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Effect of Network Connectivity on Mechanical Properties of
Soda Lime Silica Glass
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Abstract: The viscous relaxation time of glass at room temperature is too long that to detect the viscous flow. However,
permanent deformation can be easily realized under sharp diamond indenter. Crack initiation and permanent deformation of soda
lime silica glass were studied by using a Vickers indentation tester. The deformation of glass is divided into two deformation
processes: plastic (or shear) flow and densification. Plastic flow is the volume conservative displacement of material, while
densification is the irreversible compression of non-volume conservation. In this work, the mechanical properties of soda lime
silica glass were tested by using indentation method, where the influence of the network connectivity and applied load on
deformation and fracture behavior of the glass was emphasized. It is found that, when the network connectivity is sufficiently low
(i.e. high content of non-bridging oxygen), the glass has high atomic packing density and low molar volume, resulting in high
elastic modulus and Poisson's ratio, high hardness and brittleness, low toughness and weak cracking resistance. On the contrary,
when the network connectivity is high, densification is the characteristic of the whole indentation process. The higher the degree
of densification in the glass, the stronger the crack resistance the glass will have, which is reflected by the great reduction in the
residual stress of the indentation after annealing treatment.
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Tab.1 Chemical compositions (mol%) of Na,0-CaO-SiO, glasses and NBO/T
Glass ID Si0,+ Al,O4 Na,0+K,0 MgO CaO NBO/T
H1 72.88 14.91 3.66 8.55 0.71
H2 74.05 16.51 2.99 6.45 0.67
L1 80.64 14.51 3.77 1.08 0.43
L2 81.00 14.00 4.00 1.00 0.41
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Fig.1 Properties of the four glasses versus NBO/T: (a) density

and molar volume, (b) atomic packing density and (c) elastic
modulus and Poisson's ratio
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Tab.2 Characteristic parameters and mechanical properties of the glass samples

Glass

RID

D p(g/em’)  E(GPa)  Hv(GPa) Kic(MPa-m"?) B(um™?) v CR(gf) %) T, (K)

HI 2.484 71.43 5.5 0.766 7.18 0.180 280 21 819.75

H2 2.460 69.78 5.6 0.766 7.31 0.178 326 25 795.21

L1 2.378 65.87 4.8 1.034 4.64 0.161 906 30 797.39

L2 2.376 65.79 4.7 1.044 4.50 0.160 1206 38 800.41
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Fig.4 (a) Probability of cracks versus indentation load, (b) relationship between the content of non-bridging oxygen and
indentation depth recovery rate, (c) relationship between the indentation depth recovery rate and residual stress before and
after annealing, (d) anti-cracking ability of different RID glasses
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