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Effect of curing environment on early shrinkage performance of concrete
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Abstract: In view of the influence of curing environment on the early shrinkage performance of concrete, the early free
shrinkage test of concrete was carried out by using the contact type vertical concrete shrinkage meter. The effects of different
temperatures (10 °C, 20 °C, 40 °C) and humidity (RH60%, RH90%) on the early shrinkage performance of concrete were
studied. The results showed that: (1) The effects of temperature on concrete shrinkage is obvious. In 1-day age, regardless
of the relative humidity, the shrinkage rate of concrete will increase with the increase of temperature. At 14 days of age, the
increase of temperature will increase the early shrinkage deformation of concrete, but reduce the long-term deformation.
Moreover, the higher the humidity value is, the more obvious the effect of temperature rise on concrete shrinkage will be. If
the temperature rises too fast or too high, the hydration reaction will occur quickly in the early stage of concrete, and more
hydration products will be produced to form a stable structure to resist the late deformation. (2) The effects of humidity on
concrete shrinkage is obvious. In 1-day age, under the ambient temperature of 10 °C and 20 °C, the shrinkage rate of concrete
increases with the increase of humidity, indicating that humidity is beneficial to the early hydration of concrete. At 14 days
of age, the shrinkage of concrete under RH60% condition is significantly greater than that under RH90% condition, and with
the increase of age, the effect of humidity difference on the shrinkage rate of concrete is gradually strengthened.
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Table 1 Physical and mechanical properties of cement

VI A P58 E/MPa YU /MPa
min - min 3d 28d 3d 28d
160 210 57 8.5 28.8 61.9

Fx2 HERRE
Table 2 Grading of coarse aggregate

JiFL R~ /mm B IRAR %
<2.36 98.8
2.36 96.3
4.75 94.1
9.50 69.6
16.00 0.0
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Table 3 Proportions of concrete mix

bRe KIR/(kgm®)  Kikgm®) FFlkg/md) T/(kg/md)

C30 325 185 1228 662
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Fig. 1 Apparatus for shrinkage test
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Table 4 Parameters of curing environment in concrete
shrinkage test

T kAt S TR EE/°C AR E /%
10 °C-60%RH 10 60
10 °C-90%RH 10 90
20 °C-60%RH 20 60
20 °C-90%RH 20 90
40 °C-60%RH 40 60
40 °C-90%RH 40 90
Wit E TR (D FR:
h=5;h (1)
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Fig. 2 Effect of temperature on shrinkage performance of C30
concrete
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Fig. 3 Effect of humidity on shrinkage performance of C30
concrete

5 K TRHO0% S FUZE R, 14 difb iUk 4s 218
N120.3x10°, HRHO0% 241 HIVREE - I 4i R e L
WS, HRSIGEEAE, RHI0%%M: T R+
WCARAERT12 AR R, BAEMZ JE UG Ik 2% «
wE3 (b) FroR, AEEEE20 °CHY, JR#EE 78
RH60% 2% 1F T US4 % B 32 K F RH90% 26 #F T 1)

WA FEREES HAM BN, WERE 25 5 S K ut VR vk
YRR 5o, 14 dES AR 22 1E M 141.8%10°9,
T = R VR E - L HAUS 48 i e e SR K i P A O
{EAERHI0% 5% £ N IR ik 176 55 — R P H B ik B
B, FRBEE RS I 3K fE VR R AR B R R
Wedi. AT LRI, TREELAMTIE IR R
KA R, JUHST B BRI s R, T’
EEYIRIRES N EARER B HK, FERIE R LR,
WIBERZAKSFAE, BERAT TR
K, TREE AR AT DLOREFE I AR . B AK AL
SN, TR FLEE MRS AN, ML, BBk
TET RIS R AR, MR e KA R S FE AL R A5 R 7K
XL RS BLAR 2 1 N S R FE BRI, el S ik
REHI .

w3 (o) Fiw, HEGRE40 °CRf, AIFREE
X # IR g U AR Z s 22 R, P RH60% 1
TR ER R, RIS TERH0% 4 1F R I 4itE
BUAHIE, (HAE1 S f5 2 BE B K, HRH60%%%
PR R B, RHI0%ZAME T VR &E U 46 R ik
THoE, H14 dig U4 %1 K T RHI0%, ZI4H
#£385.5%. IIEIREE 40 °CIF, JREEL 14 dE L
Y 1 2021076,

PR AR AN [ R T S S VR - R e
AR N (R A (e =3 9 ey P i [ R 72
FERMFLEER, AR FIRE KRR, &
(R AP STV ES SRR

SEASERR TR DL, TCRTE A Pl B A BT 2% 1
T, 5 UNE BT TR s, —
IRWE 2, o — T K4 a), 0 =85 3
RIS 4 T = AR IR F 2L, BT DATE VR b TR A 7 4
Ja REATAH G ORI A, 7EBRSUIREE L 5 T LAl a5
FE O AR, WU K (R R B 2R VR
R, HERRTT, VIE S E AT KT,
BN B R A
2.3 RETAREIEEAN s E TEE

Wi R 56345 510 °C. RH60%, 20 °C . RH60%,
40 °C. RH60%, 10 °C. RH90%, 20°C. RH90%,
40 °C. RH90%, AS[EFAES&AF T & 4R EE L1 d.
3dfl 14 dEd SRR TEXT LG, 4. SR,

P B4R 01, 75 AH R AR X 2 90% A [RI L FE 2% A
T, REL4 dBIRGE RN ZE R BCIRH, BT
RHO0% 175 15t T k5 1) A8 A4 Xof VEg 5 - WA 4 1) 52 i) ¢
K, HAEMREE 20 °CHIWSAs 22 ik B 2 M=, 7
[ AE T 52 60% AN [R) L 25 A1 T 5 TR+ 14 ds i



266 bR S

2021 6

A AHZEA KR, HAEL dFI3 d 758 A Wi 22 7 4L
K F WAERHE00%1H Bt IELEE (AR A TRt 11 d -
e A S O, BT R e WA A B T

300 [7710°C, 60%
[120°C, 60%
250 | ‘::_]40 °C, 60% NN

N
o
o

RS (40°)

100
50
0 | AN
1 3 14
5 Hd

(a) RH60%

F77]10°C, 90%
140 1 20°C, 90%
w0l [111]40°C, 90%
~100 1
o
X gl ‘
ﬁ
B 60
40 L
20|
0 AN
1 3 14
Wd

(b) RH90%

E4 SREXTCI0E AL A E)EE AU a1 s RS2
Fig. 4 Effect of temperature on shrinkage performance of C30
concrete at different ages
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Fig. 5 Effect of humidity on shrinkage performance of C30
concrete at different ages
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Table 5 The proportion of concrete shrinkage rate in total
shrinkage rate of 1-day age

10 °C 20 °C 40 °C
3.9/201.9 19.4/273.8 81.6/254.4
RH60%
1.9% 7.1% 32.1%
13.6/81.6 33.0/132.0 44.7/52.4
RH90%
16.7% 25% 85.3%

&6 JREEL3 dIHAMRAEER & B4R EREL
Table 6 The proportion of concrete shrinkage rate in total
shrinkage rate of 3 days age

10 °C 20 °C 40 °C
38.8/201.9 122.3/273.8 155.3/254.4
RH60%
19.2% 44.7% 61.0%
15.5/81.6 85.4/132.0 52.4/52.4
RH90%
19.0% 64.7% 100%
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