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Homogenization-based approach for predicting equivalent elastic
constants of tungsten fiber reinforced Zr-based bulk metallic glass
matrix composites
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Abstract: Based on the structural signature of tungsten-fiber reinforced Zr-based bulk metallic glass matrix composites
(BMGMCs) and homogenization theory, a theoretical model for calculating their equivalent elastic constants was
established. The equivalent elastic constants of these composites were predicted by the proposed model combined with
the finite element analysis. The effects of the volume fraction and size of the reinforced phases on the effective properties
of tungsten-fiber reinforced BMGMCs were further studied. The results demonstrate that a combined approach of the
homogenization theory and the finite element formulation can effectively predict the elastic properties of tungsten-fiber
reinforced BMGMCs with periodic meso-structure and thus, providing bases for the rational design of this kind of
composite.
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[ustration of structure of tungsten fiber reinforced Zr-based bulk metallic glass matrix composites with periodic
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Fig. 2 Different deformation modes for periodic unit cell under different conditions: (a) Unit cell structure; (b) Deformation
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(c); (b) Boundary condition for case in Fig. 2(d)
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Fig. 4 Periodic microstructure (a) and three-dimensional grid cell model (b) of tungsten fiber reinforced Zr-based bulk metallic

glass matrix composites
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Table 1 Comparison of predicted elastic moduli (Homo FEM)
of tungsten fiber reinforced Zr-based bulk metallic glass matrix
composites with different volume fractions of tungsten fiber
with their experimental values from literature and calculated

values based on Voigt and Reuss models
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Table 2 Predicted equivalent elastic constants of tungsten
fiber reinforced Zr-based bulk metallic glass matrix composites

with different R/L ratio values

Vv E/GPa
% Homo FEM Voigt Reuss  Experimental result
10 127.1 1274 1039 127.82
15 142.4 143.1 1084 130.6
17 148.5 1494 1104 166.9%!
20 157.7 1588 113.4 160.41
26 175.9 177.6  119.9 185.9%!
37 209.5 2122 1339 220.5%
40 218.7 2216 1384 23521
45 233.9 2373 1465 146.414
60 279.7 2844 1776 286.91
61.4 283.9 288.8 1812 2930
68 304.1 309.5  200.3 312.02
80 340.7 3472 2479 343,11

RL  E}l,/GPa EN,/GPa E[,/GPa  u"
0.178 191.3 96.1 47.6 0.334
0.219 207.7 100.3 53.7 0.326
0.233 2144 102.1 56.1 0.323
0.252 224.7 105.1 59.8 0.319
0.288 2453 111.2 67.1 0.311
0.343 2843 1235 80.4 0.303
0.357 295.1 126.9 84.1 0.301
0.378 312.9 132.7 90.1 0.298
0.437 367.3 150.6 108.3 0.291
0.442 3723 152.3 110.1 0.290
0.465 396.4 160.3 118.1 0.288
0.505 4402 174.9 132.6 0.284
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