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Mechanical properties of buoyancy materials with
different microstructures under compression load
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Abstract: Based on multi—step homogenization technique, the differential calculation formula of the effec-
tive elastic modulus of buoyancy materials containing hollow glass microspheres (HGMs) with different speci-
fications was derived. A simplified method for determining the number of the HGM with different specifica-
tions was proposed based on the average ratio of inner and outer diameters of the HGM in production batch-
es. By analyzing the influence of wall thickness, volume fraction, size and other factors on the failure of buoy-
ancy materials, the failure criterion of HGM was proposed. The influence of different microstructures (HGM
volume ratio, size, wall thickness) on the effective elastic modulus of buoyancy materials were studied by con-
structing a three—dimensional micro cell finite element model (FEM) for numerical analysis. According to the

microstructure of HGMs, different single variables were set to analyze the effects of different variables on the
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compressive strength of buoyancy materials. The results show that the numerical analysis can effectively ana-
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i
lyze the effective elastic modulus of the buoyancy materials. The failure criterion is verified by experiment
safe application.
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and numerical analysis. The research results can provide a theoretical basis for the optimal design and devel-
opment of high—performance full ocean depth (FOD) buoyancy materials, and provide theoretical support for
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(self—consistent model)™ of buoyancy materials
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Tab.2 Calculation conditions

e Wk AR Ak AR IR
SMEIum  AMR/um WAMEZ L WAMEZ 5180(%)
Al 20 20 0.95 0.95 10/20/30/40/50/60
A2 20 20 0.9 0.95/0.9/0.85/0.8/0.7  10/20/30/40/50/60
A3 20 20 0.85 0.85 10/20/30/40/50/60
B A4 20 20 0.8 0.95/0.9/0.85/0.8/0.7  10/20/30/40/50/60
WEE A5 20 20 0.75 0.75 10/20/30/40/50/60
HA42 A6 20 20 0.7 0.7 10/20/30/40/50/60
—F A7 10 10 0.9 0.9 10/20/30/40/50/60
A8 15 15 0.9 0.9 10/20/30/40/50/60
A9 25 25 0.9 0.9 10/20/30/40/50/60
A10 30 30 0.9 0.9 10/20/30/40/50/60
Bl 10 15 0.9/0.92/0.94/0.95/0.96  0.9/0.92/0.94/0.95/0.96  10/20/30/40/50/60
B2 10 19 0.9/0.92/0.94/0.95/0.96  0.9/0.92/0.94/0.95/0.96 60
i B3 10 20 0.9/0.92/0.94/0.95/0.96  0.9/0.92/0.94/0.95/0.96 10/20/30/40/50
ek B4 10 30 0.9/0.92/0.94/0.95/0.96  0.9/0.92/0.94/0.95/0.96 10/20/30/40/50
s B5 15 20 0.9/0.92/0.94/0.95/0.96  0.9/0.92/0.94/0.95/0.96  10/20/30/40/50/60
B6 15 23 0.9/0.92/0.94/0.95/0.96  0.9/0.92/0.94/0.95/0.96 60
e B7 15 25 0.9/0.92/0.94/0.95/0.96  0.9/0.92/0.94/0.95/0.96 10/20/30/40/50
H B8 15 30 0.9/0.92/0.94/0.95/0.96  0.9/0.92/0.94/0.95/0.96 10/20/30/40/50
B9 20 25 0.9/0.92/0.94/0.95/0.96  0.9/0.92/0.94/0.95/0.96  10/20/30/40/50/60
B10 20 30 0.9/0.92/0.94/0.95/0.96  0.9/0.92/0.94/0.95/0.96  10/20/30/40/50/60
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Fig.6 Diagram of different microstructure models
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Tab.3 Comparison between theoretical and numerical
calculations of effective elastic modulus
Tk N Ak TR AR PR RIS P R RE 22 (%)
Bzl (%) THEAH E1/Pa P AH £2/Pa (E2-E1)/E2

0.95 60 4.91E9 5.10E9 3.73
0.95 50 4.45E9 4.71E9 5.52
0.95 40 4.04E9 4.30E9 5.94
0.95 30 3.67E9 3.89E9 5.61
0.95 20 3.34E9 3.54E9 5.74
0.95 10 3.03E9 3.17E9 4.38
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Tab.4 Comparison between theoretical and numerical calculations of
effective elastic modulus for buoyancy material with defects
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rzZ T3 %) 5380 (%) PR E3/Pa A5 (%) : (E3-E1)/E1
0.95 59 1 4.67E9 4.87
0.95 49 1 4.24E9 4.85
0.95 39 1 3.85E9 4.84
0.95 58 2 4.63E9 5.81
0.95 48 2 4.19E9 5.77
0.95 38 2 3.81E9 5.75
0.95 57 3 4.58E9 6.72
0.95 47 3 4.15E9 6.68
0.95 37 3 3.77E9 6.66
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