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Experimental Investigation on Shrinkage Effect of Ultra-High Performance

Concrete under Steam Curing

LI Bing', YANG Tengyu’, FANG Changle’, LUO Zirun®’, LI Chuanxi’, TAN Ke'
(1. Foshan Jianying Development Group Co., Ltd., Foshan,Guangdong 528000, China; 2.Foshan Transport Technology Co., Ltd., Foshan,
Guangdong 528000, China; 3.School of Civil Engineering, Changsha University of Science & Technology, Changsha,Hunan 410114, China.)

Abstract: Determining the free shrinkage of UHPC is an important basis for analyzing the shrinkage effect of
steel UHPC composite bridge deck. Therefore, based on the UHPC materials to be used in a project, three
batches of UHPC free shrinkage specimens were made, and three specimens were made in each batch. By
testing the strain and temperature of specimens during curing, the free shrinkage strain-age curve and
temperature-age curve of UHPC were obtained. The development and variation law of UHPC shrinkage strain
are discussed. Based on the experimental results, the equivalent time is introduced on the basis of Arrhenius
empirical formula, and a modified model of free shrinkage is proposed. Finally, based on the regression
analysis of the test results, the coefficients of the modified model are obtained. According to this discussion,
the corresponding theoretical UHPC shrinkage stress calculate formula is obtained. The results show that the
shrinkage from time zero to the point that temperature rise to 90 °‘C accounts about 42% of the total shrinkage
during steam curing, and then the free shrinkage developed to more than 95% of the total shrinkage during
steam curing within 48 hours after steam curing with 90 °C. and the shrinkage strain curve will gradually
stabilize during this period. And under the equivalent sealing curing condition of 20 ‘C, the free shrinkage of
UHPC will be basically completed about 40 days after time zero.
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Table 1 Test results of UHPC material properties

B SETRBURE BUUTIREE HLOPURR SO SRR
i SR f../MPa  fi/MPa  JEf./MPa  J¥f/MPa
Sp-1 184.3 48.7 145.6 10.6
Sp2 176.9 44.5 159.7 10.9
Sp-3 186.3 46.3 160.6 12.4
Sp4 181.6 48.5 153.6 11.2
Sp5 178.3 51.9 155.9 10.7
Sp6 184.3 53.5 157.8 11.3

SF-#1H/MPa 181.9 48.9 155.7 11.2

B R % 4.60 0.09 7.40 13.10
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Figure 4 Measured value and predicted value of each specimen
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Table 2 Coeffocient of prediction model
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THE —1278.727 —3.292 —0.376

M 4 A 2 ] LA W, 34t A e 4 3 1 0 4
JNE A S A 55 R A T A LA O R A, 3 K
B AR RPERIA H) 1 0.98 L b, H 3tk £ 1815
152k B £ T ZR BN 22 A8 K o % Z i A& v 4 K Ak
F2 I LA S 1 A I W] (F1 F2 F3 it vk 4k 20 9
I E) 2 505 35 h. 30 h. 40 h) % # i 55 80 W1 )5, 43
9 40.13 d . 38.59 d . 41.16 d, 6B #5748 20 °C T % £
FEP, ARG BT F UHPC B [ W45 2 78 B 8] 25 05 5
40 d 22 A7 HE A 58 WL o T B AR B UR B 0 23 mpR

i

4 B

-

(1) ARE T FH UHPC (1 A Y45 294 726 X 10,
S i) 25 a5, 2 4 2 T B 3k $1) 90 “CH ) e 1 i 4 B K
J 78 7 35 1A MO 46 1 42 % L E A4 90 “CRL F g
7= 48 hJg UHPC /Y [ W 4 fig 52 B 95 % L I, 28 724X
TP T W4 1Y & e E R 28 5 U IR R R
ST BT T B i) A

(2) Hg* of 5] 22 0507V S 1 WAC 408 A A5, A 80 ke T
b BN SR R = B v S N E I T
UHPC F W46 A 55 R i 16 00 o 55 80t 1] 1 5 1 A )
THBR T UHPC [ 0548 10000 A5 Y rb it i) N S5 28000 1 400
BETE R — R T S e a5 i i 4 107 728 1) A JEe ML

(3) fx 2 ] )7 FF 453 UHPC i 45 T900 A5 % i 11 3
55 52 & B4 (a=—1278.727,b=—3.292,
c=—0.376) , Tazawa & Miyazawa f& 1 i] {f: iy UHPC
FO 45 AR . UHPC 32 90 W1 6], AT 35 0 %0 i A
WA 4 K5 PT ER O 0 5 R A I R A R R ) A
HESE A ST I UHPC 724858 20 CF % B i, H
4R AR IR R SR 40 d ZE A RESEAR K R 5E 4



06 D N 2024

to-binder ratio on construction and mechanical properties

2 ST of ultra-high performance concrete[J].Journal of Civil and

References: Environmental Engineering,2020,42(4):164-174.

[91 FHEH MR RS FR P 7 SO IR BE 1 i v R

(11  Z=E. 80 R &% Ol &S MEE IR B+ UHPC J12:4% £ 5% W [C1//2021 4 T ll 2 402 R 58 1 2 18 S8 (F ).
AE S A48 (9] TR Bk At 5E,2018(9):56-62. L 50.2021:838-841,937.

LI Liang, ZHONG Zhenhong,ZHOU Zhicheng, et al. The RAN Guojian, JIANG Yilin, WU Haonan, et al. Effect of
mechanical properties and applications of ultra-high curing method on the shrinkage performance of concrete
performance concrete[J].China Concrete,2018(9):56-62. [C]//2021 Industrial Building Academic Exchange.Beijing,

[2]  RAS, MG ER UHPC N & 59 A 18 5E 1 17 S35 vl 58 2 4 2021:838-841,937.

BRI T2 B, 2023,43(5) :72-77. [10] M, -9k 4 LA % . J6 07 2 X0 0 5 U O
ZHANG lJie, LIN Pengzhen. Reliability analysis of RC W45 F4 R F7 2 M B S 0 09 BIF 5 455 4R 7). Bk R b IR
simply supported beams strengthened by UHPC[J].Journal 2021,40(9):2856-2870.

of China & Foreign Highway,2023,43(5):72-77. XU Xiangbo, YU Yong, JIN Zuquan, et al. Review on

[31 YOO D Y,SHIN H O,LEE J Y, et al. Enhancing cracking effects of microstructure and mechanical properties of
resistance of ultra-high-performance concrete slabs using ultra-high performance concrete by curing regimes[J].
steel fibres[J]. Magazine of Concrete Research, 2015, 67 Bulletin of the Chinese Ceramic Society,2021,40(9):2856-
(10):487-495. 2870.

[4] YOO D Y,BANTHIA N, YOON Y S.Effectiveness of  [11] 251, Xl k28 J0c ot . 5 ¥ R 90006 09 F1 0K 5 9
shrinkage-reducing admixture in reducing autogenous KA CY/PE AR TR¥ S Emm S iR - &5
shrinkage stress of ultra-high-performance fiber- S B2 ARTIE 42,2004,
reinforced concrete[J]. Cement and Concrete Composites, LI Jiahe, LIU Tiejun, OU Jinping. Self-shrinkage and dry
2015,64:27-36. shrinkage of high performance concrete[C]/The fifth

[5] e FRESH TRMARLK SRS TR R Symposium of High Strength and High Performance
TFEH12,2016,49(9):1-8. Concrete Committee of China Civil Engineering Society,
NIE Jianguo.The future of structural engineering in China: 2004.

High-performance structural engineering[J]. China Civil [12] BEEH S5 8 ae iR 8 T i ds 4R [0]. 3538
Engineering Journal,2016,49(9):1-8. i TR 2F4R,2018,18(1):13-28.

[6] HFEAR, BEH 3 BT M e M AR IR G 1 AE S50 i R CHEN Baochun, LI Cong, HUANG Wei, et al. Review of
[J]. AR T H%,2021,54(1):1-13. ultra-high performance concrete shrinkage[J]. Journal of
SHAO Xudong, FAN Wei, HUANG Zhengyu. Application Traffic and Transportation Engineering,2018,18(1):13-28.
of ultra-high-performance concrete in engineering [13]  XUJF . AT 5 40 i B R 3% A oA TR o 1 - 00 ke & g A 750
structures[J]. China Civil Engineering Journal,2021,54(1): WE5E[D]. b5 b 5T 383 K 2%,2017.

1-13. LIU Dan. Research on the early shrinkage-age model of

(71 Z4% 20 JE AL O AT 8% 45 L IC A UHPC 46 78 2t HL 7R 2t reactive powder concrete in different curing conditions[D].
eI 06 5 T B o B [T, P A A4 ,2021,34(8): 18- Beijing:Beijing Jiaotong University,2017.

131. [14] %85, @M 20,5 % 54~ UHPC Uk 46 o B ik 56
LI Chuanxi, ZHOU lJiale, KE Lu, et al. Experimental WF5E[I]. 0 3R 5 TRl 2224 41,2018,26(4):830-842.

investigation and calculation of the torsional capacity of LUO Xia, WEI Jiangang, LI Cong, et al. Experimental
reinforced UHPC rectangle beams[J]. China Journal of investigations of the shrinkage behavior of sealed UHPC
Highway and Transport,2021,34(8):118-131. [J].Journal of Basic Science and Engineering,2018,26(4):

(8] Ml > Ul WAk KK LU o 1 R TR B L T 830-842.

5 Jy 2 A8 5 m [7]. £ K 5 38R TR 2= 4 (o 530, [15] TAZAWA E, MIYAZAWA S. Effect of constituents and

2020,42(4):164-174.
LI Chuanxi,NIE Jie, PAN Rensheng,et al. Effect of water-

curing condition on autogenous shrinkage of concrete[C]//

Proc.of Int. Workshop,London:E& FN Spon,1998:269-280.



% 6 2 R FAREME TR GRS LH KB R o7
[16] KORDINA K R, MANCINI G, SCHAFER K, et al. Tsinghua University, Jiangxi Beirong Recycling Materials

[17]

(18]

[19]

(20]

(21]

[22]

(23]

[24]

Structural Concrete Textbook on behaviour, design and
performance (Second edition Volume 4) [M]. fib. The
International Federation for Structural Concrete,2010.
B T, PR A R IR SR P B s s TR B
20 5 B 1 A W 46 T BE B S (9. HR AR B, 2020, 40(3)
100-107.

ZHAO Xinwei, XIAO Rucheng, SUN Bin, et al. Study on
shrinkage performance of composite bridge deck with
ultra-high performance concrete cured in normal
temperature[J]. Journal of China & Foreign Highway,
2020,40(3):100-107.

ACI Committee 209. Prediction of creep, shrinkage and
temperature effect in concrete structures[R]. Detroit: ACI,
1992.

DILGER W H, WANG C. Creep and shrinkage of high-
performance concrete[C]/SP-194: The Adam Neville
Symposium: Creep and Shrinkage-Structural Design
Effects.American Concrete Institute,2000.

XUZEHRS I PR by AR B A i B IR B 5Y (D] L
AU AL AT ATIE K 42,2008,

LIU Taisong.Study of reactive powder concrete shrinkage
theory and experimental research[D]. Beijing: Beijing
Jiaotong University,2008.

YOO D Y, KIM S, KIM M J. Comparative shrinkage
behavior of ultra-high-performance fiber-reinforced
concrete under ambient and heat curing conditions[J].
Construction and Building Materials,2018,162:406-419.
A% 20 J5 B IR 5RO B A OB B 20 A B TR UHPC W 4
RO IR [J]. v [ 4 6 2 41,2023,36(6):94-106.

LI Chuanxi,FANG Changle,ZHANG Yongming,et al.Full-
scale experiment on UHPC shrinkage effect of innovative
composite bridge deck[J]. China Journal of Highway and
Transport,2023,36(6):94-106.
RS E PR A IR EE 1 :GB/T 31387—2015[S]. JL5T:
B o £ A, 2015,

Tsinghua University. Reactive powder concrete: GB/T
31387—2015[S].Beijing:Standards Press of China,2015.
B AR, VLG DU R4 2R AL R 0 A BR A B, 7 5 A% 57
R R G AR A AT PR W) e P R IR BE L A
P RE X B 5 J7 B T/CBMF 37—2018[S]. b 57 : o [ 1
ol A, 2018.

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

Co., Ltd., Nanjing Beilida New Materials System
Engineering Co., Ltd.. Fundamental characteristics and
testmethods of ultra-high performance concrete : T/CBMF
37—2018[S]. Beijing: China Building Materials Press,
2018.

B, PR A AR A R P RE TR 5E £ (UHPC) B W 45
WA T 2 B9 [9]. TR B £ T 5E,2020(6):50-54.

LU Ya, MIN Yangyang, LIU Huaming, et al. Study on
shrinkage
concrete (UHPC)[J].China Concrete,2020(6):50-54.

e N BRI AR B AL 2 d B 3 i TR BE AT
fi6 FI TR A 2 BE 3 38 5 3% F% #E :GB/T 50082—2009[S]. 1t
a0 E ST T R A, 2010.

Ministry of Housing and Urban-Rural Development of the

testing method of ultra-high performance

People’ s Republic of China.Standard for test methods of
long-term performance and durability of ordinary concrete:
GB/T 50082—2009[S]. Beijing: China Architecture &
Building Press,2010

R B TR 28 4 IR BE 158 U 5 b5 1 : CCES 13:
2009[S]. At 5T 3R s i 41,2009,

Dalian University of Technology. Standard test methods
for fiber reinforced concrete: CCES 13:2009[S]. Beijing:
China Academy of Building Research,2009.

BT W TR AR A B o e AR TR BE L W
P BEWFFE[I]. A1 B F41%,2016,30(4):115-120.

HUANG Zhengyu, HU Gongqiu. Research on the
shrinkage performance of ultra high performance concrete
during heat curing[J]. Materials Review, 2016, 30(4): 115-
120.

HASHIDA H, YAMAZAKI N. A study on composed
deformation of autogenous shrinkage and thermal
expansion due to heat of hydration in high-strength
concrete[J]. Concrete Research and Technology, 2002, 13
(1):25-32.
BFUP AFGC. Ultra high performance fibre-
reinforcedconcretes recommandations[S]. France: AFGC
Working Group,2013.

TAZAWA E 1. Autogenous shrinkage of concrete[M].
London:E&F N Spon,1999.

INTERNATIONAL A. Standard practice for estimating

concrete strength by the maturity method[S].ASTM,2011.



