5 49 %55 5 R - B N -1 Vol. 49, No. 5

I

2021 % 5 A JOURNAL OF THE CHINESE CERAMIC SOCIETY May, 2021

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20200715

ALK Y 2 AU 38 BEI IR 5 SRATE

% &', Fk, k&Y, RAM’, Erik Schlangen’, Branko Savija*

(1. INRR¥FEATE AP, BT 2501005 2. tWARKZEFMNEFFALE, L5 M 2150215 3. HF ST RZE LA TEERK,
R HE 266033; 4. HURKEFI T RZ LR TR BRI %0, 7 2 AURKREET 2628 CN)

7 OE: RARE U R HoR, 838K 235075 100 pm F1 200 pm ATEAL K P19 2% oW SZ T AR . SR AR FR IR A,

AT URTZAR ATk 6 ] 8 AR 38047 TE 0 B il P e P B 2K, ARSI RURE B F T4 /K 14 SR RO 0 s R BE 2R i
FEo N T RALREAL KO R A S 1, RRH T 00O 100 /NFERh, S8l e, HEATGEh oM. SREERW]: fEfK
PR IR ROV 5 EE =R 20 A1 T LA — 2 % Weibull 73 A7 bR BO3EAT 3RAE wei 7K B U A EA 7K Y8 147 SR T~ 247 5t P S AU LA 5 2k
B RTINS SR B B, R AR R R R 8 KT 5 DA BT FEas SRXT b, R B KR 15 HE I
ML PR BB T 8 — /KA P AR = 2 1]

KRR MEAKVEIHIE; FULEERBREE TOMIPRPUE TR Weibull 2745 RO
FEDHS: TUS28  XEAFRER: A XEHS: 0454-5648(2021)05-0887-06
4% 4 ARETE) . 2021-04-13

Strength characterization of hydrated cement paste at micro-scale
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Abstract: Micro-cubes of hardened cement paste with the lengths of 100 um and 200 um were prepared by micro-dicing and
thin-sectioning techniques. The compressive strength and splitting strength of these specimens were measured by a nanoindenter
equipped with different types of tips. Considering the heterogeneity nature of the material in a micro-scale, we examined 100
specimens via a statistic analysis. The results show that the two-parameter Weibull distribution can be used to represent the
probability distribution of both compressive strength and splitting strength in a micro-scale. The specimens with a higher
water-to-binder ratio have a higher strength and a lower variability. Furthermore, the specimen size has an influence on the measured
strength. The bigger specimens have lower strength and variability. The reported average value and variability of strengths obtained in
this work are greater than those of the concrete in a meso-scale, but lower than those of the hydration product in a nano-scale.
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Fig. 1 SEM images of the fabricated hydrated cement paste micro-cubes

1.2 MWk AEE

K KLA-Tencor G200 49K T JRAX 43 3 3E 47
R (14 B B AN TE N R A 1 % . ke
B, FIF B BB SRR SR e S . B R
KV 1 22 oW R B ARS8 R, R4 EAT 100 A
FOARAE IR, BT T HT

30 B Z 6 R B I Sk (BRI 1L 4 K
200 pm, FA% 9.6 pm)EROMAAE E RTINS i
o USSR T AL e A 2, o A W ik
(continuous  stiffness measurement)* 1§ il fin %% 2 %
N 50 nm/s FFACIR AN MR R -0 A HE 2%
Wk 2 Pros.



55 49 &5 5 3 BB S BEAKYR SR AON 58 R S R AL + 889 -

500 ;
Regime l Regime |l
400
Critical load, P,

% 300+
=
<
=]
~ 200}

100 -

0 1 1 1 1 1 1
0 5000 10000 15000 20 000 25000 30 000 35 000
Displacement/nm

B2 PRl B S0 SR 4 - B8 T 26
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indentation splitting test
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Fig. 3  Failure mode of the micro-cube under one-sided indentation splitting test
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Fig. 4 Failure mode of the micro-cube under uniaxial compression test
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Table 1 Measured strengths of the micro-cubes

Water to binder ize/um One-sided splitting ~ Compressive
ratio strength/MPa strength/MPa
0.3 100 21.42(0.183) 148.63(0.193)
0.4 100 18.81(0.211) 125.71(0.286)
0.4 200 14.73(0.190) 113.87(0.129)
0.5 100 17.23(0.250) 107.84(0.32)

Note: coefficient of variation is indicated in parentheses.
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Fig. 5 Weibull plot for measured strengths
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Table2 Weibull parameters for the measured splitting strength

Water to . 5 ) )
. . Size/um m np/MPa R X n  x(0.05)
binder ratio
0.3 100 5.81 23.07 0.953 8.542 6 12.592
0.4 100 5.51 20.38 0.946 3.0472 5 11.071
0.4 200 5.79 15.85 0.909 6.0218 4 9.488
0.5 100 432 1846 0.963 3.382 3 7.815
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Table 3 Weibull parameters for the measured compressive

strength
Water to . 5 ) )
binder ratio Size/um m n R X n % (0.05
0.3 100 5.99 16038 0.943 8.6432 6 12.592
0.4 100 4.07 13795 0.966 5.0517 7 14.067
0.4 200 7.88 120.48 0.965 8.8304 7 14.067
0.5 100 3.27 12330 0.973 10.3981 6 12.592
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