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Relationship between drying shrinkage and water loss of white cement
paste containing calcium sulfoaluminate expansive agent

LIANG Huaming', ZHU Wenbin®, GUO Xinzhi', LU Yifei', ZHOU Chunsheng'

(1. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China;
2. Central-Southern Safety and Environment Technology Institute Co. Ltd., Wuhan 430071, China)

Abstract; To accurately analyze the shrinkage behavior and mechanism of cement-based materials containing
calcium sulfoaluminate expansive agent under drying conditions and reveal the mechanism of the decline in the
compensatory shrinkage effect of calcium sulfoaluminate expansive agent under low relative humidity conditions, the
non-destructive low-field nuclear magnetic resonance relaxation technique was adopted to monitor the development
of drying shrinkage of white cement paste with and without calcium sulfoaluminate expansive agent at different levels
of relative humidity for 10 months, as well as X-ray diffraction test, mass and length monitoring for specimens.
From the perspective of both water content and its state, the evolution of drying shrinkage of white cement paste was
quantitatively described, the relationship between drying shrinkage and relative water loss was established, and the
mechanism of CSA increasing drying shrinkage was elucidated. Results indicate that, dry in environments with
75% , 43% and 11% RH, water loss and drying shrinkage of white cement paste continually increase until
stabilization. The relationship between drying shrinkage and relative water loss of specimens in the three types of
environments remained almost the same. With the extension of drying time, the drying shrinkage caused by unit
water loss initially decreases and then increases. This change can be explained by the difference of water loss in
pore at all levels in cement paste during the drying process, and the non-identical mechanism of drying shrinkage
under different humidity conditions. When calcium sulfoaluminate expansive agent is mixed into cement-based
materials, C-S-H gel nanopore structure will be coarsened to some extent, easy to lose more evaporable water when
drying, and ettringite generated by the hydration of the expansion agent will also lose 2 to 5 water of crystallization
both of which together lead to the net slurry moisture loss and drying contraction are increased. In the application of
calcium sulfoaluminate expansive agent in the low humidity environment, it needs to pay attention to these two
factors leading to the contraction of the impact of increased fall.
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Tab.1 Chemical composition of cements and expansive agent %
JE AR Ca0 Sio, Al, 04 S0, MgO Fe, 0, R,0
HEfERRER K 64. 60 21.71 4.60 2.80 2.43 0.50 0.48
T RERRER K U8 62.49 20.16 4.68 2.30 4.04 3.51 1.62
T B R A 2 T 391 50. 60 1.50 15.61 27.50 2.08 1.37 1.19

®2 KEWEZTWAEK

Tab.2  Mineral composition of cements Yo
JER R G35 G, C;A CyAF O A1 Ji fgta
1 Rk R ER K e 62.36 15.36 8.66 0.75 3.72 0.36 5.25
WA AR AR ER KU 59.75 13.33 7.05 4.43 4.16 3.22 5.20
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Fig. 1 Dry shrinkage, relative changes of mass and evaporable water content of white cement pastes under different relative humidity
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Tab.3  Dry shrinkage, relative changes of mass and evaporable water of white cement pastes under different relative humidity for 300 d

WP-BLK WP-CSA
FAXTEE/ %
a, / a5/ a, p/ Ao/ &/ oy 2/ a, g/ oy g/ Ae/ &/
(mg-em™) (mg-em™) (mg-cem™) (mg+cem™) 10-° (mg-em™) (mg+cem™3) (mg-cem™?) (mg+em™3) 107°
75 85.04 83.46 83.00 0.46 1813 88.26 87.54 82.74 4.80 1 849
43 200. 88 201.52 200. 26 1.26 2 810 217.76 215.13 209.63 5.50 3018
11 285.21 284.20 280. 88 3.32 3786 301.16 299.51 286.74 12.77 4019
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Fig.2 The dry shrinkage and relative changes of mass of ordinary portland cement pastes under different relative humidity
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Fig.3 Dry shrinkage and relative changes of water loss of white

cement pastes under different relative humidity
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Fig.4 Relative changes of mass and evaporable water content
of white cement pastes under different relative humidity
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