Wi 4 A D, 45578 o 37 (1 S AR
L L e H 2 ORI HE AR IR RS S R ) R
S50 AR B e, FEOR FHCAE K R L0
S B ] TG At BB 2R A 5 ML A9 R A A A e A
BRI AL (2) ~ K (9)
w

Eﬂg( Z‘) — eas()(

s (2)

)ﬁ’a(z)



% XX # IEF X . BRBRIVGPVA—FRCC T4 A A Km0 9
o smm o Sl o i
S0 ez 3 300 F — gzt — WA 3
200 |
400 - 3 s °
° 8 °
- 300 ° © °
£ S 100
<% 200 | B °
) ° °
100 | ol o
ob g °
1 2 3 4 5 6 71 1 2 4 5 6 7 1 2 3 4 5 6 7
W Hd 5 1A/d 1 Wd

(a) KK H0.25

(b) K 0.35

(c) /KL H 0.45

El12 EI{ES5 E.Tazawa R i 2 33 LE

Fig.12 Comparison of fitting curves with experimental values and E.Tazawa model

W\ _aoron 12
€0 el = 3070e X +210.4 (3)

o

g0 =1— ey, (4)
b =0.051V,* — 0.89V,° — 0.09V,+ 1.48 (5)
b, =0.02A,%* — 0.21A,"* — 0.02A,+ 0.3 (6)

S\ S
/e;;ZO.18() —O.16()—O.26 (7)

AP e (O R (b A A 0 ;saso(?/ )jﬂ

1 2 i 4 3 (i ;%%M(H?c s 8.0 1 2 i 4 B

K Z B0 e R AP L d s 1 9 D G TR T L d
(2-t) HU1 ~ 7 ds &y Ty 7 YR AR WA R Vi Ok 45 4
PR 5 oy Sy VR VD AR AR 2R 5005 AL R VD

. LS , .
ﬁ%;ksﬁ@%%?ﬁﬂ@%ﬁ;gﬁ@ﬂitt;a\b%ﬁkﬂﬁ?

B B
= 077(W)2+034 (5 HREAE
e ' Pl 13 5 6 07 5 458 780 00 4 o 2 XF L o R 13
140(‘j,)’“ A4S, 3FE B A R* 4351 0. 91.0. 98 F10. 99, 5 5%
p=" (9) (M TIT M SCHE B AF . A PR 3, 0 T
10(3) AR R 357 A S 0 A MR R R R %
H A& PR 2R 8] AH B I B 258 52 2%, AR SCpE A 13
B IBCfi 1- FIR A / BE hy 5
600 300
o i o W
500 — Mz — W
400} 2008 °
“"%300» oigm 100
© 200} ©
100 or
ol 100} °
1 2 3 4 5 6 7 12 4 5 6 7 T s 4 s 6 7
1151/ e I 1 44/d
(a) JKIEHH 0.25 (b) KA 0.35 (c) AKBEHEH 0.45
13 IHESERLSGMZEITIT
Fig.13 Comparison of fitting curves between experimental values and the model
5 i EE R AR 21 0. 25 B B 22 Wie 4 W 19 K, d K R Ok

1) 7K g Fe 3 /N RUBR VD AR 3 i, 3 2B i
20 K 5 7K e A I KB T BROAR 238 11 5 i A o
JKIEHE R 0. 25 1, Al 60% B3 14 LE R 38 XUEH 70
BOIRPE A W 4E 4 5 31, 63% ; PVA SR 4y N 5 4
YEFBEAR T A A i, 5 KB IR R 28. 920 5 K L
9 0.35F0. 45 (4 A AR W 4E A 22 A £, (H K

60 %6 5 b I B B w5 i 1 A o A 1 R (F R o A A Ak
BN,
2) I\ 12 1k il M 4 M BE S KRURR VD R S L
T 258 PEA L 24 KR YD SRR A PV A £ 2 (R FRLA
K F AR /N D R B AR A B R A B R A
3) AR AN AE e 1 ~ 2 d AR A s B K



10

T KRE5x3 £ FROPE

% XX A

HUP B PVA-FRCC B LA B/ i 1R B n] JLAL
FeAE 10 nm Ze A7 s MRV BOPCR B i, /ALY FLBRE
B DN EE R (SR L S T N

D ESTPB XY PVA-FRCC B A A4 Ik 45

TN AR T A S SR W) A B, T OB KR
B PVA-FRCC 4] 7 A= e 4 il 482 {1 5 2%

S % Xk
[1] Wk, BB, 205, % o E DB TR

[6

[a—

[—

[a—

[

]

[

Bt 5 K TR T IML A s i [ 2K R KR S R
2013: 244.

GAO Y S, CHENG R E, LI Y H, et al. Study on
engineering properties of aeolian sand in China desert
and its engineering application [M]. Beijing: China Water
&. Power Press, 2013: 244. (in Chinese)

BIAZR , ARARIGE , BEEOR, S5 BT 45 di o R - sk Ak
A T R B T PR 5 A [T]. Al TR A
2019, 35(2): 161-167.

SHEN X D, ZOU Y X, XUE H J, et al. Effect of
aeolian sand content on durability of concrete under
freezing-thawing-carbonization coupling [J]. Transactions
of the Chinese Society of Agricultural Engineering,
2019, 35(2): 161-167. (in Chinese)

XeHEIe, X, w5 KRN R BE - 07 = PERE AT
FegR (] REE L, 2021(6): 47-52.

DENG B Y, LIU Q, HAN F X, et al. Review of
research on mechanics and durability of aeolian sand
concrete [J]. Concrete, 2021(6): 47-52. (in Chinese)
YANG Y Z, YANG E H, LIV C. Autogenous healing
of engineered cementitious composites at early age [J].
Cement and Concrete Research, 2011, 41(2): 176-183.
AR, 7 oo o P K R R AT G B RLATT 5 U R B
HT RN AT] 2R TR, 2008, 41(6): 45-60.

XU S L, LI H D. A review on the development of

research and application of wultra high toughness

cementitious composites [J]. China Civil Engineering
Journal, 2008, 41(6): 45-60. (in Chinese)

KA, SR, SR REE T A S S TR — R
B R HAE Wi v B g R T (T). KR 24 4R, 2012,
431 1): 13-24.

ZHANG J, HAN Y D, GAO Y. Integrative model of
autogenous and drying shrinkages and its application in
calculation of shrinkage-induced stresses in early-age con-
crete structures [J]. Journal of Hydraulic Engineering,
2012, 43(Sup 1): 13-24. (in Chinese)

TFy, PAERY, SR, A VD BIED- R JE A B WA R
PE[T] A RERL 2 5 TR AR, 2021, 39(6): 1021-1027.
WANG D, CHE J L, SHU H B, et al. Shrinkage
properties of desert sand cementitious materials [J].

Journal of Materials Science and Engineering, 2021, 39

[8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

(6): 1021-1027. (in Chinese)

AR, AR, RRE, G5 BV IR BE L4 T8
A w7 (], fERR R 4, 2016, 35(4): 1213-1218.
LI G F, SHEN X D, WU J C, et al. Experimental
study on shrinkage deformation of aeolian sand concrete
[J]. Bulletin of the Chinese Ceramic Society, 2016, 35
(4): 1213-1218. (in Chinese)

KR, 2R ARV =X KU RE R A )2
PEBE 5 W A Y 52w [T]. 6 R 4R, 2020, 39(5):
1421-1429.

SONG L R, LI B Y. Effect of aeolian sand content on
mechanical properties and durability of cement stabilized
graded macadam [J]. Bulletin of the Chinese Ceramic
Society, 2020, 39(5): 1421-1429. (in Chinese)

AN, AR, RRE, G5 BV IR BE L ) B ik
45 75 TV 19 5% o R 2R F 5 R BO(E AR ik e 6 o 41
2018, 37(3): 996-1002.

LI G F, SHEN X D, WU J C, et al. Experimental
study and numerical simulation on the influence factors of
self-shrinkage deformation of aeolian sand concrete [J].
Bulletin of the Chinese Ceramic Society, 2018, 37(3):
996-1002. (in Chinese)

nEg Al B, AN A AR P AR R g L R
IR PRSI R 52 R [T]. 5 PR A2 24, 2009, 32(2):
168-172.

YE J X, LIAO J Q, YANG C H. Influence of fine ag-
gregate on initial shrinkage of high performance concrete
[J]. Journal of Chongqing University, 2009, 32(2): 168-
172. (in Chinese)

FARE, FExwJ7, XIHEM, 45 . 9450 F PV A 27 44
K U8 A BRI TT 24T S 0 s e (D], UM R 2
iz, 2022, 25(7): 744-750.

WANGJY, ZHUANG Y F, LIU F F, et al. Effect of
shrinkage reduce admixture and PV A fiber on shrinkage
cracking behaviors of ultra lightweight cement composite
[J]. Journal of Building Materials, 2022, 25(7): 744-750.
(in Chinese)

EEW, KT, XEE . PVA-FRCC W4 fE 2 5 BF
FELI]. HE SRR, 2020, 23(6): 1289-1296.

WANG Y Q, LIU X, LIU S G. Experimental study on
shrinkage behaviors of PVA-FRCC [J]. Journal of
Building Materials, 2020, 23(6): 1289-1296. (in Chinese)
SRR, BAGE, N, SE L KA R 1R IR BE L
A SRR R R AIE 9T e (T, fERR ER 44l , 2022, 50(11):
3009-3020.

ZHANG Y Y, MAO Q J, LI S T, et al. Research
progress on super absorbent polymer as internal curing
materials of concrete [J]. Journal of the Chinese Ceramic
Society, 2022, 50(11): 3009-3020. (in Chinese)

SKRE BT, BN, R, S5 K P RS YK TR b
HA T Wi A P e Y 52 [T]. A BUBORL 2 4R, 2018, 21



% XX #

EEF,E . BHBRRVEGPVA—FRCCTH A £ k%40 11

[17

[20

(3): 472-477.
ZHANG G F, LU X P, HE R, et al. Influence of super
water-absorbing polymer on the long-term shrinkage of
cement mortar [J]. Journal of Building Materials, 2018,
21(3): 472-477. (in Chinese)
] ZHU L L, ZHENG M L, ZHANG W, et al. Evolution
and mechanism on shrinkage of high-performance con-
crete with full aeolian sand cured by superabsorbent poly-
mer [J]. Construction and Building Materials, 2023,
400: 132846.
L% VA Q1 i 15 R N B VA B 1 Tl =R e R Y e
ZUERERT ST M OB, 2015, 18(5): 742-748.
HAN S, AN M Z, GUO R, et al. Crack resistance of
ceramsite self-curing high performance concrete [J].
Journal of Building Materials, 2015, 18(5): 742-748. (in
Chinese)
WANG Q, XIONG Z H, ZHANG J, et al. Impact of
polyvinyl alcohol fiber on the full life-cycle shrinkage of

[

cementitious composite [J]. Journal of Building Engineer-
ing, 2023, 63: 105463.

] MENG W N, KHAYAT K H. Effect of hybrid fibers on
fresh properties, mechanical properties, and autogenous
shrinkage of cost-effective UHPC [J].
Materials in Civil Engineering, 2018, 30(4): 04018030.

I RS IR A R K 98 U7 ¥R b E : JG/T 70—2023

[S]. dbst: oA Toll ke, 2023.

Standard for test method of basic properties of construc-

tion mortar: JGJ/T 70—2023 [S]. Beijing: China Archi-

tecture &. Building Press, 2023. (in Chinese)

o SIE P 2T 2 1 58 K R R 2 G B R g 2 v R T 1

JC/T 2461—2018 [S]. dbat: « @A Tolk th tdt:, 2018.

Standard test method for the mechanical properties of

Journal of

[l

ductile fiber reinforced cementitious composites: JC/T
2461—2018 [S]. Beijing:
Industry Press, 2018. (in Chinese)

China Building Materials

(22]

(23]

[24]

[26]

(27]

(28]

22 0T . P AR AN B RS KU b SRS A A R 1 R T B AR
BLI [D]. B a: ZRR K, 2020.

LI Z. Influence of recycled fine aggregates on shrinkage
of cement mortar and its mechanism [D].
Southeast University, 2020. (in Chinese)
BEECH, MR, 48FHE, % . 3T NMR AR IE
EE 1 R L B R B 5 (0], @ HUAORL 2 4R, 2019, 22
(2): 199-205.

XUE H J, SHEN X D, ZOU C X, et al. Freeze-thaw

Nanjing:

pore evolution of aeolian sand concrete based on nuclear
magnetic resonance [J]. Journal of Building Materials,
2019, 22(2): 199-205. (in Chinese)

TAZAWA E I, MIYAZAWA S. Experimental study
on mechanism of autogenous shrinkage of concrete [J].
Cement and Concrete Research, 1995, 25(8): 1633-
1638.

HASHIDA H, YAMAZAKI N. Deformation composed
of autogenous shrinkage and thermal expansion due to
hydration of high-strength concrete and stress in rein-
forced structures [C]//The Third International Research
Seminar in Lund, 2002: 77-101.

CHAUBE R, KISHI T, MAEKAWA K. Modelling of
concrete performance: Hydration,
mass transport [M]. London: CRC Press, 1999.

BENTZ D P, GARBOCZI E J, QUENARD D A.

Modelling drying shrinkage in reconstructed porous mate-

microstructure and

rials: Application to porous Vycor glass [J]. Modelling
and Simulation in Materials Science and Engineering,
1998, 6(3): 211.

VAN BREUGEL K. Numerical modelling of volume
changes at early ages-Potential, pitfalls and challenges
[J]. Materials and Structures, 2001, 34(5): 293-301.

(%% XXX)



