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Abstract

In this study, a virtual specimen with a linear continuous gradient of void ratio (FGM: Functional Graded Material) is constructed
using low-order probability functions of two real cement paste specimens. Two real specimens with difference void ratios are taken
from X-ray CT to construct the virtual specimen. A virtual specimen with a gradient void distribution, whose average void ratio is
between void ratios of two homogeneous real specimens, is constructed using a stochastic optimization approach. The void ratio
distribution is assumed to be linear, and continuously varies in the vertical direction. In this study, a gradient term of void ratio is
incorporated into the objective function as well as low-order probability functions from the previous research. To confirm the effect
of gradient void distribution on the material response, air permeability is evaluated using finite element analysis. The analysis results

are compared with experimental results, and confirm the effect of gradient void distribution on permeabhility.
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Table 1 Mix design and void ratio of cement paste

specimens
Specimen W/C Water Cement Porosity
P (%) (kg/m®) | (ke/m’) (%)
OPC40 40 527 1396 32.17
OPC65 65 649 1035 45.10
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Fig. 1 Image processing of X-ray CT image
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Table 2 Air permeability of the virtual and real specimens

(a)

from the experimental and simulation results
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Specimen

Porosity

(%)

Experiments

(m?)

Simulation
(m?)

OPC40

32.17

2.594x10 1

4.174x101

Virtual specimen

35.53

1.457x1071°

OPC65

45.10

5.10x107%°

4.868x107°
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