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Water Absorption and Microstructure Deterioration of
Cement Paste Under Freeze-Thaw Environment

LI Hongpan, LIU Lin, WEI Yue
(College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China)

Abstract: The failure mechanism and damage form of unsaturated cement-based materials are rather different under freeze-thaw
environment. In this paper, the water absorption characteristics of unsaturated cement paste at different freezing temperatures were
investigated in four freeze-thaw cycle regimes, i.e. =10 ‘C—4 C, -20 C—4 C, —30 ‘C—4 ‘C and —40 ‘C—4 "C. The single surface
immersed unsaturated cement paste was subjected to 23 freeze-thaw cycles at —40 ‘C. The microstructures of the samples at
different heights from the water surface were analyzed. The results show that the water absorption of unsaturated cement paste can
increase with the increase of the number of freeze-thaw cycles. The lower the freezing temperature is, the greater the water
absorption will be, indicating the greater cold absorption. After the same number of freeze-thaw cycles, the closer the site to the
water surface is, the larger the porosity and the greater the volume fraction of microcracks will be. The smaller the content of
small pores is, the larger the content of large pores will be, that is, the closer the site to the water surface is, the more serious the

freeze-thaw damage will be.
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Fig. 1 Schematic diagram of experimental process
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compare the change in the water absorption rate; Ngr is freeze-thaw cycle
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Fig. 2 Diagram of the average water absorption rate and the
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Table 2 Pore structure information of unsaturated cement slurry at different locations from the water surface

Location Porosity/% Solitary porosity/% Connected porosity/% Degree of pore connectivity
FT23-40 top 10.35 2.09 8.26 0.798

FT23-40 middle 15.80 1.84 13.96 0.884

Growth percentage 52.80 —-11.96 69.01 10.63%

FT23-40 bottom 20.58 1.03 19.55 0.950

Growth percentage 99.03 -50.72 136.68 23.02%

Note: Growth percentage is the change rate of FT23-40 middle and FT23-40 bottom relative to FT23-40 top.
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Fig. 4 Pore size distribution curves of unsaturated cement
pure slurry at different locations from the water surface
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Fig. 5 Three-dimensional microcrack structure diagram of unsaturated cement pure slurry at different locations from the water surface
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Fig. 7 Three—dimensional microstructure diagram of unsaturated cement purification slurry at different locations from the water
surface after treatment with saturated water and saturated Nal solution, respectively
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Fig. 8 Cumulative porosity of unsaturated cement slurry at different locations on water surface
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Fig. 9 Differential curve of pore size distribution between the
unsaturated cement slurry and different locations from
the water surface
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Table 3 Pore size distribution differential diagram of the range, peak, peak height information of the three peaks

First peak First . . Second peak  Second . . Third peak . . .
Samples Peak height/g Peak height/g Third peak/nm Peak height/g
range/nm peak/nm range/nm peak/nm range/nm

FT23- 0.24-86.59 11.28 185.27 150.91- 1054.27 13.93 6120.24— 22 365.74 5.96

40 top 5579.14 298 683.40
FT23- 0.24-78.96 11.28 183.33 181.58— 961.06 11.60 6120.24— 24 534.86 6.42

40 middle 3852.67 298 683.40
FT23- 0.24-65.62 10.32 180.57 218.54— 1054.27 15.36 5579.14— 22365.74 6.72

40 bottom 5085.89 226 260.14
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Fig. 10 Pore size distribution curves of unsaturated cement pure
slurry at different locations from the water surface

FLBRFJUFAE, Q)T BLER 3 AN B AL )
I 5 45 0K FLAEAE 30 nm fiT, Hrp 30~70 nm ¥
BRI A IR AL B 28 B 1 B 6 B X, AT B SE 1%
VWHEIALRE T mER S B X-CT W4
RIK 4 A 8 ATHI, 9.41~15.47 pm F1 650.02~
1 025.95 um U NFLRRZFEK AR, KWZWE
BBl 1) FL 5 A0 7

Coussy %P5 Gong P se4g i, 2440
B b T % 2% A Bl BE B B AL BO N, B 2
AFKE. TS BHERIL, 1Rl
Bl 7 AR B K R4 5 o 6 T A A S AL
BORIAL, VK& AR5 2 e il I AT DA 9 &5 b R
0P K ALAZ BB TR, KL £



« 1310 - CREBR R 24410

J Chin Ceram Soc, 2023, 51(5): 1302-1310

2023 4E

FePE T NFLIIBR
3 i

1) UK FE AR, 7KV ¥ S K ok
AW AE s, LE B AR UK T EE 43 i 20 .
=30 ‘CHI-40 CHIRBIEFIEH T FIR K 20 4 R
R A O P 388 o v 1

2) £ 24.57~1 401.96 um fLAFTEEN, AR
KR ¥R B 5 7K THT I (1) 30 S R SR R 3 B0
K, FEAAIIAE 0.3~0.4 BREEE N RRLER
I B, 3R B R B K TH R ()AL R SO AS
SPALFR B RN o

3) &3t 23 RGN G, W SR
HAAFEESAAL 10 nm. 1 um. 22.4 pm fic, H
F/NF 100 nm FIFLECE B % /DT 30 nm LRI
FLBR R AR BE B K I 3 AR AL, L&A LT
HFE, AT 30 nm~4.53 pm FLEERISL, BRI K
THI AR AL FLBR 2R, o 30~70 nm 1 FLER 21
KA E. ST 453 pm FLARLL LS, FEE
JICTHT BT ) A FLBR 2RO o 9.41~15.47 um
A1 650.02~1 025.95 um i [ Py FLBR R IG KB 2,
R HUTE,

SE 3k

[1] WANG R, ZHANG Q, LI Y. Deterioration of concrete under the
coupling effects of freeze—thaw cycles and other actions: a review[J].
Constr Build Mater, 2022, 319: 126045.

[2] WANG Z, ZENG Q, WU Y, et al. Relative humidity and deterioration
of concrete under freeze—thaw load[J]. Constr Build Mater, 2014, 62(7):
18-27.

[3] LIUL, WANG X, ZHOU J, et al. Investigation of pore structure and
mechanical property of cement paste subjected to the coupled action of

freezing/thawing and calcium leaching[J]. Cem Concr Res, 2018, 109:

133-146.
[4] ZHANG J, WENG X, JIANG L, et al. Frost resistance of concrete
reinforced using surface—strengthening materials in airport

pavements[J]. J Mater Civ Eng, 2018, 30(3): 04018006.

[5] LIUL, YE G SCHLANGEN E, et al. Modeling of the internal damage
of saturated cement paste due to ice crystallization pressure during
freezing[J]. Cem Concr Compos, 2011, 33(5): 562-571.

[6] LIUL, SHEN D J, CHEN H S, et al. Analysis of damage development
in cement paste due to ice nucleation at different temperatures[J]. Cem
Concr Compos, 2014, 53:1-9.

[7] LIUL, WU S, CHEN H, et al. Numerical investigation of the effects of
freezing on micro-internal damage and macro-mechanical properties of
cement pastes[J]. Cold Regions Sci Technol, 2014, 106—107(10):
141-152.

[8] WU M, JOHANNESSON B. Impact of sample saturation on the
detected porosity of hardened concrete using low temperature
calorimetry[J]. Thermochim Acta, 2014, 580: 66-78.

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

(23]

[26]

[27]

[28]

FAGERLUND G. Determination of pore size distribution by suction
prosimetry[J]. Mater Struct, 1973, 6(3): 191-201.

FAGERLUND G. Significance of critical degrees of saturation at
freezing of porous and brittle materials[J]. ACI Struct J, 1973: 13-65.
FAGERLUND G. The international cooperative test of the critical
degree of saturation method of assessing the freeze/thaw resistance of
concrete[J]. Mater Struct, 1977, 10(4): 231-253.

LIUL, QIN G, ZHOU Y, et al. Freezing behavior of unsaturated porous
materials[J]. Constr Build Mater, 2021, 274: 122112.

AR SCHE . I Y 4 A R R PR AE TR 5 A R R R S AR
FIH S5HLIE[D]. Fat: ARRK, 2012

LI Wenting. Coupling law and mechanism of fatigue load and freeze-
thaw cycle in the process of concrete damage deterioration (in Chinese,
dissertation). Nanjing: Southeast University, 2012.

SETZER M J. Micro—ice—lens formation in porous solid[J]. J Colloid
Interface Sci, 2001, 243(1): 193-201.

CASTRO J, BENTZ D, WEISS J. Effect of sample conditioning on the
water absorption of concrete[J]. Cem Concr Compos, 2011, 33(8):
805-813.

YANG Z, WEISS W J, OLEK J. Water transport in concrete damaged
by tensile loading and freeze—thaw cycling[J]. J Mater Civ Eng, 2006,
18(3): 424-434.

ASTM Standard C1585-13. Standard Test Method for Measurement of
Rate of Absorption of Water by Hydraulic Cement Concretes[S].
ASTM International, West Conshohocken, PA. 2013

ASTM Standard C666M-03. Standard Test Method for Resistance of
Concrete to Rapid Freezing and Thawing[S]. ASTM International,
West Conshohocken, PA. 2008.

SEATE, o5, KPS EHIE S A T M. o B M i
1, 2018.

JACOBSEN S, MELANDS@ F, NGUYEN H T. Flow calculation and
thermodynamics in wet frost exposure of cement based materials[C]/
Proc., International RILEM Symposium on Concrete Science and
Engineering: A Tribute to Arnon Bentur. 2004.

COUSSY O, MONTEIRO P J M. Poroelastic model for concrete
exposed to freezing temperatures[J]. Cem Concr Res, 2008, 38(1):
40-48.

GONG F, JACOBSEN S. Modeling of water transport in highly
saturated concrete with wet surface during freeze/thaw[J]. Cem Concr
Res, 2019, 115: 294-307.

COUSSY O, MONTEIRO P. Unsaturated poroelasticity for
crystallization in pores[J]. Comput Geotech, 2007, 34(4): 279-290.
ZHANG M, He Y, Ye G, et al. Computational investigation on mass
diffusivity in Portland cement paste based on X-ray computed
microtomography (uCT) image[J]. Constr Build Mate, 2012, 27(1):
472-481.

SIDIQ A, GRAVINA R J, SETUNGE S8, et al. Microstructural analysis
of healing efficiency in highly durable concrete[J]. Constr Build Mater,
2019, 215: 969-983.

JENG J Y, SPRAGUE D T, HALPERIN W P. Pore structure of
hydrating cement paste by magnetic resonance relaxation analysis and
freezing[J]. Magnetic Resonance Imaging, 1996, 14(7/8): 785-791.
JENG J Y. Microstructure of Wet Cement Pastes: a Nuclear Magnetic
Resonance Study[M]. Evanston, Northwestern University, 1995.
KORB J P. NMR and nuclear spin relaxation of cement and concrete
materials[J]. Curr Opinion Colloid Interface Sci, 2009, 14(3): 192-202.



