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Influence of Rehydration Effect on Microstructure and Water Stability of Ultra-high
Performance Concrete Matrix

AN Mingzhe, LIU Yazhou, ZHANG Ge, WANG Yue, YU Ziruo
(School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: A rehydration test of ultra-high performance concrete (UHPC) matrix was conducted to measure the chemically bound
water contents, specimen expansion ratios, and compressive strengths of hardened cement pastes at different rehydration time, and the
rehydration model was proposed based on the Krstuloviéc—Dabi¢ hydration dynamics of cement and microstructure information of
cement hydration. The mechanism regarding the rehydration effect on the water stability was discussed, and the microscopic
appearance change with pore structure change was analyzed based on the proposed model. The results show that the bound water
content of rehydration increases during the early period but decreases during the late period as the water-cement ratio decreases from
0.30 to 0.15. The specimen expansion ratio increases as the water-cement ratio decreases during the rehydration process. The
compressive strength of hardened cement pastes at different water-cement ratios has an alternating tendency of increasing and
decreasing with the increase of rehydration time. The simulated data by the model are in good agreement with the experimental results,
indicating that the proposed model can accurately simulate the rehydration process of UHPC matrix. The increased scope of
compressive strength of hardened cement paste with the water-cement ratio of 0.30 is greater due to its higher hydration rate of
cement. During the early period of rehydration, a hydration rate of cement becomes greater, and the rehydration products gradually fill
in the initial pores of hardened cement paste. However, during the late period of rehydration, a hydration rate of cement is lower, and
the rehydration products cause some microcracks of hardened cement paste due to its volume expansion, resulting in the degradation
of properties of UHPC matrix.
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Table 1 Chemical composition of cement w/%
SIOZ A1203 FCQO} CaO MgO SO3 NaZOcq f—CaO
22.19 4.48 3.23 63.10 241 2.57 0.53 0.88
w is mass fraction.
R2 KEREHIER
Table 2 Mineral composition of cement wl%
CsS C,S C;A C4AF
56.23 22.08 6.40 10.28

*3 KREALE
Table 3 Experimental mixing ratios

Mixing ratio No.  Cement Superplasticizer Water-cement ratio
UMI5 1.000 0.030 0.15
UM20 1.000 0.010 0.20
UM25 1.000 0.005 0.25
UM30 1.000 0.003 0.30
UM35 1.000 0.001 0.35
122 PRI KR JoT

603 CZKVBRRD T4k a0 777y Mse, Ak ik
A, IARIHA A KA 00 1. 24 34 7. 9. 14, 21,
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Fig. 1 Determination curves of bound water contents
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Fig. 2 Determination curves of specimen expansion ratios
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Fig. 3 Determination curves of compressive strengths
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Fig. 4 Two-dimensional model of cement hydration process
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Table 4 Parameter values in the model

Key parameters Parameters related to
Coefficient Correlation
introduced into water-cement ratio or Coefficient
value coefficient

the model rehydration effect
Influence k B 1.036
coefficient of 2 0356 0.856
water migration
) o 0.022
efficiency (&y)
é u 24.892
0 0.227 0.937
v 2.325
n ® -1.222
x 21.066 0.781
p -41.707
Influence a 1.083
coefficient of
f 0.127 0.925
rehydration
47.588

effect (y;) 8

Note: &, J and n are the parameters related to water-cement ratio, and a, fand

g are the parameters related to rehydration effect.

N T GAIE A (IR, R KA AR 43 531
THET KK EE 0.20 BI7KIRAT KT 204 304 404 60
80 CHIZKIBAKALEE, F5 FIURAIL B iR I gh GO
BEAT TR, 0P S Brs. B S AT, KIBAKAL
FEASEALAE AR IR AR S M R 4F, B00F TR
Rtk
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