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Fig. 1 Definition of representative volume element (REV)
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Table 1 Chemical compositions of cement, fly ash and silica fume wW/%
Material SiO, ALOs Fe,03 CaO MgO SO3 K,0 Na,O LOI (950 C)
Cement 20.56 4.82 3.85 65.84 0.78 1.26 0.37 1.15 1.37
Fly ash 55.68 27.53 6.21 3.01 1.27 1.10 1.42 0.95 2.83
Silica fume 95.79 0.31 0.62 0.59 0.51 0.73 0.17 0.32 0.96
LOI is loss on ignition. W is mass fraction.
®2 SRHDITRE

Table 2 Gradation of fine aggregates

Aggregate size distribution/%

Type Bulk density/(kg-m ™)
4.75 mm 2.36 mm 1.18 mm 0.6 mm 0.3 mm 0.15 mm

NS 0 0 4.8 9.6 43.5 31.2 1464

MS 0 0 25.0 24.6 20.9 9.0 1740

NS is natural sand. MS is manufactured sand.
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Table 3 Mix proportion of cement mortar

w(Cementitious materials)/%

Specimen Water-cement ratio Sand binder ratio ~ w(Water reducer)/% Designed volume fraction of sand
Cement Flyash  Silica fume
NS8 60 30 10 0.20 0.8 2 0.41
NS10 60 30 10 0.20 1.0 2 0.46
NS12 60 30 10 0.20 1.2 2 0.51
MS8 60 30 10 0.20 0.8 2 0.39
MS10 60 30 10 0.20 1.0 2 0.45
MS12 60 30 10 0.20 1.2 2 0.50

(b) Segmented
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Fig. 2 Threshold analysis process of Image-J
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x4 FRBEATEARMEBTRTHITER

Table 4 Calculation results of representative element size by different methods

Specimen Average area/mm’ Average volume/mm® TPPF/mm’ RDF/mm’
MS8 2.75%2.75 3.10x3.10x3.10 3.20x3.20 3.10x3.10
MS10 2.80%2.80 3.10x3.10x3.10 3.20x3.20 3.10x3.10
MS12 3.10x3.10 3.10x3.10x3.10 3.20x3.20 3.10x3.10
NS8 2.75%2.75 2.75%2.75%2.75 2.90%x2.90 2.90%2.90
NS10 2.75%2.75 2.75%2.75%2.75 2.90%x2.90 2.90%2.90
NS12 3.30%3.30 2.75x2.75%2.75 2.90%x2.90 2.90x2.90

TPPF is two-point probability function. RDF is radial distribution function.



+ 3544 - CTERR #5230 J Chin Ceram Soc, 2024, 52(11): 35373545 2024 4
é:l: . area (REA) in studies of quantitative soil micromorphology[J].
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Representative Elementary Size of Mortar’s Mesostructure
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Extended Abstract

Introduction As a heterogeneous multiphase material, cement-based material has a significant correlation between its macroscopic
properties and microstructure, and exhibits significant scale dependent characteristics. Representative element is defined as the
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smallest element that can represent the macroscopic property of multi-scale material. It is usually very difficult to study materials at
the full scale. Selecting representative element of appropriate size can to some extent represent the overall characteristics, providing
possibilities for microscopic calculations. Therefore, the appropriate selection of representative elementary size (RES) is of great
significance for further elaborating the structure-performance relationship in micro computational research. For cement mortar, there
has been considerable research on the RES of mortar’s microstructure of, but there is a lack of research on the RES of mortar’s
mesostructure. Only scholar such as Winslow reported a value of 10-30 mm in early research with relatively single dependent
indicator. In view of this, combined with digital image processing and analysis techniques, the statistical characteristics of the spatial
distribution of aggregates were calculated from two-dimensional and three-dimensional perspectives by using the average proportion
function, two-point correlation function and radial distribution function in this paper. Finally, the representative elementary size of the
mortar’s mesostructure was explored.

Methods Three types of cement mortars blended with cement, fly ash (FA), silica fume (SF) and sand were prepared in this
research. The cement used was P-1152.5 in accordance with the relevant Chinese standard. The density of cement and FA are
3.11 g/em® and 2.27 g/em’, respectively. The specific surface area of FA and SF are 420 m*/kgand 22 000 m*/kg, respectively. The
fineness modulus of natural sands and manufactured sands are 1.66 and 2.25, respectively. Besides, one kind of polycarboxylic-type
high performance water reducer was adopted as the superplasticizer and the water reducing ratio was not less than 40%.

The raw materials (cement, fly ash, silica fume, and sand) were mixed uniformly and then the mixed water and additives were
added and stirred for 2—3 min until the mixture enters the viscous flow state. Then the uniform mixed slurry was poured at molds and
vibrated to enhance compactness. The specimens were demolded after 1d and then cured in the standard curing room ((20+2) C,
room humidity >95%). After 28 d of standard curing, the specimens with size of 15 mmx15 mmx15 mm were cut and dried in
vacuum at 60 ‘C for 3 d. Afterwards, computed micro-tomography (CT) testing was conducted and 1000 CT slice images for each
specimen were obtained with a resolution ratio of 10 pm.

Results and discussion After image processing, the influence of noise has been removed and the distribution information of
aggregates has been obtained. It can be found that the presentation of natural sand (NS) in CT image is relatively clear and the particle
size is relatively uniform, while the shape of manufactured sand (MS) is irregular and the particle size is uneven. Comparing the
calculation results of the average volume fraction with the design volume fraction, it can be seen that the former is significantly lower
than the latter. The reason is that the composition of the MS is uneven and uneven grayscale values inside may happen due to the
crushing process. Therefore, some aggregate information will be lost during the image processing, resulting in a significant deviation
between the final result and the design volume fraction. Although the grayscale range of the NS group is very close to that of the
cement matrix, its composition is uniform and its shape is regular. After image processing, its distribution information can be retained
to a high extent, so the deviation between its calculated volume fraction and the designed volume fraction is very small.

As the aggregate fraction increases, there is a significant fluctuation in the RES obtained by calculating the average area fraction
on a single CT image, while the average volume fraction obtained by stacking multiple CT images on a three-dimensional structure is
equivalent to the average value on a larger area, and the RES results tend to be consistent. The RES is not related to the volume
fraction of sand, but is significantly affected by its type. For mortar with natural sand, RES is 2.75-2.90 mm, which is about 9 times
of its average particle size. For mortar with manufactured sand, RES is 3.1-3.2 mm, which is about 7 times of its average particle size.
Compared with the result mentioned by Winslow that the RES of mortar or concrete is within the range of 10-30 mm, the accuracy of
the conclusion in this paper has been improved by one order of magnitude.

Conclusions The RES of mortar prepared in this paper is not related to the volume fraction of sand, but is significantly affected by
its type. For mortar with natural sand, the RES obtained through the average volume proportion function is 2.75 mm, and the RES is
3.1 mm for mortar with manufactured sand. For mortar with natural sand, the RES obtained through two-point probability function
and radially distribution function are both 2.9 mm. For mortar with manufactured sand, the RES obtained through two-point
probability function and radially distribution function are 3.2 mm and 3.1 mm, respectively.

Keywords cement mortar; aggregate distribution; representative elementary size; computed micro-tomography; digital image
processing and analysis



