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Effect of Low Temperature and Low Humidity Curing Condition
on Microstructure of Concrete
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(1. State Key Laboratory of Eco-hydraulicsin Northwest Arid Region, Xi’an University of Technology, Xi’'an 710048, Ching;
2. Power China Northwest Engineering Corporation Limited, Xi’an 710065, China)

Abstract: To further understand the influence of climate environment on the microstructure of concrete materials in northwestern
China, the microstructure characteristics of concrete under different temperature and humidity curing conditions were investigated by
a nano-indentation technology. The results show that the lack of curing temperature and humidity leads to the increase of capillary
pores and low-density calcium silicate hydrate (C-S-H) gel content in cement mortar. The indentation modulus and hardness of
concrete interfacial transition zone (ITZ) under different curing conditions were statistically analyzed. It is indicated that the average
thickness of concrete ITZ is increased by 5 um and 10 um when the curing conditions are 10 “C-70% relative humidity (RH) and
3 "C-50% RH, respectively, compared with that the curing conditionis20 ‘C-95% RH.
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(a) Probability distribution function of 20°C-95% RH (a) Probability distribution function of 20 ‘C-95% RH

(b) Probability distribution function of 10°C-70% RH

(b) Probability distribution function of 10 ‘C-70% RH

(c) Probability distribution function of 3°C-50% RH

(c) Probability distribution function of 3°C-50% RH

(d) Indentation elastic mudulus of each hydrate phase

Pore LD C-S-H HDC-S-H

Hydration products
A3 K [FI TR R DR IR 9 9 A7 o8 iﬁl(P)& (d) Indentation hardness of each hydrate phase
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Fig. 3

Probability distribution function (P) and pesk histogram of Bl 4 REZEFFA4 R EREE N P RIEEMHRE
mortar indentation modulus under different curing Fig. 4 P and pesk histogram of mortar indentation hardness
conditions under different curing conditions
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Table2 Indentation elastic modulus, hardness and volume fraction of different hydrate phases

Ssamples Hydration Modulus Hardness Vol ume
products  Meantstandard deviation/GPa ~ Relativeerror/%  Meantstandard deviation/GPa  Relativeerror/%  fraction/%

20°C-95% RH Pore 12.53+3.15 2.40 0.65+0.12 479 2.3

LD C-SH 25.64+5.30 1.77 0.90+0.07 3.56 36.1

HD C-S-H 34.04+4.28 0.38 1.29+0.20 0.75 36.2

CH 44.12+5.01 2.32 1.72+0.24 4.64 25.4

10°C-70% RH Pore 10.02+4.47 324 0.47+0.17 6.50 41

LD C-SH 24.05+5.18 2.15 0.80+0.23 431 447

HD C-SH 31.49+4.63 2.01 1.15+0.10 4.02 309

CH 42.08+5.32 1.46 1.61+0.31 2.92 20.3

3'C-50% RH Pore 8.55+3.94 3.30 0.38+0.29 6.57 5.6

LD C-SH 20.03+4.21 2.47 0.72+0.16 4.94 49.0

HD C-SH 27.57+4.48 1.98 1.04+0.25 3.98 26.8

CH 36.24+5.06 241 1.48+0.13 4.82 186
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Fig. 5 Volume fraction of each phase in hydration products
under different curing conditions
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zone of concrete interface under different curing
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Table 3  Average value of datigtical results of nano-
indentation modulus test
Aggregate  Interfacial transition zone Mortar
Samples Modulus/ Modulus/ Thickness/ Modulus/
GPa GPa pm GPa
20°C-95% RH 78.27 43.80 25 49.96
10°C-70% RH 78.52 38.78 30 45,53
3C-50% RH 78.18 33.49 35 42.22
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(a) 20 "C-95% RH

(b) 10 ‘C-70% RH

(0) 3 "C-50% RH
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A
Fig. 7 Nano-indentation hardness distribution of concrete
interface transition zone under different curing
conditions
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Table 4 Average value of datistical results of nano-
indentation hardness test

Aggregate  Interfacial transition zone Mortar
Samples Hardness  Hardness  Thickness  Hardness/
GPa GPa um GPa
20°C-95% RH 3.80 2.05 25 2.30
10°C-70% RH 381 1.89 30 218
3'C-50% RH 3.63 1.68 35 2.07
4 ik
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